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•  Vert  scire  e»t  }>er  caiisas  scire." — Baco!». 

"The  etdiiy  rocks  arc  not  j)tiimval,  but  the  daughters  ot  Time."— LlIRfJHn!, 

Sif»l.  Na(.  cJ.  5,  Slockhohn,  1748,  p.  'Jl'J. 

"  Amid  all  tho  revolutions  of  t  lie  -^'lobe,  tho  economy  of  nature  has  hx^vn  uniform, 
and  her  laws  are  the  only  tliinj^  that  liave  reaistcd  the  geueral  movenieiit.  The 
liTon  and  the  neka,  tiie  mm  «id  tbe  cootinenU  hftTe  beeo  chaogid  in  all  thdr 
puts;  but  tbe  kve  vhidi  direefe  time  duuige%  and  tiie  rales  to  wUcih  thej  ere 
subject,  have  remained  mviriably  the  same.** — Playfaib,  niuatratiimt  of  CA«  Bat' 
toman  Sfteory,  g  S74. 

**  The  iohabitantA  of  the  globe,  like  all  the  other  parts  of  i^  are  flilbject  to  change. 

It  is  not  only  the  individuul  that  peri.^hc?,  but  whole  specioB- 

"  A  change  in  the  animal  kingdom  soem^  to  be  a  part  of  tbe  order  of  Nature,  and 
is  visible  in  instances  to  which  human  |>uwcr  cannot  have  extended." — Flajfair, 
[Uu$lrati<m*  of  the  iiutionian  Thtortf,  §  418. 
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PREFACE  TO  THE  NINTH  EDITION. 


The  Principles  of  Geology  in  the  first  five  editions  embracea 
not  only  a  "view  of  the  morJeni  changes  ot  the  earth  and  its 
inhabitants,  as  set  forth  ia  the  present  work,  but  also  some 
account  of  those  monaments  of  analogous  changes  of  ancient 
date,  both  in  the  organic  and  inorganic  world,  which  it  iB  the 
bnainesB  of  the  geologbt  to  Interpret  The  subject  last  men- 
tioned, or  geology  proper,"  constttnted  origiijally  a  fourth 
book,  now  omitted,  the  same  having  been  enlarged  into  a  sepa- 
rate treatise,  first  published  in  1838,  in  one  volume  12mo.,  and 
called  "The  Elements  of  Geology,"  afterwards  recast  in  two 
volumes  ]2mo.  in  1842,  and  again  re-edited  under  tlie  title  of 

Manual  of  Elementary  Geology,"  in  one  volume  8vo.  in  1851. 
The  Prinoiples"  aud  Manual"  thus  di\  ided,  occupy,  with  one 
exception,  to  which  I  shall  pieeenUy  allude,  very  different 
ground.  The  '^Principles"  treat  of  such  portions  of  the  econ- 
omy of  existing  nature,  animate  and  inanimate,  as  are  illus* 
trative  of  €}eology,  so  as  to  comprise  an  investigation  of  the 
permanent  effects  of  causes  now  in  action,  which  may  serve  as 
records  to  after  ages  of  the  present  condition  of  tiie  globe  and 
its  inhabitants.  Such  effects  are  the  enduring  monuments  of 
the  ever-varying  state  of  the  physical  geography  of  the  globe, 
the  lasting  signs  of  its  destruction  and  renovation,  and  the 
memorials  of  the  equally  Euctuating  condition  of  the  organic 
world.  They  may  be  regsided,  in  short,  as  a  symbolical  Jan- 
goage,  in  which  the  earths  autobiography  is  written. 

In  the  *^  Manual  of  Elementary  Qeology,"  on  the  other  hand, 
I  have  treated  briefly  of  the  component  materials  of  the  earth's 
crust,  their  arrangement  and  relative  position,  and  their  organic 
contents,  which,  when  deciphered  by  aid  of  the  key  supplied 
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Tl  PBEFACE. 

by  tbe  study  of  the  modem  changes  above  alladed  to,  reyeal  to 
08  the  annals  of  a  grand  snooession  of  past  events — a  series  of 

revolutions  which  tho  solid  exterior  of  the  globe,  and  its  living 
inhaljitants,  have  experienced  in  times  antecedent  to  the  creation 
ot'  man. 

In  thus  separating  tbe  two  works,  however,  I  have  retained 
in  tbe  "  Principles^'  (book  i.)  the  discussion  of  some  matters 
which  might  fiiirly  be  regarded  as  common  to  both  treatises  ; 
as  for  example,  an  historical  sketch  of  the  earlj  progress  of 
geology,  followed  by  a  series  of  preliminary  essays  to  explain 
the  facts  and  aiguments  which  lead  me  to  believe  that  the 
fbrees  now  operating  upon  and  beneath  the  earth's  snr&ce  may 
be  tlie  same,  both  in  kind  and  degree,  as  those  which  at  remote 
epochs  have  worked  out  geological  changes.  (See  Analyeis  ot 
Contentfl  of  this  work,  p.  ix.) 

If  I  am  asked  whether  the  "  Principles*'  or  the^AIanuaP 
should  be  studied  first,  I  feel  much  the  same  difficulty  in 
answering  the  question  as  if  a  student  should  inquire  whether 
he  ought  to  take  np  first  a  treatise  on  Chemistry,  or  one  on 
Natural  Philosophy,  subjects  snffleienily  distinct,  yet  inseiMura- 
bly  connected.  On  the  whole,  while  I  have  endeavored  to  make , 
each  of  the  two  treatises,  in  their  present  form,  quite  indepen- 
dent of  tlie  other,  I  wuukl  recommend  the  reader  to  study  first 
the  niodern  chanijes  of  the  earth  and  its  inhabiiaiits  as  they  are 
discn&sed  in  the  present  volume,  proceedinfjr  aftenvards  to  the 
classification  and  interpretation  of  the  monuments  of  more 
«iemote  ages. 

Gbarleb  LmjL. 
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l>aies  of  tJie  successive  JUditions  of  the  "  Pnnclple.t"  and  " EUmenU*' 
(or  Manuc^  of  Geology,  by  the  Author, 


PrioeiplMi  Ist  ToL  in  ootero,  paUisbed  in.  Jan.  1080 

—  I'  ■       ,  2d  Tol.        do.  do   Jan.  1832 

 ,  l^t  vol.  2d  editinn  in  octAva  •  «  „..  IHo'J 

 ,  2d  Tol.  2d  edition    do  „.   Jan.  1888 

«d  tcL  !•!  •ditloa  *  da   ......^  .May*  1883 

 ^  New  edition  (called  tlie  Sd)  of  tlie  wlicle  mk  is  4  Tola. 

12rno  11*7,1884 

,  4th  editiou,  4  Tola,  12mo.  June,  1885, 

 ,  6tb  do.      do.      do  Mar.  1887. 

ElcmenUb  let  edition  m  me  toL  ,  July,  iB8ft 

Prindploib  4th   da      8  \o\».  12mo  June,  1840i 

Elementa,  2d  edition  in  2  vols  12ino.  »  July,  1841 

Itinctplcs,  Ith  editiuu  iii  one  voL  8vo-.«  Feb.  1847 

i  8th  edition  in  one  vol  &va  ...il»y,  1860 

Mnnal  of  Eleiaeiilefy  Oeologjr  (or  ■*  Blenientib'*  8d  edition)  In  'one  vol 

Sva   Jan.  1851 

Miinaal,  4th  edition,  one  vol.  8va;   Jun  l>i.5  J 

Frtiictple«|  Otb  4<i»(jnii,  vtr,w  publiabed  in  one  toL  8to^.....«.  June, 
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fieology  defined— <C«Dpand  to  Hirtory— It«  vd«tk»  to  tnhet  BliyikAl  Bdmm^ 

Not  to  be  eoafeooded  with  CoemogoDj. 

Gbologt  is  the  science  which  iiiTestigateB  the  sneeessive  changes  that 
luiTe  taken  place  in  the  oiiganio  and  inoignnic  kingdoms  of  nature ;  it 
Inquires  into  the  causes  of  these  changes,  and  the  influence  which  they 
have  exerted  inmodifTing  the  sur&ce  and  external  structure  of  our  planet 

By  these  researches  Into  the  state  of  the  earth  and  its  inhahttants  at 
former  periods,  we  acquire  a  more  perfect  knowledge  of  its  present  con- 
dition, nnd  more  comprehensive  views  concerning  the  laws  now  govern- 
ing iu>  animate  and  inauioiate  productions.  wc  study  history,  we 
obtain  a  more  profound  insight  into  human  naturf^,  by  instituting  a  com- 
pariaon  between  the  present  and  former  states  of  society.  We  trace  the 
long  series  of  events  which  have  gradually  led  to  the  actual  posture  of 
affidrs ;  and  by  connecting  effects  vith  their  causes^  we  are  enabled  to 
classify  and  retain  in  the  memoiy  a  multitade  of  complicated  relaiioiis— 
the  various  peculiarities  <^  national  character — the  diflfereut  degrees  of 
moral  and  intellectual  refinement,  and  numerous  other  circumstances, 
which,  without  historical  associations,  would  be  uninteresting  or  imper- 
fe<*tlT  iinder«to<»d.  As  the  present  condition  of  nations  is  the  result  of 
many  antt  cedent  changes,  some  extremely  remote,  and  others  recent, 
some  gradual,  others  sudden  and  violent ;  so  the  state  of  the  natural 
world  is  the  result  of  a  long  succession  of  events  ;  and  a  wc  would  en- 
large our  experience  of  the  present  economy  of  nature*  we  must  investi- 
gate  the  e^ts  of  her  operations  in  former  epochs. 

We  oAen  disoover  with  snrpriset  on  looking  back  into  the  chronicles 
of  naUons,  bow  the  fortune  of  some  battle  has  influenced  the  fate  of 
miHicuM  of  our  contemporaries,  when  it  has  long  been  forgotten  by  the 
mass  of  the  population.  With  this  remote  event  we  may  find  insepar* 
al  ly  connected  the  geographical  boundaries  of  a  great  state,  the  lan- 
guage now  spoken  by  the  inhabitants,  their  peculiar  manners,  law-,  and 
religious  opinions.  But  far  more  a^itoni-^hing  and  unexpected  arc  ihtj 
connections  brought  to  light,  when  we  carry  Lack  our  researches  into 
tbe  lustery  ef  naUire.   The  form  of  a  coast,  the  configuration  of  the  in- 
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teiior  of  a  eountry,  the  existence  and  ttttent  of  lakes,  valleys,  and  moun- 
tains,  can  often  be  traced  to  the  former  prevalence  of  earthquakes  and 
volcanoes  in  re^nons  which  have  long  been  undisturbed.  To  these  remote 
convulsions  the  present  feriilit  v  uf  some  districts,  the  sterile  character  of 
others,  the  elevation  of  land  abu\  e  the  sea,  the  climate,  and  various  pe- 
culiariticji,  may  be  distinctly  referred.  Ou  the  other  hand,  many  distin- 
guishing features  of  the  surface  may  often  be  ascribed  to  the  operatioD, 
at  a  remote  era»  of  slow  and  tranquil  eauMS-^— to  the  gradual  deposition 
of  sediment  in  a  lake  or  m  the  ocean,  or  to  the  prolific  increase 'oif  testa- 
oea  and  corals. 

To  select  another  example,  we  find  in  certun  localities  subterranean 
deposits  of  coal,  consisting  of  vegetable  matter,  formerly  drifted  into 
seas  and  lakes.  These  seas  and  lakes  have  since  been  filled  up,  the  lands 
whereon  tlie  forests  prew  have  disappcnrcd  or  changed  tlieir  form,  the 
rivers  and  curreuts  wliich  floated  the  vegetaijle  ninsses  can  no  long<'r  bo 
traced,  and  the  plants  belonged  to  species  which  for  ages  have  passed 
away  from  the  surface  of  our  planet.  Yet  the  commercial  prosperity, 
and  numerical  strength  of  a  nation,  may  now  be  aiaiitly  dt;pendent  on 
the  local  distribulioa  of  fud  determined  by  thet  ancient  state  of  things. 

Geology  is  mtimately  related  to  almost  all  the  physical  sciences,  as 
history  is  to  the  moral.  An  hislorian  should,  if  possible,  be  at  once  pro- 
foundly acqnainted  with  ethics,  politics,  jurisprudence,  the  military  art, 
theology ;  in  a  word,  with  all  branches  of  knowledge  by  which  any  in- 
sight into  human  aiValrs,  or  into  the  moral  and  intellectual  nature  of  man, 
can  be  obtained.  It  would  be  no  less  desirable  tluit  a  geologist  should 
be  well  versed  in  chemistry,  natural  })hilosophy,  mineralogy,  zoology, 
compantive  anatomy,  botany:  in  short,  in  every  science  relating  to  or- 
ganic and  inorganic  nature.  With  these  accompliahmeiUs,  the  historian 
and  geologist  would  rarely  fail  tu  draw  correct  and  philosophical  oonclu- 
.  sions  from  the  various  monuments  transmitted  to  them  of  former  occur- 
renceSk  They  would  know  to  what  combination  of  causes  analogous 
efiects  were  referable,  and  they  would  often  be  enabled  to  supply,  by 
inference,  information  conceming  many  events  unrecorded  in  the  defect- 
ive archives  of  former  ages.  But  as  such  extensive  acquisitions  are 
soaicely  within  the  reach  of  any  individual,  it  is  necessary  that  men  who 
have  devoted  their  lives  to  different  departments  should  unite  their 
elTcjrts :  and  as  the  historian  receives  assist mce  from  the  antif|unrT,  and 
from  those  who  have  cultivated  diti'erent  branches  of  moral  and  political 
science,  so  the  geologist  should  avail  himself  of  the  aid  of  many  natural- 
ists, and  particularly  of  those  who  have  studied  the  fossil  icmams  ol  i(»t 
species  of  animals  and  plants. 

The  anal<%y,  however,  of  the  monuments  consulted  in  geology,  and 
those  available  in  history,  extends  no  farther  than  to  one  class  of  histor- 
ical monuments— those  which  may  be  said  to  be  tfiM2esi^iierf^ycommem' 
omtive  of  former  events.  The  canoes,  for  example,  and  stone  hatchets 
fpund  in  our  peat  bogs,  afford  an  insight  into  the  rude  arts  and  manners 
of  the  earlieat  inhabitants  of  our  island ;  the  buried  coin  fixes  the  date 
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of  the  reign  of  wmim  RoiDflii  emperor ;  ihe  anoieDt  encampmeot  indicates 
.tbe  disCriete  osoe  occupied  hj  innuiiiig  arnues,  and  the  fonner  method 
of  coDfttmeting  mifitary  defences ;  the  ^ryptian  mammies  throw  light 

on  the  art  of  embalming,  the  rites  of  sepulture,  or  the  average  stature 
of  the  human  race  in  ancient  Egypt.  This  class  of  memorials  yields  to 
no  other  in  authenticity,  but  it  constitutes  a  small  part  only  of  the  re- 
sources on  which  the  historian  relies,  whereas  in  geology  it  forms  the 
f.nlv  kind  of  evidence  which  is  at  our  command.  For  this  reason  we 
must  not  expect  to  obtain  a  full  and  connected  account  of  any  series  of 
cvenki  beyond  the  reach  of  history.  But  the  testimony  of  geological 
monuments,  if  frequently  imperfect,  possesses  at  least  the  advantage  of 
being  free  from  aU  &tentioiial  misrepresentatioii.  We  may  be  deceived 
m  the  inferenoee  which  we  draw,  in  the  same  manner  aa  we  often  mistake 
the  nature  and  unport  of  phenomena  obaerved  m  the  daily  course  of  na* 
tore ;  but  our  lialnUty  to  err  is  confined  to  the  interpretation,  and,  if  this 
be  correct,  our  information  is  certain. 

It  was  long  before  the  distinct  nature  and  legitimate  objects  of  geology 
were  fully  recognized,  and  it  was  at  first  confounded  with  many  other 
l.rir!rb»'s  of  inquiry,  just  as  the  limits  of  history,  poetry,  and  niytholotry 
were  lU-detined  in  the  infancy  of  civilization.  Even  in  Werner's  time, 
or  at  the  close  of  the  eighteenth  century,  geology  appears  to  have  been 
regarded  as  little  other  than  a  subordinate  department  of  mineralogy ; 
and  Desmarest  included  it  under  the  head  of  Physical  Qeograpby.  But 
the  most  common  and  serious  source  of  confusioa  arose  from  the  notion, 
that  it  was  the  business  of  geology  to  diseover  the  mode  in  which  the 
earth  originated,  or,  as  some  imagined,  to  study  the  effects  of  those  cos- 
mologica]  causes  wluch  were  employed  by  the  Author  of  Nature  to 
bring  this  planet  out  <^  a  nascent  and  chaotic  state  into  a  more  perfect 
^  and  habitable  condition.  Hutton  was  the  first  who  endeavored  to  draw 
a  strong  line  of  (!»^marcation  between  his  favorite  science  and  cosmogony, 
for  he  declared  tiiat  geology  was  in  nowise  concemed  "with  questions 
as  to  the  origin  of  things." 

An  attempt  will  be  made  in  the  sequel  of  this  work  to  demonstrate 
that  geology  differs  as  widely  from  cosmogony,  as  speculations  concern- 
ing tbe  mode  of  the  first  oreatioa  of  man  diflfor  from  history.  But*  he- 
fote  enterif^  more  at  large  on  thb  controverted  question,  it  will  he  de- 
airable  to  trace  the  progress  of  opinion  on  this  topic,  ftom  the  eaiiiest 
agen  to  the  commencement  of  the  pfesent  century. 
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CHAPTER  H 

BISrORIOAL  SKVrOB  OF  TBI  PR0QRB8B  OF  OBOIOOT. 

Orioital  CoraiogoDj— HyniM  of  tlM  V^dw  InsUtutei  of  Men(i->Doetrino  of  tiio 

eaotefisive  destruction  and  renovation  of  the  world — Origin  of  this  doctrino« 
Coranion  to  the  Egyptians — Adopted  by  the  Grcf ks — Syst«m  of  Pythaflfnrna —  , 
Of  Aristotle — Dogma«  concerning  the  extinction  and  reproduction  of  genera 
rad  tpcdeo— StnbtyW  theory  of  cleyotion  bj  «urdiqiuket---ninj'*-OoiielDdinx 
Bonwrka  on  tho  Imowlodgo  of  the  Andent^ 

OfiaM  Cfomoff any. —Tnt  earliest  doctrines  of  the  Indian  and  Egyp- 
tian schoob  of  philosophy  agieed  in  ascribing  the  first  creation  of  the 
world  to  an  omnipotent  and  infinite  Being.  They  concurred  also  in  rep- 
resenting this  Being,  who  had  existed  from  all  eternity,  as  having  PS- 
peatedly  destroyed  and  reproduced  the  world  and  all  its  inhaliitants. 
In  the  sacred  volume  of  the  Hindoos,  called  the  Ordinances  of  Menilt, 
comprising  the  Indian  sy«itf  m  of  dutios  roliginus  and  civil,  we  find  a  pre- 
liminary chapter  treating  of  the  Creation,  in  which  the  cosmogony  is 
known  to  have  been  derived  from  earlier  writings  and  traditions  ;  and 
principally  from  certain  hymns  of  high  antiquity,  called  the  Vedas. 
These  hymns  were  first  put  together,  according  to  Mr.  Colebrooke,*  in 
a  connected  series^  about  thirteen  centuries  before  the  Christian  era»  but 
they  appear  from  internal  evidence  to  have  been  written  at  varions  an- 
tecedent periods.  In  them,  as  we  learn  from  the  researches'  of  Profes- 
sor Wilson,  the  eminent  Sanscrit  scholar,  two  distinct  philosophical  sys- 
tems are  discoverable.  According  to  one  of  them,  all  things  were  origi- 
nally brought  into  existence  by  the  sole  will  of  a  single  First  Cause, 
which  existed  from  riernity ;  according  to  the  other,  there  have  always 
existed  two  principles,  the  one  mat«  Hal,  but  without  form,  the  other 
spiritual  and  capable  of  compelling  "  inert  mutter  to  develop  its  sensible 
piujM  riit  This  development  of  matter  into  "individual  and  visible 
exibteneeii"  is  called  creation,  and  is  assigned  to  a  sul^ordinate  agent,  or  the 
cmtive  faculty  the  Supmse  Bang  Mnbodied  in  the  person  of  Brahma. 
'  In  the  first  chapter  of  the  Ordraaoces  of  Mendl  above  alluded  to,  we 
meet  with  the  followmg  passages  relating  to  former  destructions  and 
renovations  of  the  worid : — 

*•  The  Being,  whose  powers  are  incwnprr hensible,  having  created  me 
(Menik)  and  this  universe,  again  became  absorbed  in  the  supreme  spirit, 
changing  the  time  of  energy  for  the  hour  of  repo«o. 

"  When  that  Power  awakes,  then  has  this  world  its  full  expansion  ; 
but  when  he  slumbers  with  a  tranquil  spirit,  then  the  wiiolt!  system 
fades  away  For  while  he  reposes,  as  it  were,  embodied  spirits 

•  Jbssys  on  the  FhHowiiliy  of  the  Bhidooi. 
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endowed  with  principles  of  action  depart  from  their  several  acts,  and 
the  mind  itself  becomes  inert." 

The  absorption  of  all  beings  into  the  Supreme  essence  is  then  de- 
scribed, and  the  Divine  soul  itself  is  said  to  slumber,  and  to  remain  for 
a  time  immersed  in  "  the  first  idea,  or  in  darkness,"  After  which  the 
text  thus  proceeds  (verse  fifty-seven),  "  Thus  that  immutable  power 
by  waking  and  reposing  alternately,  revivifies  and  destroys,  in  eternal  suc- 
cession, this  whole  assemblage  of  locomotive  and  immovable  creatures." 

It  is  then  declared  that  there  has  been  a  long  succession  of  tnanioan- 
taras,  or  periods,  each  of  the  duration  of  many  thousand  ages,  and — 

"  There  are  cr«»tions  also,  and  destructions  of  worlds  innumerable : 
the  Being,  supremely  exalted,  performs  all  this  with  as  much  ease  as  if 
in  sport,  again  and  again,  for  the  sake  of  conferring  happiness."* 

No  part  of  the  Eastern  cosmogony,  from  which  tJiese  extracts  are 
made,  is  more  interesting  to  the  geologist  than  the  doctrine,  so  fre- 
quently alluded  to,  of  the  reiterated  submersion  of  the  land  beneath  the 
waters  of  a  universal  ocean.  In  the  beginning  of  things,  we  are  told, 
the  First  Sole  Cause  "  with  a  thought  created  the  watei-s,"  and  then 
moved  upon  their  surface  in  the  form  of  Brahma  the  creator,  by  whose 
agency  the  emergence  of  the  dry  land  was  effected,  and  the  peopling 
of  the  earth  with  plants,  animals,  celestial  creatures,  and  man.  After- 
wards, as  often  as  a  general  conflagration  at  the  close  of  each  manwan- 
tara  had  annihilated  every  visible  and  existing  thing,  Brahma,  on 
awaking  from  his  sleep,  finds  the  whole  world  a  shapeless  ocean.  Ac- 
cordingly, in  the  legendary  poems  called  the  Puranas,  composed  at  a 
later  date  than  the  Vedas,  the  three  first  Avatare  or  descents  of  the 
Deity  upon  earth  have  for  their  object  to  recover  the  land  from  the 
waters.  For  this  purpose  Vishnu  is  made  successively  to  assume  the 
form  of  a  fish,  a  tortoise,  and  a  boar. 

Extravagant  as  may  be  some  of  the  conceits  and  fictions  which  dis- 
figure these  pretended  revelations,  we  can  by  no  means  look  upon  them 
as  a  pure  effort  of  the  unassisted  imagination,  or  believe  them  to  have 
been  composed  without  regard  to  opinions  and  theoriea  founded  on  the 
observation  of  Nature.  In  astronomy,  for  instance,  it  is  declared  that, 
at  the  North  Pole,  the  year  was  divided  into  a  long  day  and  night,  and 
that  their  long  day  wjis  the  northern,  and  their  night  the  southern 
course  of  the  sun  ;  and  to  the  inhabitants  of  the  moon,  it  is  said  one 
day  is  equal  in  length  to  one  month  of  morUils.f  If  such  statements 
cannot  be  resolved  into  mere  conjectures,  we  have  no  right  to  refer  to 
mere  chance  the  prevailing  notion  that  the  earth  and  its  inhabitants  had 
formerly  undergone  a  succession  of  revolutions  and  aqueous  catastrophes 
interrupted  by  long  intervals  of  tranquillity. 

Now  there  are  two  sources  in  which  such  a  theory  may  have  origi- 
nated.   The  marks  of  former  convulsions  on  every  part  of  the  surface  of 

•  Institutes  of  Hindoo  Law,  or  the  OrdinADces  of  Menti,  from  the  Sanficritt 

translated  \>y  Sir  William  Juneo,  1796. 
f  Mend,  in»L  c  L  66,  and  67. 
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our  planet  nre  obvious  nnd  strikinq^  The  remains  of  marine  animals 
imbedded  in  the  solid  strata  are  so  abundant,  that  they  may  be  expected 
to  force  tbemselv^  on  the  atteution  of  every  people  wlio  have  niado 
some  progress  in  refinement ;  and  especially  where  one  class  of  men 
are  expressly  set  apart  from  the  rest,  Uke  the  ancient  priesthoods  of 
India  and  B^pt,  for  study  and  ccmtemplaticm.  If  theae  app^uanoea 
are  once  recognind,  it  seems  natural  that  the  mind  sboold  condude  in 
favor,  not  only  of  nughty  chai^pes  in  past  ages,  but  of  alternate  periods 
of  repose  and  diaord^ ; — of  repose,  when  the  animals  now  fossil  lived, 
c;rew,  and  multiplied — of  disorder,  when  the  strata  in  which  they  were 
buried  became  transferred  fmn  the  sea  to  the  interior  of  continents,  and 
were  uplifted  so  as  to  foi  ni  j  arl  of  high  mountain-clinins.  Those  raod- 
ern  writers,  who  are  dl^J»o^td  to  disparage  the  lonuer  intellectual 
advancement  and  civilization  of  Eiistem  nations,  may  concede  some 
foundation  of  observed  facts  for  the  curious  theories  now  under  condd* 
eration,  without  indulging  in  exaggerated  opinions  of  the  progress  of 
scienee ;  especially  as  universal  catastrophes  of  the  world,  and  exter- 
minations of  oigame  bangs,  in  the  sense  in  which  Ihey  were  undeistood 
by  the  Brahmins,  are  untenable  doctrines. 

We  know  that  the  Egyptian  priests  were  aware,  not  only  that 
tlic  .soil  beneath  the  plains  of  the  Nile,  but  that  nlso  the  bills  bounding 
the  great  \ alley,  contained  marine  shells;  and  Herodotus  inferred 
from  theiie  fucU,  that  all  lower  Kgvpt,  and  even  the  high  lands  above 
Memphis,  had  once  been  covered  by  the  sea.*  As  similar  fossil 
remains  occur  in  all  parts  of  Asia  hitherto  explored,  far  in  the 
interior  of  the  oontinent  as  well  as  near  ibe  sea,  they  eonld  hardly 
have  escaped  detectiou  by  some  Eastern  sagea  not  less  oapaUe 
than  the  Greek  historiaa  of  reasonmg  philosophically  on  natuial  phe- 
Bomena. 

We  also  know  that  the  rulers  of  Asia  were  engaged  in  very  remote 
eras  in  executing  great  national  works,  such  as  tanks  and  canals,  re- 
quiring extensive  excavations.  In  the  fourteenth  century  of  our  era 
(in  the  year  the  removal  of  soil  necessary  for  such  undertakings 

brouglit  to  light  geological  facts,  which  attracted  the  attention  of  a  peo- 
ple less  civilized  than  were  many  of  the  older  nations  of  the  East.  The 
historian  Ferishta  relates  that  fifty  thousand  laborers  were  employed 
in  cutting  through  a  mound,  40  as  to  form  a  junction  between  the  riven 
Selima  and  Sutkj ;  and  in  this  mound  were  found  the  bones  of  ele> 
phants  and  men,  some  of  them  petrified,  and  some  of  them  resembling 
bone.  The  gigantic  dimensions  attributed  to  the  human  bones  show 
them  to  have  belonged  to  some  of  the  larger  pachydermata.f 

But,  although  the  Brabnains,  like  the  priests  of  Egypt,  may  have 

•  ITt  roilof.  Kufrppe,  12. 

f  A  PcfiMHii  MS.  copv  of  the  historian  Feriebta,  in  the  Ubrary  of  the  East  India 
Compnny.  relating  in  the  riaa  and  Drogressctf  the  Habomedan  empire  in  India,  wm 

C cured  by  Colonel  Rrii;:^s  from  tiit?  library  of  TipfKio  Sultan  in  1799  ;  which  bai 
n  referred  to  at  somu  length  by  Dr.  Bucklojid.   (QeoL  Trans.  2d  Serieii  voL 
a.  part  m.  p.  889.) 
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been  acquainted  with  the  exbtence  of  fossil  remains  in  the  strata,  it  l> 
possible  that  the  doctrine  of  successive  destructions  and  renovntions  of 
the  world,  merely  received  corroboration  from  such  proofs  ;  and  that  it 
may  have  been  originally  handed  down,  like  the  religioiis  traditions  c/L 
moat  mlsuna,  from  a  ruder  state  of  society.  The  system  may  have  bad 
Ha  sooroe,  in  part  at  least,  in  exaggerated  accounts  of  those  dreadful 
catastrophes  wbicb  are  occasioned  by  particular  combinations  of  natural 
causes.  Floods  and  Tolcaoio  eruptions,  the  agency  of  water  and  firo, 
are  the  ^bief  instruments  of  devastation  on  our  globe.  We  shall  point 
ont  in  \ho  sequel  the  extent  of  many  of  these  calamities,  reeurrin;^  at 
distant  intervals  of  time,  in  the  present  course  of  nature  ;  and  shall  only 
observe  ht-re,  that  they  are  so  peculiar jy  calculated  to  inspire  a  lasting 
terror,  and  are  so  often  fatal  in  their  consequences  to  great  multitudes 
of  people,  that  it  scarcely  requires  the  passion  for  the  marvellous,  so 
ehttaeterbtic  of  mde  and  balf-civiliaed  nations,  still  less  the  ezobouit 
inu^nation  of  Baslein  writers,  to  augment  them  into  genersl  cataolysma 
and  conflagrations. 

The  great  flood  of  the  Chinese,  which  their  trsditions  carry  back  to 
the  period  of  Yaou,  something  more  than  2000  years  before  our  era,  has 
been  identified  by  some  persons  with  the  universal  deluge  described  in 
the  Old  Testament ;  but  according  to  Mr.  Davis,  who  accompanied  two 
of  our  erabjissies  to  China,  and  who  has  carefully  e:Kamined  their  writ- 
ten accounts,  the  Chinese  cataclysm  is  therein  described  as  interrupting 
the  business  of  agriculture,  rather  than  as  involving  a  general  destruc- 
tion of  the  human  vace.  The  great  Yn  was  celebrated  for  having 
'*  opened  nine  channels  to  draw  off  the  waters,*'  which  **  covered  the 
low  bills  and  bathed  the  foot  of  the  highest  mountams.*'  Mr.  Davis 
K^lgests  that  a  great  derangement  of  waters  of  the  Yellow  River,  one  of 
the  largest  in  the  world,  ihight  even  now  cause  the  flood  of  Y.iou  to  be 
repeated,  and  lay  the  most  fertile  and  populous  plains  of  China  under 
water.  In  modern  times  the  bursting  of  the  banks  of  an  artificitd  canal, 
into  which  a  portion  of  the  Yellow  River  has  been  turned,  has  repeat- 
edly given  rise  to  the  most  dreadful  accidents,  and  is  a  source  of  per- 
petual anxiety  to  the  government.  It  is  easy,  therefore,  to  imagine 
bow  much  greater  may  have  been  the  inundation,  if  this  valley  was 
ewe  convulsed  by  a  violent  earthquake.* 

HnmboMt  rebtes  the  mteresting  fact  that*  after  the  annibilatioD  of  a 
laige  part  of  the  inhabitants  of  Cumana,  by  an  earthquake  in  1766,  a 
season  of  extrsor^nary  fertility  ensued,  in  consequence  of  the  great 
tains  which  accompanied  the  subterranean  convulsions.  "  The  Indians," 
he  says,  "  celebrated,  after  the  ideas  of  an  antique  superstition,  by  fes- 
tivals and  dancing,  the  destmction  of  the  world  and  the  approaching 
epo-'h  of  Its  regeneration."! 

The  existence  of  such  rite^  among  the  rude  nations  of  South  Amer- 

•  s;. .  D  ivls  on  "  Tl.e  Obiiiew,"  pnUtthsd  by  the  Soa  for  the  mOoM.  of  Vm, 
Know,  rol  i.  pp.  137,  147. 
f  HambuMt  et  Bonplaiid,  Ycy.  Bdat  Hiat.  voL  L  pL  sa 
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ica  IS  most  important,  as  showinsf  what  effects  maybe  produced  by  local 
catastrophes,  recurring  at  distant  intervals  of  time,  on  the  minds  of 
a  barbarous  and  uncultivated  race.  I  shall  point  out  in  the  sequel  how 
tiie  traction  of  a  deluge  amoog  the  Atbiuaiiuui  Indioui  may  be  ex- 
plained, bj  reference  to  great  earthquake-waves  wbieli  have  repeatedly 
rolled  over  part  of  Chili  anee  the  lint  recorded  flood  of  1590.  (See 
chap.  29,  Book  II.)  The  legend  also  of  the  ancient  Peruvians  of  an 
inundataon  many  years  before  the  reign  of  the  Incas,  in  wbieh  only  six 
persons  were  saved  on  a  float,  relates  to  a  region  which  has  more  than 
once  been  overwhelmed  by  inroads  of  the  ocean  since  the  dnys  of  Pizar- 
ro.  (Chap.  29,  Book  II.)  I  might  refer  the  reader  to  niy  account  of 
the  submercfence  of  a  wide  area  in  Cuteh  so  lately  as  the  year  1819, 
when  a  single  tower  only  of  the  fort  of  Sladree  appe&red  above  the 
mste  of  waters  (see  Chap.  28,  Book  II.),  if  it  were  necessary,  to  prove 
bowea^iily  the  catastrophes  of  modem  times  might  give  rise  to  traditionaty 
narratives,  among  a  rude  people,  of  floods  of  boundless  extent.  Nations 
vrithont  written  records,  and' who  are  indebted  for  all  their  knowledge  of 
past  events  exduaivdy  to  oral  tradition,  are  in  the  habit  of  confounding  ' 
In  one  legend  a  seifies  of  Incidents  which  have  happened  at  various 
epochs ;  nor  must  we  for^rei  that  the  superstitions  of  a  savage  tribe  are 
transmitted  throui:^h  all  the  prorrressivc  sta^ijes  of  society,  till  they  exert 
a  powerful  influence  on  the  mind  of  tlie  pliilosopher.  Ho  may  tind,  in 
the  monuments  of  former  chang.  s  on  the  earth's  surfac*',  an  apparent 
confirmatiun  of  tenets  handed  down  thiuugli  bucce&sive  generations, 
from  the  rude  hunter,  whose  terrified  imagioatba  drew  a  false  picture 
of  those  awful  visitations  of  floods  and  earthqoakes,  whereby  the  whole 
earth  as  known  to  him  was  Mmnltaneoudy  devastated. 

EffypUan  Comoffony. — Respecting  the  cosmogony  of  the  Egyptian 
priests,  we  gather  much  information  from  writers  of  the  Orecian  sects» 
who  borrowed  almost  all  their  tenets  from  Egypt,  and  amongst  others 
that  of  the  former  successive  destruction  and  ren(>^^fion  of  the 
world.*  We  lenrn  from  Plutarch,  that  this  was  the  tlieme  of  one  of 
the  hvmns  of  Orpheus,  so  celebrated  in  tlio  fabulous  af^es  of  Greece. 
It  was  brought  by  him  from  tlie  banks  of  the  Kile ;  and  we  even  lind 
in  bis  verses,  as  in  the  In^an  systems,  a  definite  period  assigned  for 
the  duration  of  each  successive  world.t  The  returns  alt  great  eatas* 
trophes  were  determined  by  the  period  of  the  Annus  Magnus,  or 
great  year, — a  cycle  composed  of  the  revolutions  of  the  snn,  moon, 
and  planets,  and  terminating  when  these  retnm  together  to  the  same 
sign  whence  they  were  supposed  at  some  remote  epoch  to  have  set  out. 
The  duration  of  this  great  cycle  was  variously  estimated.  Accordini::^  to 
Orpheus,  it  was  120,000  years;  accordin-^  to  others,  300,000;  and  by 
Cassander  it  was  taken  to  be  360,000  years.]; 

•  Prichard'a  Ef^t  My  thoL  p  177. 

!■  Pint,  rit?  Dcfortu  Oroculorum,  csp  18.  OenaoriinM  ds  Die  KstaU.  Sm  alsc 
ftichartl's  fept.  MythoL  p.  182. 
%  Wi^Mxi%>Sia^  MjtiioL  18S. 
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We  learn  particularly  from  the  Timceus  of  Plato,  that  the  Egyptians 
believed  the  world  to  be  subject  to  occasional  conflagrations  and 
deluges,  whereby  the  gods  arrested  the  career  of  human  wickedness, 
and  purified  the  earth  from  guilt.  After  each  regeneration,  mankind 
were  in  a  state  of  virtue  and  happiness,  from  which  they  gradually 
degenerated  again  into  vice  and  immorality.  From  this  Egyptian 
doctrine,  the  poets  derived  the  fable  of  the  decline  from  the  golden  to 
the  iron  age.  Tlie  sect  of  Stoics  adopted  most  fully  the  system  of  ca- 
tasslrophes  destined  at  certain  intervals  to  destroy  the  world.  Those 
they  taught  were  of  two  kinds; — the  Cataclysm,  or  destruction  by 
urater,  which  sweeps  away  the  whole  human  race,  and  annihilates  all 
the  animal  and  vegetable  productions  of  nature ;  and  the  Ecpyrosis,  or 
destruction  by  fire,  which  dissolves  the  globe  itself.  From  the  Egyp- 
tians also  they  derived  the  doctrine  of  the  gnidual  debasement  of  man 
from  a  stiite  of  innocence.  Towards  the  termination  of  each  era,  the 
gods  could  no  longer  bear  with  the  wickedness  of  men,  and  a  shock  of 
the  elements  or  a  deluge  overwhelmed  them ;  after  which  calamity, 
Astrea  again  descended  on  the  earth  to  renew  the  golden  age.* 

The  connection  between  the  doctrine  of  successive  catastrophes  and 
repeated  deteriorations  in  the  moral  character  of  the  human  race  is  more 
intimate  and  natural  than  might  at  first  be  imagined.  For,  in  a  rude 
state  of  society,  all  great  calamities  are  regarded  by  the  people  as  judg- 
ments of  God  on  the  wickedness  of  man.  Thus,  in  our  own  time,  the 
priests  persuaded  a  large  part  of  the  population  of  Chili,  and  perhaps 
believed  themselves,  that  the  fatal  earthquake  of  1822  was  a  sign  of  the 
wrath  of  Heaven  for  the  great  political  revolution  just  then  consum- 
mated in  South  America.  In  like  manner,  in  the  account  given  to  Solon 
by  the  Eg}'ptian  priests,  of  the  submersion  of  the  island  of  Atlintis 
under  the  waters  of  the  ocean,  after  repeated  shocks  of  an  earthquake, 
we  find  that  the  event  happened  when  Jupiter  had  seen  the  moral  de- 
pravity  of  the  inhabitants.!  Now,  when  the  notion  had  once  gained 
ground,  whether  from  causes  before  suggested  or  not,  that  the  earth 
had  been  destroyed  by  several  general  catastrophes,  it  would  next  be  in- 
ferred that  the  human  race  had  been  as  often  destroyed  and  renovated. 
And  since  every  extermination  wsts  assumed  to  be  penal,  it  could  only 
be  reconciled  with  divine  justice,  by  the  supposition  that  man,  at  each 
successive  creation,  was  regenenited  in  a  state  of  purity  and  innocence. 

A  very  large  portion  of  Asia,  inhabited  by  the  earliest  nations,  whose 
traditions  have  come  down  to  us,  has  been  always  subject  to  tremen- 
dous earthquakes.  Of  the  geographical  boundaries  of  these,  and  their 
efliects,  I  shall  speak  in  the  proper  place,  Egypt  has,  for  the  most 
part,  been  exempt  from  this  scourge,  and  the  Egyptian  doctrine  of  great 
catjistrophes  was  probably  derived  in  part,  as  before  hinted,  from  early 
gvological  obsei^vations,  and  in  part  from  Eastern  nations. 

PytJiagorean  Doctrines. — Pythagoras,  who  resided  for  more  than 


•  Prichard's  Rgypt  Mytbol.  p  193. 


f  Plato'*  Timsus. 
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twenty  years  in  Egypt,  and,  acconlin^j  to  Ciri  in,  Imd  visited  the  E;ist, 
and  conversed  with  the  Persian  piiiiur.uphers,  introduced  into  own 
country,  un  his  return,  tiie  doctrine  uf  the  gradual  deterioration  oi  tlie 
human  race  from  an  origiua]  state  of  virtue  and  happiness ;  but  if  we 
are  to  judge  of  hi*  theory  coaoertung  the  destnietioB  and  renovation  of 
the  eaith  from  the  eketeh  given  hy  Ovid»  we  must  eooeede  it  to  have 
been  far  mdre  philoeophical  than  any  known  veiwm  oC  the  eounogoniei 
(tf  Oriented  or  Egyptian  sects. 

Although  Pjth^oras  is  introduced  by  the  poet  as  delivering  his  doc- 
trine in  person,  some  of  the  illustrations  are  derived  from  natunil  events 
which  happened  after  the  death  of  tlie  philosopher.  But  notwithstana- 
ini^  these  anachronisms,  we  may  regard  the  account  as  a  true  picture  of 
the  tenets  of  the  Pythagorean  bchool  in  the  Augustan  age;  and  al- 
though perhaps  partially  modified,  it  must  have  contaio^  the  substance 
of  the  original  scheme.  Thus  oontidered,  it  ia  extremd/  enrious  imd 
instinctive ;  for  we  hen  find  a  comprehensive  summaiy  of  ahnost  all 
the  gteat  canaes  of  obange  now  in  activity  on  the  globe,  and  these  ad- 
duced in  confirmation  of  a  principle  of  a  perpetnal  and  gradual  revolu- 
tion inherent  La  the  nature  of  our  terrestrial  system.  These  doctrines,  it 
is  true,  ;\re  not.  directly  applied  to  the  explanation  of  geological  pheno- 
mena; or,  in  other  words,  no  attempt  is  made  to  estimate  what  inny 
have  been  in  past  n-i  what  tnay  hereafter  be,  the  aggregate  amount 
of  chtuige  bruught  u^kjuI  by  such  nevcr-ciidiag  tldctuaLioub.  Hud  this 
been  the  case,  we  might  have  been  called  upon  to  admire  so  extraordi- 
nary an  anticipation  with  no  less  inteteat  than  astronomen*  when  they 
endeavor  to  define  by  what  means  the  Samian  philosopher  came  to  the 
knowledge  of  the  Copemican  system. 

Let  us  now  etamine  the  celebrated  passages  to  which  we  have  heea 
adverting 

"  Nothing  perish<^s  in  this  world  ;  hut  things  merely  vary  and  change 
their  form.  To  be  born,  means  simply  that  a  thing  begins  to  be  some- 
thing diflerent  from  what  it  was  before  ;  and  dying,  is  ceasing  to  be 
the  banie  thing.  Yet,  although  nothing  retains  long  the  same  image, 
the  sum  of  the  whole  remains  constant."  Those  general  propositions 
are  then  eoofirmed  by  a  series  of  examples,  all  derived  from  natural 
appeaianeea,  except  Uie  firsts  which  refers  to  the  golden  age  giving 
place  to  the  age  of  iron.  The  iUustrations  are  thus  oonseeutively  ad- 
duced. I 

1.  Solid  land  has  been  converted  into  sea. 

2.  Sea  has  been  changed  into  land.  Marine  .shells  lie  far  distant 
from  the  deep,  and  the  anchor  has  been  found  on  the  sumnvit  of  hills. 

3.  Valleys  have  been  excavated  by  running  water,  and  liouds  have 
washed  down  hills  mto  the  sea^f 

♦  Ovid't  K«tainor.  lib.  15. 

f  Eluvie  mons  est  deductus  in  scquor,  v.  267.  The  Tn<»nTi!nf»  of  this  ]nni  vorM 
is  Munevliat  obacure;  but,  taken  with  the  coutexl,  uiay  Us  supposed  to  allude  tc 
tiie  ahndaig  powsr  of  fiood%  tonenl^  and  riven. 
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4.  Marshes  hare  become  dry  ground. 

5.  Dry  landvhave  been  chan^^fd  intosUignant  pools. 

0.  During'  enrthquakes  some  springs  have  been  closed  up,  and  new 
ones  have  broken  out.  Rivers  have  deserted  their  cbnnnels,  and  have 
been  re-bom  el&ewhere,  as  the  Erasiou^  in  Greece,  and  Mysus  in  A&ia. 

7.  The  waters  of  some  rivers,  fornwily  swoet,  have  become  bitter ; 
at  iboie  of  the  Anlgris*  in  Oieece,  Ae,* 

8.  Islands  have  become  eomiected  irith  the  mainland  by  the  growth 
of  deltas  and  new  deposits ;  as  in  the  ease  of  Antissa  joined  to  Lesbos* 
Pbftros  to  Egypt,  <tc. 

9.  Peninsulas  have  been  divided  from  the  main  land,  and  have  be> 
come  blands,  as  Leucadia ;  and  according  to  tradition,  Sicily,  the  sea 
baring  carried  away  the  istJimus, 

1 0.  Land  has  been  submerged  by  earthquakes ;  the  Grecian  cities  of 
Ilelice  and  Burls,  for  example,  are  to  be  seen  under  the  sea,  with  their 
walU  inclined. 

11.  Plains  hare  been  upheaved  into  hills  b^  the  confined  air  seeking 
▼ent;  as  at  Tkemne  in  the  Peloponnesus. 

12.  The  temperatnre  of  some  springs  variea  at  different  periods.  The 
waters  ol  others  are  inflammable.f 

13.  There  are  streams  which  have  a  petrifying  power,  and  oonvert 
the  substances  which  they  touch  into  marble. 

14.  Extraordinary  medicinal  and  deleterious  effects  are  prodooed  by 
the  water  of  different  lakes  and  sprinf^^  "j; 

15.  Some  rocks  and  islands,  after  tloating  and  having  been  subject 
to  viijlent  nio\  cmeols,  have  at  length  become  stationary  and  immovable ; 
at»  Delos  and  the  Cyanean  I>>le.s.§ 

10.  Volcanic  vents  shift  their  position  ;  there  was  a  time  wheu  Etna 
waa  not  a  burning  mountain,  and  the  tune  will  come  when  it  will  oeose 
Id  bom.  Whether  it  be  that  some  caYetns  beeome  dosed  up  by  the 
movements  of  the  earth,  and  others  opened,  or  wheth^  the  fuel  is  finally 
dliansted,  dtc,  Ac. 

The  various  causes  of  change  in  the  inanimate  world  having  been  thus 
enumerated,  the  doctrine  of  equivocal  generation  is  next  propounded,  as 
iUustnting  a  eorresponding  perpetual  flux  in  the  animate  creation.) 

*  TTie  impro?T].itIon  from  ne\^  mineral  ^iljllga^  OMIied  by  MliliqiiakM  in  Vol* 
canic  oouotnes,  is  perhope  here  alludeii  to. 

f  That  u  probably  an  aUnaion  to  the  escape  of  inflaniiDable  gaa,  Uke  that  in 
tbe  (h'^trict  of  Baku,  west  of  the  OnpisBi  at  Fietnuoala,  in  the  Tnacsnikpea- 
niaea ;  and  aereral  other  j^acea. 

t  Many  of  tboie  dataribed  aeem  tmcifbl  letioos,  like  tha  vtrtna  atiil 
IDodIv  attributt^-d  to  niiricral  waters. 

§  kaspe,  io  a  learned  and  judicious  eaaay  (De  Novis  Iiisulis,  cap.  19^,  has  niadi) 
it  appear  artrvnely  probaUa  that  all  the  traditionaof  eertain  islands  in  the  Med- 
itrrrantuTi  hn-.  ti)^  at  nouw  former  time  frequently  shifted  their  positionf,  tiiid  at 
length  becuwe  stationary,  originated  in  the  great  change  produced  in  their  form 
by  earthqnalcea  and  submarioe  eraptioni,  of  whidi  tb^e  nave  bMD  modem  ex- 
amples in  til'-  new  blaodi  rnisod  in  the  tirn  '  <  f  liistorj.  Whan  the  wriiM  of  oun* 
▼ttUtoos  ended,  the  island  was  said  to  becoute  tixed. 

I  It  is  not  InoomiitoDt  wilh  the  Hindoo  gnjtholog^  to  suppose  that  Pythagocai 
m^have  iDund  In  th*  East  not  only  tha  tytteia  of  nnivenal  ard  violoat  catsa 
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In  the  Egyptian  and  Eastern  cosmorrnnies,  and  in  the  Greek  versior 
of  thrm,  no  very  definite  meaning  can,  in  general,  be  Attached  to  the 
term  "  dcBtruclion  of  the  world  for  sometimeii  it  would  Reem  almost 
to  imply  the  annihilation  of  our  plam  tary  system,  and  at  others  a  mere 
revolution  of  the  surface  of  the  earth. 

OfiMom  ofArUtoUe. — ^Frou  the  works  now  eitaiit  of  Aristotle,  and  • 
from  the  sjsiein  of  P jthngoras,  as  above  exposed,  we  might  oertsioly 
infer  that  these  phUosophers  oonsidered  the  agents  of  change  now  oper- 
aUog  in  nature,  as  capable  of  bringing  abont  in  the  hipse  of  ages  a  eom« 
plete  revolution  ;  and  the  Stagyrite  even  considers  occasional  catastro- 
phes, happening  at  distant  intervals  of  time,  as  part  of  the  regular  and 
ordinarv  course  of  nature.  Th"  tl^'luu^e  of  Deucalion,  he  savs,  afl'ccted 
Greece  only,  and  principally  tii'  {>  irt  ealleil  Hellas,  and  it  arose  from 
great  inundations  of  rivers,  duiiog  a  rainy  winter.  I'ut  such  extraordi- 
nary winters,  he  says,  thougu  jifter  a  certain  period  they  return,  do  not 
always  revisit  the  same  places.* 

Censorinns  quotes  it  as  Aristotle's  ojunioii  «]iat  th'ere  were  general 
muodatlons  of  the  globSi  and  that  they  alternated  with  conflagraUons ; 
and  that  the  flood  constituted  the  winter  of  the  great  year,  or  astro- 
nomical cycle,  while  the  conflagration,  or  destruction  by  fire,  »  the 
SUQUneri  or  period  of  greatest  hcat.f  If  this  passage,  as  Lipsius  sup- 
poses, be  an  Hmplificatifm,  by  Censorinus,  of  ^vhat  wrtttcn  in  *' the 
Meteories,"  it  is  a  gross  misrepresentaiiun  of  the  dooirme  of  the  Sta^jy- 
rite,  for  the  iijem-ral  bearing  of  liis  reasoniiii^  in  that  treatise  tcndb  cle  iHv 
in  an  o{>i)nsite  direction.  Ho  refers  to  many  examples  of  changCis  iimv 
constantly  going  on,  and  insists  emphatically  on  the  great  results  which 
they  most  produce  in  the  lapse  of  ages.  He  instances  particular  cases 
€f  lakes  that  had  dried  up,  and  deserts  that  had  at  length  become 
watered  by  riirers  and  fertilised.  He  points  to  the  growth  of  the 
Nilotic  Delta  since  the  time  of  Homer,  to  the  shallowing  of  the  Palus 
Msotis  within  axty  years  from  his  own  time ;  and  although,  in  the 
same  chapter  he  says  nothing  of  earthquakes,  yet  in  others  of  the  same 
treatise  he  shows  himself  not  unacquainted  with  their  effects.^  lie 
alludes,  for  example,  to  the  upheavini:^  of  one  of  the  Eolian  islands 
previous  to  a  volcanic  eruption.  "The  chanL^es  ijf  tlie  earth,"  he  says, 
**  are  so  slow  in  comparison  to  the  duration  oT  our  lives,  thuL  they  are  over- 
looked (Xav^avei) :  and  the  migrations  of  people  after  great  catastrophes, 
and  their  removal  to  other  regions,  cause  the  event  to  be  forgotten.'*§ 

trophcs  nnd  pt?ri<»d9  of  repose  in  endless  pnccp«^sion.  hut  aho  that  of  periodical 
revolutions,  etfected  by  tlio  continued  agency  of  ordinary  aiuoes.  Fur  Brulnna, 
Vithott,  and  i^i vo,  the  first,  second,  and  third  p-  r^.  >ih  o(  the  Hindoo  triad,  pevcrally 
represented  the  Crralivc,  tlx-  Preserving,  and  the  Destroying  powers  of  the 
ity.  The  coexistence  vi  these  three  attributes,  all  in  simultuncous  o|K>r8ti«>o, 
might  well  accord  with  the  notion  of  perpetual  but  partial  alterations  finally  bring- 
ini^  a^xitit  11  (  oinplcti'  change.  Hut  t\\v  fiction  expre««ed  in  the  verses  before  quoted 
from  Menu  ^'  eteroal  vidasitudcii  in  the  vigils  and  !>luiabera  of  Hrnhma  ceeins  ac- 
oomniodated  totlieiyvteinof  great  general  catastrophes  foUowod  by  new  crcntioot 
and  periods  of  rep*w.  *  Meteor,  iib,  i.  cap.  11?  f  fte  I)ie  Nat. 

I  Uh.  li.  cap.  14,  16,  and  Id.  g  Lib.  ii.  cap.  14,  15,  and  16. 
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When  we  coosider  the  acquaintance  displayed  by  Aiktotle,  in  his 
various  works,  with  the  destroying  and  renovating  powers  of  Nature, 
the  introductory  and  concUidinfr^  passa»^ps  of  the  twelfth  chapter  of  his 
"  Meteorics"  are  certainlv  vory  remarkable.  In  tlie  firet  sentence  be 
says,  "  The  dibtribuiion  of  land  and  sea  in  particular  regions  does  not 
endure  throu^jhout  nil  time,  but  it  beconies  sea  in  those  parts  where 
it  was  land,  and  aguia  ii  becumes  land  where  it  was  sea:  and  there  is 
reason  for  thinking  that  these  changes  take  place  accordmg  to  a  cer- 
tain aystmn,  and  within  a  oeftain  period."  Tlic  e<^cluding  oheervation 
is  aa  follows : — Aa  time  never  fails,  and  the  universe  is  etenud,  neither 
the  T&naia,  nor  the  Kile,  can  have  flowed  forever.  The  plaees  where 
they  rise  were  onoe  diy,  and  there  is  a  limit  to  their  operatboa ;  but 
there  is  none  to  time.  So  also  of  all  other  rivers  ;  they  spring  up,  and 
ihey  perish  ;  and  the  sea  also  continually  deserts  some  lands  and  in- 
vades others.  Tlic  same  tracts,  therefore,  of  the  earth  are  not,  some 
always  sea,  and  others  always  ooatinents,  but  every  tbiog  changes  in 
the  course  of  timi^." 

It  seems,  then,  that  the  Greeks  had  not  only  derived  from  preced- 
ing nations,  but  had  also,  in  some  slight  degree,  deduced  from  their 
own  observatbns,  the  theory  of  periodical  revolutions  in  the  inorgauio 
world :  there  isi  however,  no  ground  for  imagining  that^they  contem- 
plated fonner  changes  in  the  races  of  animals  and  pUmts.  Even  the 
fact  that  marine  remains  were  inclosed  in  solid  rocks,  although  ob- 
served by  some,  and  even  made  the  gromidwork  of  geological  specu- 
lation, never  stimulated  the  industry  or  guided  the  inquiries  of  natural- 
ists. It  is  not  impossible  th  at  the  theory  of  equivocal  [generation  miffht 
have  engendered  some  itidilference  on  this  subject,  and  that  a  belief  in 
the  spontaneous  production  of  living  heinous  from  the  earth  or  corrupt 
matter,  might  have  cau^ied  the  organic  world  to  appear  ^  unstable 
and  fluctuating,  that  phenomena  indicative  of  former  changes  would 
not  awaken  intense  curiosity.  The  Egyptians,  it  ia  true,  had  taitght, 
and  the  Stoics  had  repeated,  thai  the  earth  had  once  given  birth  to 
tone  monstrous animala,- which  existed  no  longer;  but  the  prevaifing 
opinioQ  seems  to  have  been,  that  after  each  great  catastrophe  the  same 
spacies  of  animala  were  created  over  again*  This  tenet  is  implied  in  a 
paasage  of  Seneca,  where,  speaking  of  a  future  dduge,  he  says,  "  Eveiy 
animal  shall  be  generated  anew,  and  man  free  from  guilt  shall  be  given 

to  the  earth.'  * 

An  old  Arabian  version  of  the  doctrine  of  the  successive  revoluiions 
of  the  globe,  tran.slated  by  Abraham  Ecchellen^i.-.f  seems  to  form  a 
singular  e.xception  to  the  general  rule,  for  here  wc  find  the  idea  of  dif- 
ferent geaera  and  species  having  been  created.   The  Gerbanites,  a  sect 

*  Unme  ex  integro  animal  gtfierslntar,  dabitarque  tsrris  homo  inadiu  uels- 

ram. — Qnipot.  Xat.  iii.  c.  29. 

I  This  uulhor  wm  Regiw  Professor  of  Syriac  and  Arabic  at  Piiris.  wlure,  ia 
268flwhe  published  a  Latin  translation  of  many  Arabinn  MSS.  on  ditrerent  de- 
partmoiit*  of  philoaophy.  TbU  work  baa  always  been  conaidttred  of  hi^h  auibority. 


Digitized  by  Google 


14 


SPBCITLATIOKB  OF  BIKABO. 


(Oaa 


of  astronomers  who  flourished  some  centuries  before  the  Christian  era, 
taught  08  follows : — "  That  afler  every  period  of  thirty-six  thousand 
four  hundred  and  twenty-five  years,  there  were  produced  a  pair  of 
cL'cry  specie^  of  animal,  both  male  and  female,  from  whom  aoimali 
might  be  propagated  and  inhabit  th»  lower  world.  But  when  a 
cttiation  of  the  heavenly  orbs  was  oomplctedp  which  is  finished  in  that 
space  of  years,  o^ker  genera  and  epeeieB  of  animals  are  propagated,  aa 
also  of  2^ts  and  other  things/ and  the  first  order  is  destroyed,  and  so 
it  goes  on  forever  and  ever."* 

Theory  of  Straho. — As  we  learn  much  of  the  tenets  of  the  EgypUan 
nnd  Oriental  s^chools  in  the  writinLj^^s  of  the  Greek-<.  '^o,  manv  specula- 
tions of  the  early  Greek  authors  are  made  known  to  u.s  in  the  works  of 
the  Augustan  and  later  ages.  iStrabo,  in  particular,  enters  largely,  in 
the  second  book  oi  his  Geography,  into  the  oj^inions  of  Eratosthenes  and 
other  Greeks  on  one  of  tlie  most  diflicuU  problems  in  geology,  viz.,  by 
what  causes  marine  shells  came  to  be  plentifully  buried  in  the  earth  at 
anch  great  elerations  and  distances  fn^  the  sea. 

He  notices,  amongst  others,  the  explanation  of  Xanthns  the  Lydiaii» 
who  said  that  the  seas  had  once  been  more  extensive*  and  that  they  had 
afterwards  been  partially  dried  up,  as  in  his  own  time  many  lakes,  rivers, 
and  weUs  ui  Aua  had  failed  daring  a  season  of  drought  Treating  this 
conjecture  with  merited  disregard,  Strabo  passes  on  to  the  hypothesis 
of  Strato,  the  natural  pliilosopher,  who  had  o}>s<'rved  that  the  (juantity 
of  mud  brought  down  by  rivers  into  the  Ku.xme  was  so  great,  that  hs 
bed  must  be  gradually  raised,  whilu  the  rivers  still  continue  to  jiour  in 
an  undiminished  quantity  of  water.  He,  therefore,  conceivcnl  that,  ori- 
giuHlly,  when  the  Euxine  was  an  inlaud  sea,  its  level  had  by  this  means 
become  so  much  elevated  that  it  burst  its  barrier  near  Byxantium,  and 
formed  a  communication  with  the  Propontis ;  and  this  partial  drainage, 
he  supposed,  had  already  converted  the  left  side  into  marshy  ground, 
and  thus,  at  last,  the  whole  would  be  choked  up  with  soil.  So,  it  was 
argued,  the  Mediterranean  had  once  opened  a  passage  for  itself  by  the 
Columns  of  Hercules  into  the  Atlantic  ;  and  perhaps  the  abundance  of 
sea-sht'lls  in  Africa,  near  tlie  Temple  of  Jupiter  Ammon,  might  also  be 
the  deposit  of  some  former  inland  sea,  which  had  at  length  forced  a 
passage  and  escaped. 

•  Gcrbanitas  docelmnt  sini^nloa  triirintn  pox  mille  nnnos  qtindrins^ento?,  vl^ilili 
quinque  biua  ex  »iiigulb  nniinaliura  6peciebus  produci,  niaretu  scilicet  ao  fomitinm 
•X  quibus  animnlia  propngnntur,  huncque  inferiorani  imwlnnt  orb^in.  Ab-oluta 
nntL-rii  cu  ltistium  orniiitii  circulatione,  quiB  illo  annornm  cnnHcitur  spatio,  iterum 
uliu  producutitur  uiniiiiilium  genera  et  species, quumadinuduiuet  plaiitunim  alia-  ' 
rumquc  rerum,  et  primus  destruitur  ordo,  sicquu  in  inlinitum  produdtor. — Hietor. 
OriffiV  Siippl.  per  Abrahannim  Kcchulluneeni.  Svrum  Marooitam,  cap.  7.  <lt  8.  sd 
calcem  Clirunici  Orientali.    i'aristi:^  e  Typ.  Kegia.  ir>s:i,  fol. 

I  have  given  the  punctmitioD  as  in  iho  PariA  e<liti<>n,  there  being  noeomna 
after  quinque  ;  but,  at  the  suggestion  of  M.  <le  Schlegel,  I  have  referreil  the  nun> 
b«r  twenty-live  to  the  perimi  of  vears,  and  not  to  the  number  of  pairs  of  each 
•pecies  created  at  one  time,  as  I  had  done  io  the  two  finit  editiona.  Fortis  in- 
ferred that  twontj-'five  new  tpeciet  only  were  crcntod  at  a  tinae ;  a  con.Btnictiim 
which  the  passage  will  not  admoit.  M^m.  but  1  Hist,  ^'at.  de  I'lteiie,  vol  i.  p.  20)t. 
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But  Strabo  rejects  this  theory,  as  insufficient  to  account  for  all  the 
phenomena,  and  he  proposes  one  of  his  own,  the  profoundness  of  which 
modem  geologists  are  only  beginning  to  appreciate.  "  It  is  not,"  he 
s.ip,  "  because  the  lands  covered  by  seas  were  originally  at  different 
altitudes,  that  the  waters  have  risen,  or  subsided,  or  receded  from  some 
parts  and  inundated  others.  But  the  reason  is,  that  the  same  land  is 
sometimes  raised  up  and  sometimes  depressed,  and  the  sea  also  is  simul- 
taneously raised  and  depressed,  so  that  it  either  overflows  or  returns 
into  its  own  place  again.  We  must,  therefore,  ascribe  the  cause  to  the 
ground,  either  to  that  ground  which  is  under  the  sea,  or  to  that  which 
becomes  flooded  by  it,  but  rather  to  that  which  lies  bc;nealh  the  sea,  for 
this  is  more  movable  and,  on  account  of  its  humidity,  can  be  altered 
with  greater  celerity.*  //  is  proper, he  observes  in  continuation,  "  to 
derive  our  explanations  from  things  which  are  obvious,  and  in  some 
measure  of  daily  occurrence,  such  as  deluges,  earthquakes,  and  volcanic 
eruptions,^  and  sudden  swellings  of  the  land  beneath  the  sea  ;  for  the 
last  raise  up  the  sea  also ;  and  when  the  same  lands  subside  agfiin,  they 
occasion  the  sea  to  be  let  down.  And  it  is  not  merely  the  small,  but 
the  large  islands  also,  and  not  merely  the  island**,  but  the  continents 
which  can  be  lifted  up  together  with  the  sea ;  and  both  large  and  small 
tracts  may  subside,  for  habitations  and  cities,  like  Bure,  Bizona,  and 
many  others,  have  been  engulphed  by  earthquakes." 

In  another  place,  this  learned  geographer,  in  alluding  to  the  tradition 
that  Sicily  had  been  separated  by  a  convulsion  from  Italy,  remarks,  that 
at  present  the  land  near  the  sea  in  those  parts  was  rarely  shaken  by 
earthquakes,  since  there  were  now  open  oriBces  whereby  6re  and  ignited 
maters,  and  waters  escape ;  but  formerly,  when  the  volcanoes  of  Etna, 
the  Lipari  Islands,  Ischia,  and  others,  were  closed  up,  the  imprisoned 
fire  and  wind  might  have  produced  far  more  vehement  movements.^ 
The  doctrine,  therefore,  that  volcanoes  are  safety-valves,  and  that  the 
subterranean  convulsions  are  probably  most  violent  when  first  the  vol- 
canic energy  shifts  itself  to  a  new  quarter,  is  not  modern. 

We  leam  from  a  passage  in  Strabo,§  that  it  was  a  dogma  of  the 
Gaulish  Druids  that  the  universe  was  immortal,  but  destined  to  survive 
catastrophes  both  of  fire  and  water.  That  this  doctrine  was  communi- 
cated to  them  from  the  EjjsI,  with  much  of  their  learning,  cannot  be 
doubted.  Caesar,  it  will  be  remembered,  says  that  they  made  use  of 
Greek  letters  in  arithmetical  computations. [ 

»  "  Quod  enim  hoc  sttoUitur  aot  Bubitdit,  et  vel  inaodat  qoKdam  loca,  vel  ab 
lis  recedit,  ejus  rei  causa  non  est,  quod  alia  alii^  sola  humiliora  sint  aut  altiora  ; 
ked  quod  idem  solum  mod6  attollitur  mod6  depnmitur.  simulque  etiam  mod6 
attollitnr  moti6  deprimitur,  mare:  itaqne  vel  ezundat  vel  in  suum  re<iit  locum." 

Post^a,  p.  88.  "  Restat.  ut  cauMim  arlscribamus  solo,  sire  qu<Hl  mari  sube«t 
■re  quod  inuodatur;  potids  tamen  el  quod  mari  subest.  Hoc  enim  multo  est 
mobilias,^t  qnod  ob  humiditatem  cclerias  multari  possit."^ — ^Strabo,  Geog.  Edit, 
AlmeloT.  Armt.  1707.  lib.  1. 

f .  Volcanic  eruption*,  eruptiones  flatuam,  in  the  Latin  tran9lation«i,  and  in  the 
caieioal  Or^ek.  awfutft^iarw,  gaseous  eruptions  f  or  injtationt  of  laml  ? — Ibid.  p.  98. 

;  Strabo,  lib.  tL  p.  3d6.  g  Book  ir.  |  L.  vL  ch.  xiii. 
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PUnij. — This  philosopher  had  no  theoretical  opinion*;  of  his  own  con- 
cerning cimnges  of  the  earth's  surface  ;  and  in  this  department,  as  in 
othei-s.  he  restricted  liiinself  to  the  task  of  a  compiler,  without  reasoning 
on  tile  facts  stated  bv  liim,  or  attempting  to  digest  them  into  regular 
order.  But  his  enumeration  of  the  new  islands  wliich  had  been  formed 
in  the  Mediterranean,  and  of  other  convulsions,  shows  that  the  ancients 
had  not  been  inattentive  obserrm  of  the  changes  which  had  taken  place 
within  the  memory  of  man. 

Stteh»  then,  appear  to  .have  been  the'  opidons  entertained  before  the 
Christian  era,  concerning  the  past  revolutions  of  our  globe.  Although 
no  particular  investigations  had  been  made  for  the  express  purpose  of 
interpreting  the  monuments  of  ancient  changes,  they  were  too  obvious 
to  be  entirely  disregarded  ;  and  the  observation  of  the  present  course  of 
nature  presented  too  many  proofs  of  alterations  continually  in  progress 
on  the  earth  to  allow  pliilosophers  to  believe  that  nature  was  in  a  state 
of  rest,  or  that  the  surface  had  remained,  and  would  continue  to  remain 
unaltered.  But  they  hud  never  compared  attentively  the  results  oi  the 
destroying  and  reproductive  operations  of  modem  times  with  those  of 
temote  ems,  nor  hsd  they  ever  «itertained  so  much  as  a  conjecture  con- 
cerning (he  comparative  antiquity  of  the  human  noe,  or  of  living  species 
of  animals  and  plants,  with  tiiose  belonging  to  former  conditions  of  the 
oi^B^io  world.  They  had  studied  the  movements  and  posititms  of  the 
httvenly  bodies  with  laborious  industry,  and  made  some  progress  in 
investigating  the  animal,  vegetable,  and  mineral  kingdoms  ;  but  the  an- 
cient history  of  the  globe  w;us  to  them  a  sealed  book,  and,  although 
written  in  characters  of  the  most  striking  and  imposing  kind,  they  were 
unconscious  even  of  its  existence. 
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CHAPTER  m. 

HiSfiOBT  OF  Tax  PBOOUM  OF  OEOLOOT — continued, 

A"****"  vriters  of  the  tooth  oentary — Arioenna— Omar — GtMinogaay  of  tibt  Ko< 
rati — Ksi^n-ini — luxrly  Itulian  writfTa — T^onardo  da  Vinci — Frarastoro — Con- 
trovert/ as  to  the  real  nature  of  lussil» — Attributed  to  the  Mosaic  deluge— 
MiMy— StoBO— Sdlla^-^rmi— 6oyle--Iirter— Leibnits— Theory 
of  Ele^Fatiaii  Eartbqualcs— Of  losttpeeiM<rfHiitinHls — Ruy— }')iyKirr>.theo- 
logical  writer* — Woodward's  Diluvial  Theory — Burnet — Whiaton— Vallisii<-ri — 
lAiaaro  Mt^o— Generolli — Buffoo — Ui4  theorj  condemoed  by  the  Sorboone  tm 
nootllMNioa— Hb  dtdanlko— lWgiaii--Aidsiiio— MiefaoU-^ 
yBcliid--'F«irtii— Toato— Whitdwir»t*-PiDM  SaiMwir». 

Arabian  writers. — After  the  decline  of  the  Rotfnan  empire,  the  cul- 
iivatioD  of  physical  science  was  first  revived  with  some  bucceiis  by  the 
Sfln»eni»  abonl  the  middle  of  the  eighth  eentnrj  of  our  era.  The 
wofb  of  the  moat  eminent  elunc  writen  were  purcheeed  at  great  ei- 
pcnae  fiQai  the  CluirtiaDB,  and  tnuulated  into  Ambie ;  and  Al  Mamfin, 
aoB  of  the  f^imotis  Harun-al-Rashid,  the  contemporan^  of  Cbarlemagae^ 
leedved  with  marks  of  distinction,  at  his  coart  at  Bagdad,  astronomers 
and  men  of  learning  from  different  countries.  Tliis  caliph,  and  some  of 
his  successors,  encountered  vnwrh  oppo<itif,n  ntid  jea'  usyfrom  the  doc- 
tc>rs  of  the  Mahometan  law,  who  wished  tlie  Mo'-U'mH  to  confine  their 
studies  to  the  Koran,  dreading  the  eflfects  of  the  diHuhioa  of  a  taste  for 
the  physical  scieiM:es.* 

Amiemna. — ^Afanoat  all  the  woifa  of  tiie  early  Aiabian  writen  are 
loot  Amoogat  thoae  of  the  tenth  eentoryyOf  which  fragmenta  are  now 
extant*  ia  n  abort  treatiae,  "  On  the  FoimatiQa  and  Cbanfieataon  of 
Ifiiierals,"  by  Avicemia,  a  physician,  in  whose  arrangement  there  is  con- 
■Ufes^le  merit  The  second  chapter,  "  On  the  Cause  <^  If ounlaios,"  is 
remarfciWe  ;  for  mountains,  he  s^ays,  are  formed,  some  by  e««?€ntial, 
otheri  bv  accidentid  cau^s.  In  illusiraiion  of  the  es?iential,  he  in?^tan- 
ees  "a  rioleot  earthquake,  by  which  land  m  elevated,  and  b*'come«  a 
mouiitain of  the  accidental,  the  principal,  he  &ays,  is  excavation  by 
water,  whereby  cavities  are  produced,  and  adjoinix^  lands  made  to  stand 

0mm  nwwffjwjf  ^liU^ofWL— lBtheaanieceBtBi7,alao^Onia^ 
amaami  il  *H  Aalem."  or  «'Tbe  Leaned."  wrote  a  work  on  "The  Re- 
treat of  the  SeOL**   It  appears  that  on  eonparing  the  charia  of  hia  omi 

lima  wilh  those  made  by  the  Indian  and  Persian  astrooomm  two  thoa- 
Bsod  jtan  before,  be  had  sati^S'Td  himself  that  'rmporUnt  rhznir^.  had 
takm  fteoe  ace  the  times  of  history  m  the  kttm  of  the  coasta  of  AAa» 
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and  that  the  extension  of  the  sea  had  been  ^ater  at  some  fortncr  pc 
riods.  He  was  confirmed  in  this  opinion  by  the  numerous  sjilt  springa 
and  marshes  in  the  iriicnor  of  Asia, — n  phenomenon  from  which  PallftB, 
in  more  rocont  times,  has  drawn  the  same  inference. 

Von  Hoil  has  suggeslcd,  with  great  probabihty,  that  the  changes  in 
the  level  of  the  Caspian  (some  of  wluch  there  ii  reason  to  believe  have 
happened  withm  the  hktonoal  en)«  and  the  geological  appearances  m 
that  district^  indicating  the  desertion  hy  that  sea  of  its  ancient  bed,  had 
probably  led  Omar  to  lua  theory  of  a  general  Sttbsulence.  But  what- 
ever may  have  been  the  proofo  reHed  on,  his  systeiyi  waa  declared  con- 
tradictory to  certain  passages  in  the  Koran,  and  he  was  called  tipon 
publicly  to  recant  his  errors  ;  to  avoid  which  personation  he  went  into 
voluntary  banisiimcnt  from  Samarkand.* 

Tlie  cosmological  opinions  exj)ressed  in  the  Koran  are  few,  and 
merely  introduced  incidentally  :  so  that  it.  is  not  easy  to  understand 
how  they  coidd  have  mleifersd  so  seriously  vith  fipee  disenssioii  on  the 
former  changes  of  the  globe.  The  Prophet  declares  that  the  earth  waa 
created  in  two  days*  and  the  mountuu  were  then  placed  on  it ;  and 
doling  these,  and  two  additional  days*  the  inhabitants  of  the  earth  were 
formed  ;  and  in  two  more  tlie  seven  heavcns.f  There  is  no  more  de> 
Uiil  of  circumstances  ;  and  the  deluge,  which  is  also  mentioned,  is  dis- 
cussed with  equal  brevity.  The  waters  arc  represonted  to  have  pf»ured 
out  of  an  oven  ;  a  strange  fable,  said  to  be  borrowed  frum  the  Persian 
Magi,  who  represented  them  as  issuing  from  the  oven  of  an  old  woman.| 
All  men  were  drowned,  bave  Noah  and  his  family ;  and  then  God  said, 
*•  0  earth,  swallow  up  thy  waters ;  and  thou,  0  heaven,  withliold  thy 
rsin    and  immediately  the  waters  abated.  § 

We  may  suppose  Omar  to  have  represented  the  desertion  of  the  land 
by  the  sea  to  lutve  been  gradual,  and  that  hk  hypothesis  required  a 
greater  laj^se  of  ages  than  was  consistent  with  Moslem  orthodoxy ;  for 
it  is  to  be  inferred  £rom-the  Koran,  that  man  atul  this  planet  were  ere- 
ntod  at  the  same  time  ;  and  although  Mahomet  did  not  limit  expressly 
the  antiquity  of  the  human  race,  yet  lif  ir  ive  an  implied  sanc'iiHi  to  the 
Mosaic  chronology,  by  the  veneration  expressed  by  him  for  the  He- 
brew JPatriarchs.| 

*  Von  TTofT.  nosohiclifi'  (ler  Vcrlndeningcn  der  Erdoberflldie,  vdl.  i.  p.  406, 
who  ctte»  Delisle,  bcj  Hbmann  Weit-and  V6lk«rge6c)iichte.  Alte  OcHcfaicbto 
1«M  thetl,  t.  m^VM  AnibiaB  peneeutiomfbr  henrtieal  dogmas  in  theology  were 
often  very  siincjuinary.  In  the  mima  a^is  ^vh<>rt•in  learning  wuh  moil  ifi  o:.ti'onfv, 
the  Maboniutuiis  were  divided  into  two  sects,  one  of  whom  maintained  that  the 
Konu  was  inereate,  md  had  ambniited  in  the  very  emenee  of  Ood  from  all  ete^ 
nity  ;  and  tha  other.  th«  >!n':i7:i'itr%  who,  udniittintr  that  tfn  K<TTun  WH  inktito- 
t«d  by  Gud,  conceived  it  tu  huve  bcea  hrst  made  when  revciUuU  to  the  Prupbei 
at  Mecca,  and  accused  their  opponents  of  believim;  m  two  eternal  beiniire.  The 
opinioriH  of  oach  of  those  soctn  were  taken  up  by  diffent  cnliph'*  in  -aiHTe?<iion,  nnd 
tlic  followeriii  of  each  aometimee  submitted  to  be  beheaded,  or  flogged  till  at  the 
point  of  death,  rather  than  ronooDOe  their  ereed— Hod.  Uaiv.  But  veL  E  ofau  ir. 

IKtiriin.  ohnp  xlv 
Sales  Kurun.  chap  xu  see  note.  §  Ibai-. 

KioMn,  appointed  nsster  totha  (Mipb  Al  Uamftd,  wis  author  of  abook 
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A  manoscnpt  work,  entitled  the  "  Wonders  of  Naturo,"  is  preserved 
m  the  Royal  Libmry  at  Paris,  by  an  Arabian  writer,  Mohammed 
Kazwini,  who  flourished  in  the  scvrnth  centur,'  of  the  llegira,  or  at 
the  c}me  of  tbo  thirteenth  century  of  our  era,*  Besides  ^veral  curious 
remarks  on  n  ■mlices,  earthquakes,  aad  the  successive  chancres  of  poai- 
tioa  which  the  land  and  sea  have  undergone^  wo  meet  with  tiie  follow- 
iag  beautiful  passage  which  is  given  as  the  narrative  of  Kidbx,  an  allo- 
gorieal  personage : — **  I  paaaed  one  day  by  a  very  neient  and  wonder- 
fully popuIouB  city,  and  aakad  one  of  ite  inhaliiU&tB  how  long  it  lied 
been  foooded.  'It  ie  indeed  a  migbty  oity,'  replied  be;  'we  know 
M  bow  laog^  tt  bae  existed,  and  onr  anoeetoie  were  on  tim  aubject 
as  ignorant  as  oarsdvee/  Five  centuries  afterwards,  as  I  passed  by 
the  sam*»  phce,  T  could  not  perceive  the  slipjhtest  vesti^^e  of  the  city. 
T  deni;iii(l'  <l  of  a  peasant,  who  was  gathf^rin-;'  hcrhs  wpon  its  former 
i»ue,  how  lonyf  it  had  been  destroyed.  •  In  s<m)i1i  a  strange  question!* 
replied  he.  '  The  ground  here  has  never  been  different  from  what  you 
DOW  behold  it.* — *  Was  there  not  of  old,*  said  I,  *  a  splendid  city  here  V 
— *  Kef«r,*  answered  be,  'ao  fiur  ae  we  bave  teen,  and  nem  did  oar 
fathcw  apeak  to  us  (»f  any  saeb.'  On  my  return  there  600  yeaia  after* 
wnda,  Ifinmi  the  maim  tk$  mwts pkue,  and  on  ita  aborea  were  a  party 
of  fishermen,  of  whom  I  in<]uired  bow  long  the  land  had  been  cov> 
ered  by  the  waters  ?  '  Is  this  a  question,'  smd  they,  '  for  s  man  like 
you  ?  thi!5  spot  has  always  been  what  it  is  now.'  I  again  returned, 
500  T'  ^r?  nfrt^rwards,  and  the  sea  had  di-^fippf^urf^d  :  T  inquired  of  a 
man  wtio  sifKni  alone  upon  the  spot,  how  long  a^^o  this  chun:^o  had 
tak<^  place,  and  he  gave  me  the  same  answer  as  I  had  received  before. 
Lastly,  on  coming  back  again  after  an  equal  lapse  of  time,  I  found 
ikat  m  fleariiibing  city,  more  popuhwa  and  more  rieh  m  beaotifnl  bniki* 
inga^  tban  tbe  city  I  bad  aeen  tbe  ftvt  time,  and  wben  I  would  laia 
baifo  informed  myself  coneemrag  its  oiigm*  tbe  inbafaitantf  answered 
mew  '  Ita  me  is  lost  in  lemote  antiquity  :  we  are  ignorant  how  long  it  has 
exisied,  and  our  fathers  were  on  this  subject  as  ignorant  as  ourselvea.' " 
E^trh/  Italian  irriUn. — It  wa.s  not  till  the  eJirlier  part  >>t  ih*'  <-U- 
t»  '^nih  ceniury  that  geological  ph^^-nomena  lK-:^an  to  attract  th*-  att/  niKjn 
of  the  Chrwtian  nation?.  At  that  peri<xl  a  very  animau-d  controveriiy 
^rang  up  in  Italy,  concemiog  the  true  nature  and  origin  of  iniirine 
ftbeUs,  and  other  organized  foesiLs,  found  abundantly  in  the  strata  of  the 
Tbe  celebrated  peinter  LeoomdodnTine^wboinbisyontb 
plawwd  and  eieented  some  navigable  eaaals  in  the  aorlb  of  Italy, 
one  e#  tbe  te  wbo  applied  eomid  rrmnning  to  tbese  sn^eela. 
Hie  mod  of  rtvcts^  he  eaid,  bad  ^yvend  aad  penetrated  into  the  inteiiar 
of  foeeO  sbeHd  at  a  time  when  these  were  still  at  the  bottom  of  the  sea 
■anr  tbe  osaak   "Ibey  tcil  as  tbat  tbeae  absik  were  feimad  in  tbe 


Ufled  'T^^  '^^..'^  c*       Pmtrtardi*  tad  IVipbila  Avss  At  Ontthn  tf  d* 
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hills  bv  tiio  inlliience  of  tbc  star*^  ;  but  I  ask  where  in  the  hills  are  tho 
itars  now  forming  shells  of  dihtinci  ages  and  bpecies?  and  how  can  the 
stars  explain  the  origin  of  gravel,  occurring  at  different  heights  and 
composed  of  pebbles  rounded  as  if  by  the  motion  of  runniog  water ;  or 
in  what  manner  can  aueh  a  eanse  nooooni  for  the  petiUiMtioa  In  Um 
■ame  plaeas  of  wmm  kavea*  sea-waeds,  and  marine-crabs  f"* 

The  exeavatkma  made  m  1517,  for  npairing  tfie  tkj  of  YeroDa, 
liTDiight  to  light  a  multitude  of  onriooa  petrifiMtioai,  and  Ivrnislied 
matter  for  speculation  to  different  autboRt  and  among  the  rest  to 
Fracastoro.f  who  declared  his  opinion,  that  fossil  shells  had  all  belonged 
to  living  animals,  which  had  forraerlv  lived  and  multiplied  where  these 
ezuvise  are  now  found,  lie  eji posed  t  iui  absurdity  of  having^  recourse 
to  a  certain  **  plastic  force,"  which  it  was  said  had  pow-  r  to  laalnon 
siuues  into  organic  forms  ;  and  iih  no  less  cogent  urgumuuls,  demon- 
ilialed  the  fntUity  of  atlribuuag  the  situation  of  the  aheOa  in  qneitioa 
to  the  Uoeaio  ddnge,  a  theory  obstinately  defended  by  aome.  That 
immdatioQ,  he  obaerved,  waa  too  tnnaient ;  it  conaiBted  principally  of 
ihiTiatile  waters ;  and  if  it  bad  traoapofted  abells  to  great  diataneea, 
must  have  strewed  them  over  the  surface,  not  buried  them  at  vast 
depths  in  the  interior  of  mountains.  His  clear  exposition  of  the  evi- 
dence would  have  terminated  the  discussion  forever,  if  the  passions  of 
mankind  had  not  been  enlisted  in  the  dispute  ;  and  even  though  doubts 
should  for  a  time  have  remained  in  some  minds,  they  would  speedily 
have  been  removed  by  the  fresh  information  obtained  almost  imme- 
diately afterwards,  respecting  the  structure  of  foasil  remains,  and  <tf 
their  living  analognea. 

But  the  dear  and  pbUoaophical  viewa  of  EVacaatoro  were  diara- 
garded,  and  the  talent  and  aignmentative  powers  of  the  leaned  were 
doomed  for  three  centuriea  to  be  wasted  in  the  discussion  of  these  two 
aimple  an^  preliminary  qneatioDa:  first,  whether  fossil  remains  had 
over  belonged  to  livintr  creatures ;  and,  secondly,  whether,  if  ihh  he 
admitted,  all  the  pluMT^imena  rni.ild  not  h*''  pxplained  bv  tlir  drluL^n^  of 
Noali.  It  had  been  the  genefcd  belief  of  the  Christian  world  down  to 
the  period  now  under  consideration,  that  the  origin  of  this  planet  waa 
not  more  remote  than  a  few  thousand  years ;  and  that  since  the  crea- 
tion the  dduge  waa  the  only  great  eataatropbe  by  which  conaiderable 
change  had  been  wrooght  on  tiie  earth'a  auHace.  On  the  other  hand, 
the  optnion  waa  aearoely  lesa  general,  ihat  the  final  diaaohitioa  of  oar 
ayatem  was  an  event  to  be  looked  for  at  no  diatant  period.  The  era,  it 
is  true,  of  the  expected  millennium  had  passed  away ;  and  for  five 
hundred  yean  after  the  iatal  hour  when  the  annihibtion-of  the  planet 

♦  See  Venturi's  extracts  from  Da  Vinci's  MMS.  now  in  Library  of  In8titut«  of 
France.  Tbev  are  not  mentioned  by  Brocchi,  and  my  attention  was  first  called 
to  them  by  Mr.  Hallam.   L.  da  Vinci  died  a.  d.  1519. 

f  IfuMoiD  (kkiBoL — See  Brocchi's  Discourse  on  the  Pro^rasB  of  the  Study  of 
F<Mail*OiNMbology  in  Italy,  where  some  of  the  following  notMet  on  ItaUan  wnten 
will  be  tod  noie  at  lai^pk 
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had  been  looked  for,  the  monks  remained  in  undisturbed  enjoyment  of 
rich  gp-ants  of  land  bequeathed  to  them  by  pious  donors,  who,  in  the 
preamble  of  deeds  beginning  "  appropinquante  mundi  termino" 
"  appropinquante  magno  judicii  die,"  left  lasting  moniiments  of  the 
popular  delusion.* 

But  although  in  the  sixteenth  century  it.  had  become  necessary  to 
interpret  certain  prophecies  respecting  the  millennium  more  liberally, 
and  to  assign  a  more  distant  date  to  the  future  conflagration  of  the 
world,  we  find,  in  the  speculations  of  the  early  geologists,  perpetual 
allasion  to  such  an  approaching  catastrophe ;  while  in  all  that  regarded 
the  antiquity  of  the  earth,  no  modification  whatever  of  the  opinions  of 
the  dark  ages  bad  been  efifected.  Considerable  alarm  was  at  first  ex- 
cited  when  the  attempt  was  made  to  invalidate,  by  physical  proofs,  an 
article  of  faith  so  generally  received  ;  but  there  was  sufficient  spirit  of 
toleration  and  candor  amongst  the  Italian  ecclesiastics,  to  allow  the  sub- 
ject to  be  canvassed  with  much  freedom.  They  even  entered  warmly 
into  the  controversy  themselves,  often  favoring  different  sides  of  the 
question  ;  and  however  much  we  may  deplore  the  loss  of  time  and  labor 
devoted  to  the  defence  of  untenable  positions,  it  must  be  conceded  that 
they  dbplayed  far  less  polemic  bitterness  than  certain  writers  who  fol- 
lowed  them  "  beyond  the  Alps,"  two  centuries  and  a  half  later. 

COSTROVKRST  AS  TO  TllE  REAL  NATURE  OF  FOSSIL  ORGANIC  REMAINS. 

Mattioii — Falloppio. — The  system  of  scholastic  disputations,  en- 
couraged in  the  universities  of  the  middle  ages,  had  unfortunately 
trained  men  to  habits  of  indefinite  argumentation ;  and  they  often  pre- 
ferred absurd  and  extravagant  propositions,  because  greater  skill  was 
required  to  maintain  them ;  the  end  and  object  of  these  intellectual 
eombats  being  victor)',  and  not  truth.  No  theory  could  be  so  far- 
fetched or  fantastical  as  not  to  attract  some  followers,  provided  it  fell 
in  with  popular  notions ;  and  as  cosmogonists  were  not  at  all  restricted, 
in  building  their  systems,  \o  the  agency  of  known  causes,  the  opponents 
of  Fracastoro  met  his  arguments  by  feigning  imaginary  causes,  which 
differed  from  each  other  rather  in  name  than  in  substance.  Andrea 
Mattioii,  for  instance,  an  eminent  botanist,  the  illustrator  of  Dioscoridea, 
embraced  the  notion  of  Agricola,  a  skilful  German  miner,  that  a  certain 
"materia  pinguis,"  or  "fatty  matter,"  set  into  fermentation  by  heat, 
gave  birth  to  fossil  organic  shapes.  Yet  Mattioii  had  come  to  the  con- 
elosion,  from  his  own  observations,  that  porous  bodies,  such  as  bones 
and  shells,  might  be  converted  into  stone,  as  being  permeable  to  what 
he  termed  the  "  lapidifying  juice."  In  like  manner,  Falloppio  of  Padua 
conceived  that  petrified  shells  were  generated  by  fermentation  in  the 
»pots  where  they  are  foimd,  or  that  they  had  in  some  cases  aajuired 

*  In  Sirflr,  in  particular,  the  title-deeds  of  many  raloable  grantfl  of  land  to  th« 
n(ioa*t«ne*  are  beaded  bj  Mich  preamblea,  composed  by  the  testators  about  th« 
period  when  the  good  King  Roger  wa«  expelling  the  Saraceoa  from  *iiat  islaod. 


their  form  from  the  tumultuous  moTements  of  terrestrial  exhalations. 
Although  celobmfed  as  n  professor  of  nrifitomy,  he  taught  that  certain 
tusks  of  e!<  pliaats,  dug  up  in  his  time  in  Apulia,  were  mere  Ciirthy  con- 
cretions ;  and,  consisteiiilv  ^vith  these  principles,  he  even  went  so  far  as 
to  coubider  it  probable,  that  the  vases  of  Monte  Testaceo  at  Rome  were 
Mtvml  hnpniaanB  «tamped  m  tlie'aoiL*  la  tin  nme  spirit,  Mercati, 
who  publitlied,  in  1574,  ftitbfol  fignras  of  tho  fotiQ  ihellB  pnaemd  bf 
Pope  Siztnsy.  in  tbe  Mnaeiiiii  of  tiie  VatioMi»  cipi'wed  an  <^iinkm«]iaft 
Quey  were  mere  stones,  which  had  as^Mmed  their  peculiar  oenfiguntioB 
from  the  influence  of  tbe  lieavenly  bodies ;  aod  Olivi  of  Oremona,  who 
dc^cribod  the  fossil  remains  of  a  rich  museum  at  VerOOa»  WSS  satisfied 
with  considering  them  as  mere  "  sports  of  nature." 

S  iiiir  oi  the  fanciful  notions  of  those  times  were  deemed  less  un- 
reamjiiable,  aa  being  somewhat  in  harmony  with  tlie  Aristotelian  theory 
of  spontaneous  generation,  then  taught  in  all  the  schools.f  For  men 
wbo  bad  been  taa|^t  in  early  yonth,  that  a  large  proportfam  of  lifing 
ittmwls  and  plants  was  formed  from  tbe  fortuitous  oonoonne  of  atoms,  • 
or  had  spnmg  from  the  eomiption  of  oinaaio  matter,  m^ht  essUy  per- 
suade themselves  that  organic  shapes,  often  tmperfeetly  {mserved  in 
tbe  interior  of  solid  rooks,  owed  (biar  eiistence  to  causes  equally  ob- 
scure and  mysterious. 

Cardano,  1562. — But  there  were  not  wanting  some  who,  dunng  the 
progress  of  this  century,  expressed  more  sound  and  sober  opinions.  The 
title  of  a  work  of  Cardano's,  pubii^<hed  m  1552,  "  De  Subtililate"  (cor* 
responding  to  what  woold  now  be  called  Transcendental  Philosophy), 
would  lead  us  to  expect,  itf  the  chiq»ter  on  nunenls,  many  far-fetohed 
theoriea  eharacteristio  of  that  age;  bat  when  treating  of  petrified  sbdls, 
he  decided  that  they  cleaily  indicated  the  former  sojourn  of  the  sea 
upon  the  mountains  ! 

Cemfpino — Majoli,  1597. — Cosalpioo,  a  celebrated  botanist,  con- 
ceived that  fossil  shells  had  been  left  on  the  hind  by  the  retiring  sea, 
and  had  concreted  into  hLono  during  the  consolidation  of  the  soil  and 
io  tbe  following  year  (1597),  Simeone  Majoli||  went  still  farther;  and, 
coinciding  for  the  most  part  with  tbe  views  of  Cesalpino,  suggested  that 
the  shells  and  submai^  matter  of  tbe  Veronese,  and  other  districts, 
migh*.  bare  been  cast  up  upon  the  Isnd  by  volcaaio  explodons,  like 
those  which  gave  rise,  in  1538,  to  Monte  Naovo,  nearPussnoU.  This 
hint  seems  to  have  been  the  first  imperfect  attempt  to  connect  the  posi- 
tion of  fossil  shells  with  the  agency  of  volcanopH  r  system  afterwards  more 
fully  developed  by  Hooke,  Lazzaro  Moro,  Huiion,  and  other  writers. 

Two  years  afterwards,  Imperati  advociUed  tlie  animal  origin  of  fossil- 
ized shells,  yet  admitted  that  stones  could  vegetate  by  force  of  '*  an 
iatemal  principle and,  as  evidence  of  this,  be  referred  to  the  teeth  ol 
lish  and  spines  of  eclum  found  petrified.^ 

*  D«  FoMiliU  pn,  109,  IfS.         f  AristeUe,  On  Animals,  cbap*.  1, 16 
1  BraeaU,  Qua  Foik  Bobsin  Dim.  mi  PiogrMsi  roL  L  jk  ff). 
fDelieiamdib  fOwi  CMiieiil«r«a  f^SteriaNaimto 
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PtXmj^,  1580*— PiUa^,  •  Franoh  miter  on  *<  The  Oiigiii  of  8pring» 
bam  Rain-water^^aiid  of  other  seimtifie  woriu,  undertook,  in  1580,  tc 

combat  the  notions  of  many  of  his  contempomries  in  Italy,  that  petiified 
shells  had  all  been  deposited  bv  th<»  universal  delupfe.  "  He  was  the 
firet,"  said  Fontenelle,  when,  in  the  French  Academy,  he  pronounced 
}m  eulogy,  nearly  a  century  and  a  half  later.  "  who  dared  assert,"  in 
Peris,  that  fossil  remains  of  testaoea  and  fish  had  once  belonged  to  ma- 
rine animals. 

Fabio  Colonna. — To  enamerate  the  multitude  of  Italian  writers,  who 
adnuMed  Taiioiie  hypotheses,  all  equally  fantastical,  in  the  eaily  part  of 
the  aeventeenth  eeotury,  woidd  be  unpiofitably  tedbns ;  but  Fabb  Co* 
lonna  deterfes  to  be  distiogiiished ;  for,  although  he  gaye  way  to  the 
dogna,  that  all  fossil  remains  were  to  be  referred  to  the  deluge  of  Noah, 
he  resisted  the  afaenrd  theoiy  of  Stelluti,  who  taught  that  fossil  mod 
and  ammonites  were  mere  clay,  altered  into  such  forms  by  sulphureous 
waters  and  subterranean  heat :  and  lie  pointed  out  the  different  states 
of  shells  buried  in  tiie  strata,  distiniruishing  between,  first,  the  mere 
mould  or  impression;  second,  the  cast  or  nucleus;  and,  thirdly,  the 
remains  of  the  shell  itself,  lie  had  also  the  merit  of  being  the  first  to 
point  out  that  some  of  the  fossils  had  belonged  to  marine  and  some  to 
terrestrial  teetaeea.* 

Sfeao,  1600, — But  the  most  remaricable  work  of  that  period  waa 
publiahed  by  Steno,  a  Dane,  onee  profeasor  of  anatomy  at  Padua,  and 
who  afterwards  resided  many  years  at  the  court  of  the  Grand  Duke  of 
Ibaeany.  His  treatise  bears  the  quaint  title  of  **  De  Solido  intra  Soh- 
dam  mrnnltier  eontento  (1609),"  by  which  the  author  intended  to 
express,  "  Un  Gems,  Crystals,  and  oi^anic  Petrifactic^ns  inclosed  within 
solid  Rocks."  This  work  attests  the  priority  of  the  Italian  school  in 
geological  research  ;  exemplifying  at  the  same  time  the  powerful  obsta- 
cles opposed,  in  that  age,  to  the  general  reception  of  enlarged  views  in 
the  Bcience.  It  was  still  a  favorite  dogma,  that  the  fossil  remains  of 
dbdle  and  marine  ereatores  were  not  of  animal  origin ;  an  opinion  ad- 
hered to  by  many  from  their  extreme  relnotanee  to  believe,  that  the 
earth  could  hare  been  inhabited  by  living  bemga  before  a  great  part  of 
the  existing  mountains  were  formed.  In  reference  to  this  cbntroverey^ 
Steoo  had  dissected  a  shark  recently  taken  from  the  Mediterranean,  and 
bad  demonstrated  that  its  teeth  and  bones  were  identical  with  many 
fossils  found  in  Tuscany.  He  had  also  compared  tlic  shells  discovered 
in  the  Italian  strata  with  living  species,  pointed  out  their  resemblance, 
and  trat  ed  the  various  gradations  from  shells  merely  calcined,  or  which 
had  only  lost  their  animal  j^luten,  to  those  petrifactions  in  which  there 
was  a  perfect  8ub«>titutiua  of  stony  matter.  In  his  division  of  mineral 
mamiis,  he  insisted  on  the  secondary  origm  of  those  deposits  in  which 
the  spoils  of  animals  or  fragmenta  of  older  roeks  were  bclosed.  He 
distinguished  between  marine  lormationa  and  thoee  of  a  flaviatile  char* 
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actor,  the  last  cont^iining  reeds,  grasses,  or  the  trunks  and  branches  of 
tn^'s.  Hf  aririird  in  favor  of  the  original  horizontality  of  sedimentary 
deposits,  attributing  ilK'ir  present  inclined  and  vertical  position  some- 
times to  the  escape  of  subterranean  vapors  heaving  the  crust  of  the 
earth  from  below  upwards,  and  sometimeB  to  the  falling  in  of  masses 
ov«ilyiiig  mbtemaean  cavities. 

He  declared  that  he  had  obtauied  proof  that  Tuscany  must  auccet* 
«yel J  have  aoquhed  six  distinct  coofiganitions,  hnkg  been  twice  cov- 
ered laj  water,  twice  laid  dry  with  a  kvd,  and  twice  with  an  irregidar 
and  uneven  surface.*  He  displayed  great  anxiety  to  reconcile  his  new 
views  with  Scripture,  for  which  purpose  he  pointed  to  certain  rocks  8S 
having  been  formed  before  the  existence  of  animals  and  plants  :  select- 
ing unfortunately  as  examples  certain  formations  of  limestone  and  sand- 
stone in  his  own  country,  now  known  to  contain,  though  sparingly,  the 
remains  of  animals  and  plants, — strata  which  do  not  even  rank  as  the 
oldest  part  of  our  secondary  series.  Steno  suggested  that  Moees,  when 
apealdng  of  the  loftiest  monntauia  aa  having  been  eovered  by  the  deluge^ 
meant  merely  the  loftiest  of  the  hilb  then  existing,  which  may  not  hmre 
been  very  high.  The  diluvian  waters,  he  supposed,  may  have  issued 
from  the  interior  of  the  earth  into  which  they  had  retired,  when  In  the 
beginning  the  land  was  separated  from  the  sea.  These,  and  other 
hypotheses  on  the  same  subject,  are  not  calculated  to  enhance  the  value 
of  the  treatise,  and  could  scarcely  fail  to  detract  from  the  authority  of 
those  opinions  which  were  sound  and  legitimate  deductions  from  fact 
and  observation.  They  have  served,  nevertheless,  ns  the  germs  of  many 
popular  theories  of  bter  limes,  and  in  an  expanded  form  have  been  pvt 
ISorth  as  original  mventions  by  some  of  oar  contemporaries. 

SdUog  1670. — Scilla,  a  Sicilian  painter,  published,  m  1670,  a  treatise, 
in  Latm,  on  the  foanla  of  Calabria,  iUostrated  by  good  oigravings. 
This  work  proves  the  continued  ascendancy  of  dogmas  often  refuted ; 
for  we  find  the  wit  and  eloquence  of  the  author  chiefly  directed  against 
the  obstinate  incredulity  of  naturalists  as  to  the  orgnnic  nature  of  fossil 
shells.!  Like  many  eminent  naturalists  of  his  day,  Scilla  gave  way  to  the 
popular  persuasion,  that  all  fossil  .shells  were  the  effects  and  proofs  of  the 
Mosaic  deluge.  It  may  be  doubted  whether  he  was  perfectly  sincere, 
and  some  of  his  contemporaries  who  took  the  same  course  were  certainly 
not  aa  But  so  eager  were  they  to  root  out  what  they  justly  oonadered 
an  absurd  prejudice  respecting  the  nature  of  organised  fossils,  that  they 
aeem  to  have  been  ready  to  mike  any  concessions,  in  order  to  establish 
this  prelinunary  point  Such  a  eomprominng  policy  waa  abort  sighted, 
since  it  waa  to  little  purpose  that  the  nature  of  the  documenta  should  at 

*  Sex  itaque  diatiactu  Etruria:  faciei  agDoscanus,  diitn  bis  fluida,  bi«  plana,  et 
Moca,  his  a»pera  fuerit,  <fec. 

f  Scilla  quotes  tho  remark  of  Cicero  on  the  etory  that  a  itooe  in  Chios  bad  been 
deft  open,  and  presented  the  head  of  Paniscus  in  relief : — I  belieye,**  said  the 
orator,  "that  the  figure  bore  aotne  reflemllanc*  to  Panisous,  but  not  such  that 
you  would  have  deemed  it  sealptiirad  Iqr  Soopss ;  lor  dunce  never  perfectly 
imiUtee  the  troth.'* 
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kngUi  be  eovreedj  iiiid«ntood»  if  meii  irare  to  beprevoitod  from  dado* 
eng  ha  cancluaoiis  from  them. 

Diluvial  2^l«ory,— The  theologians  who  novr  entered  the  field  m 
Italy,  Germany,  France,  and  England,  were  innumerable ;  and  hence- 
forward, they  who  roftisod  to  subscribe  to  the  po^^itinn,  th  it  all  marine 
organic  remains  wer-  proofs  of  the  Mosaic  deluge,  were  exposjcd  to  thi» 
imputritiou  ol  disbelieving  the  whole  of  the  sacred  writin<rs.  Scarcely 
any  step  had  been  made  in  approximating  to  sound  theories  since  the 
lime  of  Fraeattoro,  more  then  n  hnndrsd  jreaxs  having  been  lostp  in 
writin<^  down  the  dogme  that  oiganind  foenlB  were  mere  sporta  of 
natore.  An  additional  period  of  a  oentmy  and  a  half  was  now  destned 
to  be  consumed  in  exploding  the  hypothesis,  that  organized  fossils  had 
all  been  buried  in  the  solid  strata  hf  Koah's  flood.  J^erer  did  a  theo- 
retical fallacy,  in  any  branch  of  sci»^nce,  interfere  more  seriously  with 
accurate  oh-en-ation  and  the  systemutlc  classification  of  facts.  In  re- 
cent time.^,  Diiiy  uiiiibute  our  rapid  progress  chiefly  to  the  careful 
determination  of  the  order  of  succession  in  mineral  masses,  by  means  of 
their  different  organic  content^  and  their  regular  superposition.  But 
the  old  dHttvialiats  were  iadooed  by  their  system  to  eonfound  all  the 
gnmpa  of  strata  together  instead  of  diseriminating» — to  refer  all  appear* 
aacea  to  one  cause  and  to  one  hiief  period,  not  to  a  variety  of  canaea 
aetii^  throughout  a  long  succession  of  epochs.  They  saw  the  phenom- 
ena only  as  they  desired  to  sec  them,  sometimes  misrepresenting  facts, 
and  at  other  times  deducing  false  cooclusions  from  correct  data.  Under 
the  influence  of  such  prejudices,  three  centuries  were  of  as  little  avail  as 
a  few  years  in  our  own  times,  when  we  are  no  longer  required  to  propel 
the  ve^el  against  the  force  of  an  adver&e  current. 

It  may  be  well,  therefore,  to  forewarn  the  reader,  that  b  tracing  the 
Ustoiy  of  geology  from  the  close  of  the  aeventeeath  to  the  end  of  the 
eighteenth  oeatnry,  he  must  eipect  to  be  ocenined  with  aeeounts  of  the 
retardation,  aa  well  as  of  the  advance,  of  the  science.  It  will  be  neoes- 
sary  to  point  oat  the  frequent  revival  <^  ei^loded  errors,  and  the  re- 
lapse  from  sound  to  the  most  absurd  opinions ;  and  to  dwell  on  futile 
reasoning  and  visionary  hypothesi<?,  bpcause  some  of  the  mo-t  extrava- 
gant systems  were  invented  or  controverted  by  men  of  acknowledged 
talent.  In  short,  a  sketch  of  the  progress  of  geology  is  the  history  of 
a  constant  and  violent  struggle  of  new  opinions  against  doctrines  snnc- 
tiooed  hy  the  implicit  faith  of  many  generations*  and  supposed  (o  test 
on  seriptwal  authority.  The  inquiry,  therefore,  although  highly  m- 
teiesling  to  one  who  studies  the  philosophy  of  the  human  muid,  is  too 
often  hnnen  of  instruction  to  him  who  searches  for  truths  in  pbyncal 
adence. 

Quirtni,  IBlB. — Quirini,  in  1876,*  contended,  in  opposition  to  Scilh, 
that  thp  dihivian  waters  could  not  have  conveyed  heavy  bodies  to  the 
Mumxui  of  mountains,  sioce  the  agitation  of  the  sea  never  (as  Boyle  had 
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demonstrated)  extended  to  grent  depths  ;*  and  still  lefts  cc>ul  1  the  tes- 
tacea,  as  some  pretended,  have  lived  in  these  diiuvuin  waters ,  lor  "  the 
dttratioQ  of  the  flood  was  brief,  and  tks  jUnty  rmnf  trntti  htv§  dntroyed 
HktmUmuiiflktm^r  He  was  the  fint  writer  who  ventnrad  to  main- 
tain that  the  nnlvenalitj  of  the  Mooaio  eatMljam  ought  not  to  be  in- 
aiited  upon.  As  to  the  nature  of  petrified  shells,  he  conceived  that  as 
earthy  particles  nnited  in  the  sea  to  form  the  shells  of  mollusca,  the 
same  crystallizing  process  might  be  efFected  on  the  land ;  and  that,  in 
the  latter  case,  the  germs  of  the  animals  might  have  been  disseminated 
through  the  substance  of  the  rocks,  and  afterwards  developed  by  virtue 
of  humidity.  Visionary  as  was  this  doctrine,  it  gamed  many  proselytes 
even  amongst  the  more  sober  reasoners  of  Italy  and  Germany ;  for  it 
eoneeded  that  the  poation  of  foonl  bodiea  eonld  not  be  acoonntod  for  by 
the  dilnvial  theoiy. 

Phi-^LuUr,  1678.— In  the  mean  time,  the  dootrine  that  foeai]  shelU 
had  never  belonged  to  real  animals  maintaindl  its  ground  in  England, 
where  the  agitation  of  the  question  began  at  a  much  Liter  period.  Dr. 
Plot,  in  his  "Natural  History  of  Oxfordshire"  (107 7),  attributed  to  a 
"  plastic  virtue  latent  in  the  earth"  the  origin  of  fossil  shells  and  fishes; 
and  Lister,  to  his  accunite  account  of  British  shells,  in  1078,  added  the 
foasAl  species,  under  the  appellation  of  turbinated  and  bivalve  clones. 
**  Either/'  said  he,  "  these  were  terriginous,  or,  if  otherwise,  the  animals 
they  00  exactly  represent  kewe  Ueom  txHneL**  Thia  writer  appears  to 
havp  be«i  the  first  who  waa  aware  of  the  continiiity  over  kige  dietricta 
of  the  principal  groups  of  strata  m  the  British  series,  and  who  proposed 
the  construction  of  regular  geological  map8.f 

Leibnitz,  1680. — The  great  mathematician  Leibnitz  published  his 
"Protc^oBa"  in  1680.  He  imagined  this  planet  to  have  been  originally 
a  burning  luminous  mass,  which  ever  since  its  cn  uioii  has  been  under- 
giiin  j;  1  f  fri'^eration.  When  the  outer  crust  had  ct»uU:d  duwii  suiiicit'ntly 
to  allow  tiie  vapors  to  be  condensed,  they  fell,  and  formed  a  universal 
ocean,  covering  the  loDiest  mountains*  anid  investuig  the  whole  glolte. 
The  crusty  as  it  eonsolidated  from  a  state  of  foaion,  assumed  a  Tesicuhr 
and  caTemoua  atroeturs ;  and  being  rent  in  some  places^  allowed  the 
water  to  rush  into  the  subterranean  hollows,  whereby  the  IstbI  of  the 
primeval  ocean  was  lowned.  The  brealdng  in  of  these  vast  caverns  is 
supposed  to  have  given  rise  to  the  dislocated  and  derange<l  po'sition  of 
the  ^rata  *'  which  Steoo  had  described,"  and  the  same  disruptions  com- 

♦  The  opinions  of  Boyle,  alluded  to  by  Quirini,  were  published  a  fovr  years 
before,  in  a  wliort  .irf  Ick"  uutitled  "  On  the  Bottom  of  tlu-  Si  a."  From  obeierTatiuns 
collected  trom  the  diver*  nf  the  pearl  fishery,  Boyle  iuferred  thitt,  when  the  waves 
Were  six  or  seven  feci  h'v^h  alxive  the  •mrface  of  the  water,  there  were  no  signs  of 
agitation  at  the  ileptli  nf  Hfteen  fathom«i-,  and  that  evon  duruig  heavy  gales  of 
wind,  the  motiun  of  the  w  ater  woa  vxctscdiugly  diminished  at  the  depth  of  twelve 
er  fifteen  feet.  He  had  also  learnt  from  some  of  bis  informants,  that  there  were 
currents  running  in  o])p<^>>iit«  diractiaoa  at  difiarent  depthiy— Boyle'e  Worka^  voL 
iii.  p.  110.    LonduQ,  1744. 

\  See  Oonybeage  sod  Phillips  "QolliMeeof  the  Qeology  of  Ehglmxl  sad  Wslei^* 
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mnnicated  yiolent  moTements  to  the  incumbent  waters,  whence  great 

inundations  ensued.  The  waters,  after  they  had  been  thus  agitated, 
deposited  their  sedimentary  matter  during  intervals  of  quiescence,  and 
hence  the  various  stony  and  earthy  strata,  "  We  may  recognize,  there- 
fore," says  Leibnitz,  "  a  double  origin  of  primitive  masses,  the  one  by 
refrigeration  from  'gneous  fusion,  the  other  by  concretion  from  aqueous 
solution."*  By  the  repetition  of  similar  causes  (the  disruption  of  the 
crust  and  consequent  floods),  alternations  of  new  strata  were  produced, 
until  at  length  these  causes  were  reduced  to  a  condition  of  quiescent 
equilibrium,  and  a  more  permanent  state  of  things  was  established.! 

Uooke,  1688.— The  "  Posthumous  Works  of  Robert  Hooke,  M.  D.," 
well  known  as  a  great  mathematician  and  natural  philosopher,  appeared 
in  1705,  containing  "A  Discourse  of  Earthquakes,"  which,  we  are  in- 
formed by  his  editor,  w^  written  in  1668,  but  revised  at  subsequent 
periods.^  Hooke  frequently  refers  to  the  best  Italian  and  English 
authors  who  wrote  before  his  time  on  geological  subjects ;  but  there 
are  no  passages  in  his  works  implying  that  he  participated  in  the  en- 
larged views  of  Steno  and  Lister,  or  of  his  contemporary,  Woodward, 
in  regard  to  the  geographical  extent  of  certain  groups  of  strata.  His 
treatise,  however,  is  the  most  philosophical  production  of  that  age,  in 
regard  to  the  causes  of  former  changes  in  the  organic  and  inorganic 
kingdoms  of  nature. 

"  However  trivial  a  thing,"  he  says,  "  a  rotten  shell  may  appear  to 
•ome,  yet  these  monuments  of  nature  are  more  certain  tokens  of  an- 
tiquity than  coins  or  medals,  since  the  best  of  those  may  be  counter- 
feited or  made  by  art  and  design,  as  may  also  books,  manuscripts,  and 
inscriptions,  as  all  the  learned  are  now  sufficiently  satisfied  has  often 
been  actually  practised,"  <fec. ;  "  and  though  it  must  be  granted  that  it 
is  very  difficult  to  read  them  (the  records  of  nature)  and  to  raise  a 
chronology  out  of  them,  and  to  state  the  intervals  of  the  time  wherein 
such  or  such  catastrophes  and  mutations  have  happened,  yet  it  is  not 
impossible."§ 

Respecting  the  extinction  of  species,  Hooke  was  aware  that  the 
fossil  ammonites,  nautili,  and  many  other  shells  and  fossil  skeletons 
found  in  Elngland,  were  of  different  species  from  any  then  known  ;  but 
he  doubted  whether  the  species  had  become  extinct,  observing  that  the 
knowledge  of  naturalists  of  all  the  marine  species,  especially  those  in- 
habiung  the  deep  sea,  was  very  deficient.    In  some  parts  of  his  wri- 

*  Uode  jam  duplex  origo  intelligitar  primonim  oorpornm,  ana,  cnm  ab  ignif 
fosioae  refrigescerent,  altera,  cam  recoocreacerent  ex  Bolutione  aqaarum. 

f  Red^unte  mox  simili  causA  strata  eubindc  alia  a\m  imponcrentur,  ot  faciet 
teneri  adhuc  orbLs  MBpias  norata  est.  Donee  quieecentibus  caasis,  atque  leqaili- 
brmtL*.  coii«iatentior  emcrgeret  rerum  atatat. — For  an  able  analynu  of  the  viewH  of 
Leibnitz,  in  hia  Protogcpa,  see  Mr.  Cooybcare's  Report  to  the  Brit.  Amoc.  on  the 
ProgreM  of  Geological  Science,  1832. 

X  Between  the  year  1688  and  his  death,  in  1703,  he  read  several  memoirs  to 
tb«  Roval  Society,  and  delivered  lectures  on  various  sabjeets,  relating  to  foaaii 
reniain*  aiid  the  effects  of  earthquakes. 

g  Posth.  Works,  Lecture,  Feb.  29,  1688. 
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tmgi,  howerer,  he  leans  to  the  opinioa  that  species  had  been  lost ;  and  m 
speculating  on  this  sobjeet*  he  even  snggesti  that  there  might  be  some 
connection  betwppn  the  disappearance  of  certain  kinds  of  animals  and 
plants,  and  the  changes  wrought  by  earthqunkcs  in  former  ages.  Some 
f?pecies,  he  observes,  with  gfreat  sagacity,  are  "peculiar  to  certain  places, 
and  not  to  be  found  elsewhere.  If,  then,  such  a  phiee  had  been  swal- 
lowed up,  it  Lb  not  improbable  but  that  those  animate  beings  may  hare 
been  destroyed  vkh  it ;  and  this  may  be  true  both  of  serial  and  aquatic 
ai^ala;  for  those  aounated  bodies,  whether  vegetables  w  amiuals* 
whieh  were  naturally  nourished  or  refreshed  by  the  air,  would  he  de> 
siroyed  by  the  water/'  drc*  Turtles,  he  adds,  and  such  laige  ammo* 
nites  as  are  found  in  Portland,  seem  to  have  been  the  produotions  ol 
hotter  countrira ;  and  it  is  necessary  to  suppose  that  England  once  lay 
under  the  sea  within  the  torrid  zorie  !  To  e.xpjain  this  and  similar  phe- 
nomena,  he  indulges  in  a  variety  of  sperulntions  concerning  changes  in 
the  position  of  the  axis  of  the  earth's  rotiiiion,  "  a  shifting  of  the  earth's 
centre  of  gravity,  analogous  to  the  revolutions  of  the  magnetic  pole," 
6cc.  Aone  of  these  conjectures,  however,  arc  proposed  dogmaticiiUy, 
but  rather  bi  the  hope  of  promoting  fresh  inquiries  and  experiments. 

In  opposition  to  the  prejudiees  of  his  age,  we  find  him  arguing 
against  the  idea  that  nature  had  formed  fossil  bodies  **  for  no  other  end 
than  to  play  the  mimie  in  the  mineral  kingdom  ;** — msintsining  that 
figured  stones  were  '*  really  the  serersl  bodies  they  represent,  or  the 
mouldings  of  them  petrified,"  and  not,  as  some  have  imagined,  *  a  lusus 
oaturse,'  sportinL^  herself  in  the  needless  formation  of  useless  }H'infrs.*'f 

It  was  ol)j' cIk!  to  Ilouke,  that  his  doctrine  of  tin  extinction  of 
species  dcroL;ateil  fiom  the  wisdom  and  power  of  the  omnipotent  Crea- 
tor ;  but  he  answered,  that,  as  individuals  die,  there  may  be  some  ter- 
mioaiion  to  the  duration  of  a  spe<^;  and  Us  opinions,  he  declared, 
were  not  repugnant  to  Holy  Writ :  for  the  Scriptures  taught  that  our 
system  was  degeneiathig,  antt  tenduig  to  its  final  dissolution ;  "  and  as, 
when  that  shaU  happen,  all  the  species  will  he  lost,  why  not  some  at, 
one  time  and  some  at  another 

But  his  principal  object  was  to  aeeount  for  the  manner  in  which  sheila 

•  PoetK  Work-,  p.  327. 

*  Pottfa.  Works,  Lecture,  Feb.  16,  1688.  Hooke  explained  witii  coai-idcrabio 
diMmeiStlie  different  modes  wherein  organio  mbitnnct  s  may  become  lnptd)(ied; 
and,  among  other  illustrations,  he  inenticins  somp  eilicifitid  palm-\v(KKl  bro'j«rht 
from  Africa,  on  which  M-  de  la  Hire  hud  read  a  memoir  t«>  the  Ito^al  Academy 
of  France  (June,  169Sy  wherein  he  had  pointed  out,  not  only  the  tabes  raoning 
the  len^'th  of  the  trunk,  bat  the  roota  at  one  extremity.  Do  la  Ilire,  says  Hooke, 
alec  treated  uf  certuin  trees  found  petrified  in  the  "river  that  |ki«8««  by  Bakan, 
in  the  kingdom  of  Ava,  and  which  uas  for  the  apace  of  ten  leagues  the  virtue  o( 
petrifying  wood."  It  is  an  interesting  fact  that  the  silicified  wood  of  the  Irawadi 
should  have  attracted  attention  more  than  one  hundred  years  aga  Kemarkable 
discoveries  have  been  made  tlicre  in  Inter  times  vf  fctst-il  anitDal;*  and  vegetables, 
by  Mr.  Crawfurd  and  Dr.  Wallicb.— 8«a  OeoL  Tnma.  toL  ii.  port  iii.  pi  877,  Mtouod 
series.  De  la  Hire  cites  Father  Dodwts,  in  Hm  woood  touvb*  ef  "  Oba«rTaltoac 
Bode  in  the  Indies  by  the  Jesuits" 

I  Foetli.  Worki,  Lecture,  May  29,  1689. 
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had  been  conveyea  into  the  higher  parts  of  "  the  Alps,  Apennines,  and 
Pyrenean  hills,  and  the  interior  of  continents  in  i^enerul."  These  and 
other  appearances,  be  said,  might  have  been  brought  about  by  earth- 
quakes, *'  whidi  luive  tamed  pUiii  into  nuMmtaiQS,  and  inomitaiiiB  into 
|>bttDS»  aeas  into  land,  and  land  into  seas,  made  riven  where  there  were 
Dooe  before,  and  awidlowed  np  others  that  formerly  were,  ko^  Ae. ;  and 
which,  since  the  creation  of  the  world,  have  wrought  many  great  changes 
on  the  superficial  parts  of  the  earth,  and  have  been  the  instruments  of 
placinc:  shells,  bones,  plants,  tishes,  and  the  like,  in  those  places  where, 
with  much  astonishment,  v,  v.  tind  them."*  This  doctrine,  it  is  true,  had 
been  laid  down  in  terms  almost  ecjually  explicit  by  Strabo,  to  explain 
the  occurrence  of  fossil  shells  in  the  inferior  of  continents,  and  to  that 
geogi^her,  and  other  writers  of  antiquity,  Hooke  frequently  refers ;  but 
fbe  revival  and  development  of  the  system  was  an  important  step  in  the 
progress  of  modern  acienoe. 

Hooke  ennmeiated  all  the  examples  knoim  to  hhn  of  snhtemnean 
disturbance,  from  "  the  sad  catastrophe  of  Sodom  and  Gomorrah,"  down 
to  the  Chiliao  earthquake  of  1646.  The  elevating  of  the  bottom  of  the 
Rea,  the  sinking  and  submersion  of  the  land,  and  most  of  the  inequalities 
of  the  earth's  surface,  might,  he  said,  be  accounted  for  by  the  agency 
of  these  subterranean  causes.  He  mentions  that  the  coast  near  Naples 
was  raided  during  the  eruption  of  Monte  jVuovo  ;  and  that,  in  1501,  Land 
rose  in  the  islaod  of  8l  Michael,  during  an  eruptum :  and  although  it 
would  be  mote  difficult,  he  says,  to  prov^  he  does  not  doubt  but  that 
there  had  been  as  many  earthquakea  In  the  parta  of  the  ^arth  under  the 
oeean,  as  in  tho  parts  of  the  dry  land ;  m  confixination  of  which,  he 
mentions  the  immeasurable  depth  of  the  sea  near  some  volcanoes.  To 
attest  the  extent  of  simultaneous  subterranean  movements,  he  refers  to 
an  earthquake  in  the  West  Indies,  in  the  year  1090,  where  the  sprice  of 
oarth  raised,  or  "  struck  upwards,"  by  the  shock,  exceeded,  be  affirms, 
the  length  of  the  Alps  and  Pyrenees. 

Hook^i  diluvial  Theory. — ^As  Huoke  declared  the  favorite  hypothesis 
of  the  day,  "  that  marine  fossil  bodies  were  to  be  referred  to  Noah's 
Hood,"  to  be  whdly  untenable,  he  appears  to  have  felt  hunself  called 
mptm  to  snbstitate  a  dilnvial  theory  of  his  own,  and  thus  he  became  in- 
volved in  countless  difficulties  and  contradictions.  "  During  the  (preat 
catastrophe,"  he  said,  "there  might  have  been  a  changing  of  that  part 
which  was  before  dry  land  into  sea  by  sinking,  and  of  that  which  was 
Bea  uito  dry  land  by  raising,  and  marine  bodies  might  have  been  buried 
in  sediment  beneath  the  uocan,  in  the  interval  between  the  creation  and 
ihe  deluge."!  Then  follows  a  disquisition  on  the  separation  of  the  land 
from  the  waters,  mentioned  in  Oeaesis ;  during  which  operation  some 
plaeeB  of  the  shell  of  the  earth  were  foned  outwards,  and  others  pressed 
downwarda  or  inwards,  Ac.  Hia  dilnvial  hypothesis  very  much  re- 
aembled  that  of  Steno^  and  was  enlwely  oppOMd  to  the  fundamental 

•  Fosth.  Wark%  p  Sit.  f         WoAm,  4ia 
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principles  profened  by  bim,  that  he  would  explain  the  former  changes 
of  the  earth  in  n  mrrrt  vainral  majtrifr  than  others  had  done.  When, 
in  de«ritp  of  this  do^laration,  ho  requirf-d  a  ff^nripr  "crisis  n  iiurf ," 
and  taught  that  earthquakes  had  become  debiliLaled,  and  thai  tli*-  Alp-, 
Andes,  and  other  chains,  had  been  lifted  up  in  a  few  montlis,  he  was 
compelled  to  assume  so  rapid  a  rate  of  change,  that  his  machinery  ap- 
pesMd  vemAj  leas  ^rtravagant  than  tint  of  Us  mort  fkneiful  prede- 
Mtion.  For  thb  roMOD,  perbap,  his  wbde-theoiy  of  eBiiliqiitkot  met 
with  undesenred  n^leot 

Moif,  1602. — One  of  his  contemporaries,  the  edobrated  BStaFsfisI^ 
Kay,  pnrtici{»ted  in  the  same  desire  to  expl^  geological  ph  onomena 
by  reference  to  causes  less  hypothetical  than  tiiooe  Qsoallj  fsaorted  to.* 
In  his  essay  on  "  Chaw  and  Creation,"  he  proposed  a  srst»»m,  agreeing 
in  its  outline,  and  in  many  of  its  detail",  witli  that  nf  Hnoke  ;  but  h?^ 
knowledge  of  natural  history  enabled  him  to  elucidate  the  subject  with 
various  ori^nnal  observauon*.  EJarthquakes,  he  sugc^ested,  might  have 
been  the  second  causes  employed  at  the  creation,  in  separating  the  land 
from  the  watei^  and  in  gathering  the  iraten  together  into  one  place. 
He  mentions,  like  Hooke,  the  earthquake  of  1646,  whieb  had  videntljr 
shaken  the  Andes  for  some  huidreds  of  leagnes*  and  made  mai^  alter- 
atioiis  therein.  In  asagmng  a  eause  for  the  genersl  deluge,  he  preferred 
a  change  in  the  earth's  centre  of  gravity  to  the  introduction  of  earth- 
(fuakes.  Some  unknown  canse^  he  said,  might  ha\e  forced  the  sub- 
terranean waters  ont  wards,  as  was,  perhaps^ .indicated  by  **Uie  break'* 
ing  up  of  the  foim tarns  of  the  rrreat  deep.** 

Ray  was  oiu'  of  the  first  of  our  writers  who  enlarged  upon  the  effects 
of  running  water  upon  the  land,  and  of  the  eneroaehmcnt  of  the  sea 
upon  the  shores.  So  important  did  lie  consider  the  agency  of  these 
causes,  that  be  saw  in  tbem  an  indication  of  the  tendency  of  our  system 
to  its  final  iHssoIution ;  and  he  wondered  why  the  earth  did  not  proceed 
more  rapidly  towards  a  gederal  snbmernon  beneath  the  sea,  when  so 
much  matter  was  carried  down  by  rivers,  or  undermined  in  the  8ea*Glifl8. 
We  perceive  cleariy  from  his  writings,  that  the  gradual  decline  of  our 
system,  and  its  future  consummation  by  6re,  was  held  to  be  as  necessary 
an  article  of  faidi  by  the  orthodox,  as  was  the  recent  origin  of  our  planet. 
His  discourses,  like  those  of  Hooke,  are  highly  interesting,  as  attesting 
the  familiar  association  in  the  minds  of  philosophers,  in  the  age  of  New- 
ton, of  questions  in  physics  and  divinity.  Ilay  gave  an  unequivocal  proof 
of  the  smcerity  of  his  mind,  by  sacrificing  his  preferment  in  the  church, 
rather  than  take  an  oath  against  the  Covenanters,  which  he  could  not 
reconcile  with  his  oooscienoe.  His  reputatioti,  moreoirer,  in  the  scientific 
worid  placed  him  high  abore  the  temptatioo  of  courting  popuhuity,  by 
pandering  to  the  phyaico-theokgical  taste  of  his  age.   It  is,  therefore, 

*  Ray'tf  PhyMco-tlieoIogical  Difloourset  were  of  somewhat  Inter  date  than 
Booke'a  great  work  on  earthquakea  Be  ^leaks  of  Hooke  as  one  "  wbmn  for  his 
loaniiDg  and  deep  insight  into  the  mjBtems  of  aatars  ho  deserrodly  hoBOMd.* 
—On  M«  JMugt,  chap.  iv. 
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carious  to  Ttipet  with  so  many  citations  from  ihp  Ohristian  fathers  and 
prophets  in  his  essays  on  physical  science — to  find  him  in  one  page  pro- 
ceediug,  by  the  strict  rules  of  indactioo,  to  explain  the  former  changes 
of  the  globe,  and  in  the  next  gravely  entertaining  the  question,  whether 
the  sun  and  stars,  and  the  whole  heayens,  shall  be  annihilated,  together 
Willi  the  earth,  at  the  era  of  the  grand  coofiagraftkNi. 

Woodward,  1695.^Aiiioiig  (he  eontemporariea  of  Hoofce  and  Baj, 
Woodward,  a  proteor  of  nedidiM,  had  aeqoiied  the  raoet  ozteDiive 
infiffniatbn  respecting  the  geological  structure  of  the  crust  of  the  earth. 
He  had  examined  many  parts  of  the  British  atiata  with  minute  atten- 
tion ;  and  his  systematic  collcctinn  of  {specimens,  bcqn*^fithed  to  the 
University  of  Cambridge,  and  still  preserved  there  as  arranged  by  him, 
siiowa  how  far  he  had  advanced  in  ascertaining  the  order  of  superpo<;i- 
tion.  From  the  great  number  of  facts  collected  by  him,  we  might  have 
expected  his  theoretical  views  to  be  more  sound  and  enlarged  than 
those  of  his  eoatemporaries ;  but  m  his  anxiety  to  accommodate  all  ob- 
lenred  phenomena  to  the  Bcriptnrsl  acconnt  of  the  Greatim  and  Delnge, 
he  annred  at  most  enoneooa  results.  He  oonceived  "the  whole  tenei- 
trial  globe  to  have  been  taken  to  pieces  and  dissolved  at  the  flood,  and 
the  Btnta  to  have  settle  d  Aown  from  this  promiscuous  mass  as  any  earthy 
sediment  from  a  fluid."*  In  corroboration  of  these  views  he  insisted 
upon  the  fact,  that  "marine  bodies  are  lodged  in  the  strata  according 
to  the  order  of  their  gravity,  the  heavier  shells  in  stone,  the  lighter  in 
chalk,  and  so  of  the  re»t."f  Jbiy  immediately  exposed  the  unfounded 
nature  of  this  assertion,  remarking  truly  tliat  fossil  bodies  "  are  often 
mingled,  heavy  with  Ught,  in  the  same  stratum  and  he  Ofsn  went  so 
Isr  as  to  say,  that  Woodward  mvai  have  invented  the  phenomena  for 
the  sshe  of  oodirmhig  hb  bold  and  strange  hypoUtesis't— «  strong  ex- 
pression from  the  p«i  of  a  contemporary. 

Burnet,  1690. — At  the  same  time  Burnet  publislied  his  "Theory  of 
the  Earth. "§  The  title  is  most  characteristic  of  the  age, — "  The  Sacred 
Tlieory  of  tiie  Karth  ;  containing  an  Account  of  the  Original  nf  the 
Knrth,  and  of  all  the  gencnd  Changes  which  it  liath  already  undergone, 
or  is  to  undergo,  till  the  Consummation  of  all  Things."  Even  Milton 
had  scarcely  ventured  in  his  poem  to  indulge  his  imagination  so  freely 
in  painting  scenes  of  the  Creatioo  and  Deluge,  Paradise  and  Chaoa. 
He  explained  why  the  primeval  earth  enjoyed  a  perpetual  spring  before 
the  flood!  showed  how  the  cmat  of  the  globe  was  fissured  by  **the 
son's  mys,*'  so  that  it  burst,  and  thus  the  diluvial  waters  were  let  loose 
from  a  supposed  central  abyss.  Not  satisfied  with  th^e  themes,  he 
d^^rivf'd  from  the  books  of  the  inspired  writers,  and  even  from  heathen 
authorities,  prnphptic  views  of  the  fnt'ire  revolutions  of  the  globe,  gave 
a  most  terrific  descriplicHi  of  the  general  confiagration,  and  proved  that 

*   

♦Bwy  towards  a  Natiirjil  History  of  the  Earth,  1695.   Preface.       f  Ibid 
t  C  nscquencea  of  the  Deluge,  p.  166. 
§  f  ini  puhliM  io  Latin  between  the  ycsn  1«80  and  ISM. 
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a  iidir  beaten  and  a  new  earth  will  rise  out  of  a  teocmd  chaot^'^ilet 
wbicli  irill  follow  the  blessed  millennium. 

The  reader  should  be  informed,  that,  according  to  the  opinion  of  many 
fespectable  writers  of  that  age,  there  v,  ns  good  scriptural  ground  for 
presuming  that  the  {warden  bestowed  upon  our  first  parents  was  not  on 
the  earth  itself,  but  ab<  a  e  the  clouds,  in  the  middle  region  between  our 
planet  and  the  moon.  JBumct  approaches  with  becoming  gravity  the 
discussion  of  so  important  a  topic.  He  was  wining  to  concede  tbat  tKe 
geographical  poeitkm  of  Paiadtse  was  not  in  Metopotamla,  yet  he  mun- 
tained  thai  it  was  upon  the  earth,  and  m  the  aoothem  hemisphere^  near  the 
eqiunoetial  line.  Butler  selected  this  conceit  as  a  fair  mark  for  his  satire^ 
when,  amongst  the  ntunerous  aeeompltslmiente  of  Hudibrae,  he  aaya^^ 

"He  knew  the  «^'at  uf  Paradise, 
Could  tell  iu  what  degree  it  lies ; 

And,  as  lie  was  dispoaed,  oould  prove  ii 
Below  tin  moon,  or  ebo  aboro  h.** 

Yet  thr>  same  monarch,  who  is  said  never  to  have  slept  wit^iout  Rntl^r''? 
poem  under  his  pillow,  was  so  great  an  admirer  and  patron  of  Burnet's 
book,  that  he  ordered  it  to  be  tninshited  from  the  Latin  into  English. 
The  style  of  the  "  Sacred  Theory"  was  eloquent,  and  the  book  dis- 
played powers  of  mveotion  of  no  ordinaiy  stamp.  It  was.  m  fact,  a 
fine  histoncal  romanoop  as  Bnffon  afterwards  decUued;  hnt  it  was 
treated  aa  a  work  of  profound  science  in  the  time  of  its  author,  and  was 
panegyrized  by  Addison  in  a  Latin  ode,  while  Steele  pFsised  it  in  the 
"Spectator." 

Whiston,  1606. — Another  production  of  the  same  school,  and  equally 
characteristic  of  the  time,  was  that  of  Wliiston,  entitled,  "A  Ncw^ 
Theory  of  the  Earth  ;  wherein  the  Creation  of  the  world  in  Six  Days, 
the  Universal  Deluge,  and  the  General  Conflagration,  as  laid  down  in 
the  Holy  Scriptures,  are  shown  to  be  perfectly  agreeable  to  lieason  and 
Philosophy."  He  was  at  first  a  follower  of  Bumet ;  but  his  faith  in 
the  infidlihilitjr  of  that  writer  was  shaken  by  the  declared  ojnnion  of 
Kewton,  that  there  was  eveiy  presumption  in  astronomy  against  any 
former  change  in  the  hiclination  of  the  earth's  axis.  Tliis  was  a  leading 
dogma'  in  Burnet's  system,  though  not  original,  for  it  was  borrowed 
from  an  Itahan,  Alessandro  degU  Alessandri,  who  had  suggested  it  in 
the  beginning  of  the  fifteenth  century,  to  account  for  the  former  occu- 
pation of  the  present  continents  by  the  sea  T,a  Place  has  since  strength- 
ened  the  arguments  of  Newton,  against  the  probability  of  any  former 
revolution  of  this  kind. 

The  remarkable  comet  of  1680  was  fresh  in  the  memory  of  eveiy 
one  when  Wbiston  first  began  his  eosmological  studies ;  and  the  piind- 
pal  novelty  of  his  speculations  consisted  in  attributing  the  deluge  to  the 
near  approaoh  to  the  earth  of  one  of  these  enatic  bodies.  Baring 
ascribed  an  incraaae  of  the  wateia  to  this  source,  he  adopted  Wood*  • 
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ward's  theory,  supposing  all  stratified  deposits  to  have  resulted  from 
the  "chaotic  sediment  of  the  flood."  Whiston  was  one  of  the  first  who 
ventured  to  propose  that  the  text  of  Genesis  should  be  interpreted  dif- 
ferently from  its  ordinary  acceptation,  so  that  the  doctrine  of  the  earth 
biivuig  existed  long  previous  to  the  creation  of  man  might  no  longer  be 
regarded  as  unorthodox.  He  had  the  art  to  throw  an  air  of  plausibility 
OTtr  the  mofit  tmprobable  parts  of  lus  theory,  and  seemed  to  be  pro- 
ceeding in  the  most  sober  maimer,  and,  by  the  aid  of  mathematical  de- 
Doostratioo,  to  the  establishment  of  h»  Tarious  propositions.  Locke 
pronounced  a  paneg3rric  on  his  theory,  commending  him  for  having  ex* 
pkined  so  many  wonderful  and  before  inexplicable  things.  His  book, 
as  well  as  Burnet's,  was  att<icked  and  refuted  by  Keill.  *  Like  all  who 
introduced  piirdv  hvpothetical  causes  to  Jifrount  for  natural  phenom- 
ena, Whiston  retarded  the  progress  of  truth,  diverting  men  frym  the 
investigation  of  the  laws  of  sublunary  nature,  and  induci'ii^  them  to 
wast-c  time  iu  speculations  on  the  power  of  comets  to  diaj^  tiie  waters 
of  the  ocean  over  the  land — on  the  condensation  of  the  vapors  of  their 
tails  into  water,  and  other  matters  equally  edifying. 

SutMutm,  1724.-^ohn  Hutchinson,  who  had  been  employed  hj 
Woodward  in  making  his  collection  of  fossils,  published  afterwards,  in 
1734,  the  first  part  of  bis  "  Moss's  Princlpia,**  wherem  he  ridiculed 
Woodward's  hypothesis.  He  and  his  numerous  followers  were  accus- 
tomed to  declaim  loudly  against  human  learning ;  and  they  maintained 
that  the  Hebrew  Scriptures,  when  rightly  translated,  comprised  a  per- 
fect <!Tstem  of  natural  philosophy,  for  which  reason  they  objected  to  the 
Newtonian  theory  of  gravitation. 

Celsius. — Andrea  Celsius,  the  Swedish  astronomer,  published  about 
this  time  his  remarks  on  the  gradual  diminution  and  sinking  of  the 
waters  in  the  Baltic,  to  which  I  shall  have  occasion  to  advert  mora  par* 
tieukriy  in  the  sequel  (oh.  20). 

SekeuehMer,  1708. — In  Gennany,  in  the  mean  time,  Scheuchier  pub- 
lish^ his  "  Complaint  and  Vindication  of  the  Fishes  "  (1*708),  "  Pisdum 
Qoerelte  et  Vindicise,"  a  work  of  zoological  merit,  in  whieh  he  gave 
nme  good  plates  and  descriptions  of  fossil  fish.  Among  other  conclu- 
jtinns  lie  labored  to  prove  that  the  earth  had  been  remodelled  at  the 
deluge.  Pluche,  also,  in  1732,  wrote  to  the  same  efTect ;  while  Hol- 
barh,  in  1753,  after  considering  the  various  atteinpis  to  refer  all  the  an- 
ctt:iit  formations  to  the  flood  of  Noah,  exposed  the  inadequacy  of  this 
cause. 

Italian  Qedogisti — VaUUinm, — return  with  pleasure  to  the  geol- 
ogists of  Italy,  who  preceded,  as  hai  been  already  shown,  the  natursl- 
iMa  of  ather  countries  m  their  mvestigations  into  the  ancient  history  of 

the  earth,  and  who  still  maintained  a  decided  pre-eminence.  They  re> 
futed  and  ridiculed  the  physico-theological  systems  of  Burnet,  Whkton, 

»  4&  £nuaiiMtion  of  Dr.  Bnroei's  Theoiy,  ^  2d  «d.  l^M* 
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and  Woodward  ;*  wliiU;  Vallisneri,f  in  his  comments  on  tlic  Woodward- 
ian  theory,  remaik«'d  how  much  the  interests  of  religion,  as  well  as  those 
of  sound  philosophy,  had  suffered  by  perpetually  mixing  up  the  sacred 
writings  with  questioiM  in  physical  seienee.  The  works  of  thk  author 
were  rich  in  original  obsenratiom.  He  attempted  the  first  general 
aketeh  of  the  marine  depoaita  of  Italy,  their  geographical  exUtA,  and 
roost  charaeterialie  organic  remains.  In  hia  treatiae  "  On  the  Origin  of 
Springs,"  he  explained  their  dependence  on  the  order,  and  often  on  the 
dislocations,  of  the  strata,  and  reasoned  philosophically  nijainst  the 
opinions  of  those  who  regarded  the  disordered  state  of  the  earth's  crust 
as  exhihitintr  sicrns  of  the  wmtb  of  God  for  the  sins  of  man.  He  found 
himself  under  the  necessity  of  contending^,  in  his  preliminnry  ch  ipter, 
against  St.  Jerome,  and  four  other  principal  interpreters  of  Scripture, 
besidei  several  profeaaota  of  divimtj,  ''that  springs  did  not  flow  by  sub- 
terraoean  siphons  and  eavitiea  from  the  aea  upwards,  losing  their  aalt- 
nesa  in  the  passage,"  for  this  thdbry  had  been  made  4o  rest  on  the  in* 
filllible  testimony  of  Holy  Writ 

Although  reluctant  to  generalise  on  the  rich  materials  accumulated 
in  his  travels,  Yallisneri  had  been  so  much  struck  with  the  remarkable 
continuity  of  the  more  rec6nt  marine  strata,  from  one  end  of  Italy  to  the 
oilier,  thiit  lie  came  to  the  conclusion  that  the  ocean  formerly  extended 
over  the  wliole  earth,  an<l  nftor  abiding  there  (or  a  loni;  time,  had  grad- 
ually subsided.  Tliis  opinion,  however  untenable,  wiis  a  great  step  be- 
yond Woodward*a  diluviaa  hypothecs,  agaidat  which  Yallisneri,  and 
«fter  him  all  the  Tuscan  geologists,  uniformly  contended,  while  it  was 
warmly  aupported  by  the  members  of  the  Institute  of  Bologna.) 

Among  othere  of  that  day,  Spada,  a  priest  of  Greaana,  in  1797, 
•wrote  to  prove  that  the  petrified  marine  bodies  near  Verona  were  not 
diluvian.§  Mattani  drew  a  similar  inference  from  the  shells  of  Volterra 
and  other  places;  while  Costantini,  on  ilie  other  hand,  whose  observa- 
tions on  the  vnllrv  c»f  the  Brenta  and  other  disfricts  were  net  without 
value,  undertook  lo  vindicate  the  truth  of  the  <i»  Uitje,  a^  also  to  prove 
that  Italy  had  been  peopled  by  the  descendants  of  Japhet.] 

iTero,  1740.— Lanaro  If  oro,  in  his  work  (publbhed  in  1 740)  "  On  the 
Marine  Bodies  which  are  found  in  the  Mountains,"^  attempted  to  ap- 
ply the  theory  of  earthquakes,  as  expounded  by  Strabo^  Pliny,  and 
other  ancient  authors,  wltli  \\]iom  he  was  fomiliar,  to  the  geological 
phenomena  described  by  YaUisneri***   His  attention  was  awakened  to 

*  Ramnr-zini  oven  aw>ert«d,  that  the  idea*  nf  T^nrnnf  "were  mainly  horm^vr  ^ 
from  a  diiiloirue  of  one  Putrizio;  but  lirocchi,  after  reading  tliat  dialogue,  astiurea 
QB  that  there  was  scarcely  any  other  correAiioodenoe  between  these  eyetem^  ex 
ccpt  th;it  \}iith  vrrrv  cqiuilly  whimsical 

Dei  Ci»rpi  Miiiiiii,  Ltttcrc  critiche.  Ac.  1721. 
Brocclii,  p  js  g  Ibid.  p.  33.  |  Ibid. 

Sui  CroHtacei  ed  altri  Corpi  Maruii  cho  si  tmvano  m\  Monti. 
Muro  dois«  Qot  ciUi  tlie  works  of  Mooko  and  Kay  *,  aud  although  so  many  of 
bb  views  w«re  in  aoeoffdance  with  their%  he  was  pffooably  igoorant  of  their  wrt> 
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the  elevating  power  of  subterranean  forces  by  a  remarkable  phejiomenon 
which  happened  in  bis  own  time,  and  which  had  also  been  noticed  by 
Vallisneri  in  his  letters.  A  new  island  rose  in  1707  from  deep  water  in 
the  Gulf  of  Santorin,  in  the  Mediterranean,  during  continued  shocks  of 
an  earthquake,  and,  increasing  rapidly  in  size,  grew  in  less  than  a  month 
to  be  half  a  mile  in  circumference,  and  about  twenty-five  feet  above 
high-water  mark.  It  was  soon  afterwards  covered  by  volcanic  ejections, 
but,  when  first  examined,  it  was  found  to  be  a  whit«  rock,  bearing  on 
Its  surface  living  oysters  and  Crustacea.  In  order  to  ridicule  the  vari- 
ous theories  then  in  vogue,  Moro  ingeniously  supposes  the  arrival  on 
this  new  island  of  a  party  of  naturalists  ignorant  of  its  recent  origin. 
One  immediately  points  to  the  marine  shells,  as  proofs  of  the  universal 
deluge ;  another  argues  that  they  demonstrate  the  former  residence  of 
the  sea  upon  the  mounbiins ;  a  third  dismisses  them  as  mere  sports  of 
nature;  while  a  fourth  aflRrms  that  they  were  bom  and  nourished 
within  the  rock  in  ancient  caverns,  into  which  salt  water  had  been  rmsed 
in  the  shape  of  vapor  by  the  action  of  subterranean  heat. 

Moro  pointed  with  great  judgment  to  the  faults  and  dislocations  of 
the  strata  described  by  Vallisneri,  in  the  Alps  and  other  chains,  in  con- 
firmation of  his  doctrine,  that  the  continents  had  been  heaved  up  by 
subterranean  movements.  He  objected,  on  solid  grounds,  to  the  hy- 
pothesis of  Burnet  and  of  Woodward ;  yet  he  ventured  so  far  to  disregard 
the  protest  of  Vallisneri,  as  to  undertake  the  adaptation  of  every  part  of 
his  own  system  to  the  Mosaic  account  of  the  creation.  On  the  third 
day,  he  said,  the  globe  was  everywhere  covered  to  the  same  depth  by 
fresh  water ;  and  when  it  pleased  the  Supreme  Being  that  the  dry  land 
should  appear,  volcanic  explosions  broke  up  the  smooth  and  regular 
surface  of  the  earth  composed  of  primarj'  rocks.  These  rose  in  moun- 
tain masses  above  the  waves,  and  allowed  melted  metals  and  salts  to 
aecend  through  fissures.  The  sea  gradually  acquired  its  saltness  from 
volcanic  exhalations,  and,  while  it  became  more  circumscribed  in  area, 
increased  in  depth.  Sand  and  ashes  ejected  by  volcanoes  were  regu- 
larly disposed  along  the  bottom  of  the  ocean,  and  formed  the  secondary 
strata,  which  in  their  turn  were  lifted  up  by  earthquakes.  We  need 
not  follow  this  author  in  tracing  the  progress  of  the  creation  of  vegeta- 
bles and  animals  on  the  other  days  of  creation ;  but,  upon  the  whole,  it 
may  be  remarked,  that  few  of  the  old  cosmological  theories  had  been 
conceived  with  so  little  violation  of  known  analogies. 

Generellts  illustrations  of  Moro,  1749. — The  style  of  Moro  was  ex- 
tremely prolix,  and,  like  Hutton,  who,  at  a  later  period,  advanced  many 
of  the  same  views,  he  stood  in  need  of  an  illustrator.  The  Scotch  geol- 
ogist was  hardly  more  fortunate  in  the  advocacy  of  Playfair,  than  was 
Moro  in  numbering  amongst  his  admirers  Cirillo  Gcnerelli,  who,  nine 

tin^f^  for  tbcy  had  not  been  translated.  As  he  always  refers  to  the  Latin  editito 
of  Burnet,  and  a  French  traiulation  of  Wixxlward,  we  may  presume  that  he  did 
Bot  read  English. 
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years  afterwards,  dclivrrf  r!  at  a  sitting  of  Academicians  at  Cn  mona  a 
spirited  exposition  ut  Ins  tiicory.  This  learned  Camuliiaji  friar  does  not 
preieiid  to  have  been  an  origiaal  obserrer,  but  he  bad  studied  sufficiently 
to  enable  biin  to  coniirm  the  opinions  of  Moro  by  arguments  from  other 
writeis;  and  hu  selection  of  the  doetrinee  then  best  e8t»blulied  is  so 
judidons,  that  a  brief  abstniet  of  them  eaimot  fail  to  be  aoceptable^  as 
lliustrating  the  state  of  geology  in  E«rope»  and  in  Italy  in  particular, 
before  the  middle  of  the  last  century. 

The  boweb  of  the  earth,  says  he^  have  carefully  preserved  the  memo- 
rials of  past  events,  and  this  truth  the  marine  productions  so  frequent 
in  the  hills  attest.  P^rom  the  reflections  of  Lazzaro  Moro,  we  may 
sure  ourselves  that  these  are  the  eftecta  of  earih*|uak»'s  in  past  tun  s, 
"which  have  changed  v;ust  spaces  of  sea  into  ten  a  liriiia,  and  inhabited 
lands  into  seas,  in  this,  more  than  in  any  oilier  department  of  physics, 
are  obsemtioos  and  experiments  indispensable^  and  we  most  dUigentlj 
consider  fiicla.  The  Irad  is  known,  wherever  we  make  escaTations,  to 
be  composed  of  different  strata  or  soils  placed  one  above  the  other,  some 
«f  sud,  some  of  rock,  some  of  chalk,  others  of  marl,  coal,  pmnmioe, 
gypsum^  liipe,  and  the  rest.  These  ingredients  are  sometimes  pure,  and 
somr'times  confusedly  intermixed.  Within  are  often  imprisoned  differ- 
ent marine  fishes,  hke  dried  mummies,  and  more  frecjuently  shells,  cms- 
tacea,  corals,  plants,  &c.,  not  only  in  Italy,  but  in  Franco,  Germany, 
£ngliind,  Africa,  Asia,  and  America ; — sometimes  in  the  lowest,  some- 
times in  the  loftiest  beds  of  the  earth,  some  upon  the  mountains,  some 
in -deep  mines,  othen  near  the  sea»  and  others  hundreds  of  miles  distent 
from  It.  Woodward  conjectured  that  theae  msrine  bodies  might  be 
found  everywhere;  but  there  are  rocks  in  which  none  of  them  occur, 
as  is  safficienlly  attested  by  Yallisneri  and  Marnlll  The  remains  of 
fossil  animals  consist  chiefly  of  their  more  solid  parts,  and  the  most 
rocky  strata  must  have  been  soft  wlvn  «uch  exuvijc  were  inclosed  in 
them.  Vegi'lablt'  productions  are  found  in  dilTerent  states  of  maturity, 
indicating  that  tiu-y  were  jiiibrddi-d  in  different  seasons.  Ek'phants, 
elks,  and  other  terrestrial  quadrupeds,  have  been  found  in  England  and 
elsewhere,  in  superficial  strata,  never  covered  by  the  sea.  Alternations 
are  rare,  yet  not  without  ezemple,  of  marine  stiata,  with  these  which 
oontam  marshy  and  terrestrial  productuns^  Marine  animab  ai«  ar- 
ranged in  the  subterraneous  bods  with  admirable  order,  in  distinct 
groups,  oysters  here,  dentalia  or  corals  there,  Ac,  as  now,  according  to 
Marsilli,*  on  the  shores  of  the  Adriatic.  We  must  abandon  the  doc- 
trine, once  so  popuhr,  which  denies  that  orf^'inizrd  fossils  were  derived 
from  living  beings,  and  we  cannot  account  lor  liieir  present  position  by 
the  ancient  theory  of  Strabo,  nor  by  that  of  Leibnitz,  nor  by  the  uni- 
versal deluge,  as  explained  by  Woodwar  i  and  otliers  ;  "  nor  is  it  n^a- 
sooable  to  call  the  Deity  capriciously  up  n  the  stage,  and  to  make  him 
woik  miiades  for  the  sake  of  oonfirm  n^  our  preconceived  hypothesis.'* 

*  Ssfgfo  lirioo  mtoino  sUa  Btoria  del  Msie^  psrf  L  p.  91 
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hold  ni  utter  abomination,  most  learned ,  AcademiciaiM  1  Ukm6 
■ystema  which  are  buiit  with  theilr  foundations  in  the  air,  and  cannot  be 
propped  up  without  a  miracle ;  and  I  undertake,  with  the  assistance  of 
Mot«^,  to  explain  to  you  how  these  marine  aniaiBls  were  transported 
into  the  mountains  by  natural  caviscs."* 

A  brief  abstrrict  then  follows  ot  Mom's  tlu'ory,  by  which,  says  Gene- 
relli,  we  may  explain  all  the  phenomctm,  as  VallLsauri  so  ardeuliy  lie- 
■red,  **witk(mt  Mmet,  wUtovt  Jictions,  without  hypothmst  without 
■wracfef/'f  The  Garmelitan  then  pAMseeds  to  Btruggle  a^nst  an  obvi- 
eoe  objection  to  Hero's  eyetein*  oooaidered  aa  a  method  of  expbuniog 
the  levoltttkNiB  of  the  earth,  neUvraUy.  If  earthquake  have  been  tht 
ageota  of  such  mighty  changes,  bow  does  it  happen  that  their  effects 
since  the  times  of  history  have  been  so  inconsiderable  ?  This  same  dif- 
culty  had,  as  we  have  seen,  presented  itself  to  Ilooke',  half  a  century 
bttore,  and  forced  him  to  resort  to  a  former  "  crisis  of  nature:"  but 
GenercHi  defended  his  position  by  showng  liow  numerou;*  were  the 
accounts  of  eruptions  and  earthquakes,  of  new  islands,  and  of  cleva- 
tioDs  and  anhsidenees  of  hnd,  and  yet  how  much  greater  a  number  oC 
like  efcAta  muat  have  teen  unattested  and  unrecorded  during  the  hist 
six  tbooaand  years.  He  also  appealed  to  YaUisnert  as  an  authority  to 
prove  that  the  mineral  masses  cootMning  shells,  bore,  upon  the  whole, 
but  «  small  proportion  to  those  rocks  which  worn  destitute  of  organic 
remains ;  and  the  latter,  says  the  learned  monk,  might  have  been  created 
as  they  nf>w  exi^t,  in  the  hefjinnin^. 

Genereiii  ilien  describes  Llie  conlinual  waste  of  mountains  and  conti- 
nents, by  the  action  of  rivera  and  torrents,  and  concludes  with  these 
eloquent  and  original  observatious : — "  Is  it  po&sible  that  this  waste 
skoidd  Iwve  continusd  for  nz  thousand,  and  perhaps  a  greater  number 
ef  yean,  and  that  the  mountains  should  remain  so  great,  unless  their 
luina  have  been  repaired  ?  Is  it  credible  that  the  Author  of  Nature 
should  have  founded  the  world  upon  such  laws,  as  that  the  dry  land 
should  forever  be  growing  smaller,  and  at  last  become  wholly  sub- 
asei^ed  beneath  the  waters  ?  Is  it  credible  that,  amid  m  many  created 
things,  the  monntiiins  alone  should  daily  diminish  in  number  and  bulk, 
without  tliere  being  anv  repair  of  tluMr  losses?  'J'liis  would  be  contrary 
to  that  order  of  Providence  which  is  seen  to  reign  in  all  other  things  in 
the  universe.  Wherefore  I  deem  it  jtu»t  to  conclude,  that  the  same 
cause  which,  in  the  beginning  of  time,  rused  mountains  from  the  abyss, 
hss  down  to  the  present  day  continued  to  prodnoe  others,  in  order  to 
restore  from  time  to  time  the  losses  of  all  such  as  sink  down  in  diSetent 
piscest  or  are  rent  asunder,  or  in  other  way  suffer  disintegration.  If 
this  be  admitted,  we  can  easily  undentand  why  there  should  now  be 

*  "  Abbomioo  al  aommo  qaalsivoglia  »i»tema,  cbe  sia  di  pianta  fabbricato  in 
aria ;  mamme  qnando  6  tale,  che  noii  poasa  Bosteneni  seaza  un  miraculo,"  Ac — 
Crotar.  i  e  di  altro  Produt  del  Mare,  Ac  1749. 

S«iua  violeaze,  senai  finsioui,  aeota  Mpposti,  Moia  mincolL'*  Be'  Crottaeai 
•Itre  Ftodns.  del  Mara,  17491 
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found  upon  many  monntauiw  so  great  m  number  of  Crustacea  and  other 

marine  nnimals.** 

In  the  above  extract,  I  have  not  merely  enumerated  the  opinions  and 
ficLs  which  RTf  confirmed  by  recent  observation,  suppressing  all  that 
has  bince  ^  <  d  to  be  erroneous,  but  have  giv^•n  a  faithful  abridgment 
of  the  entire  treatise,  with  the  omission  only  of  Moro's  hypothesis,  which 
Generelli  adopted,  with  all  its  faults  and  excelleoces.  The  ii:ader  wUl 
therefoTQ  icmaifc,  tlial  although  tUa  adodrabto  eaeaj  ambcMea  to  laige 
ft  portkm  of  the  princtpa!  objeel^of  geologksal  reaearoht  it  makea  no 
•Uuflkm  to  the  eitinclMm  of  eertno  elaaMa  of  aniniab ;  and  it  k  evident 
that  no  o|nmona  on  tlua  head  had,  at  that  time,  gained  a  firm  footing  in 
Italy.  That  Lister  and  other  English  ntttaralists  shouM  long  before 
have  declared  in  favor  of.  the  o(  species,  while  Scilla  and  most  of 
his  countrymen  hesitated,  was  perhaps  natural,  since  the  Italian  muse- 
ums were  tilled  with  fo^il  shells  belonging  to  species  of  which  a  great 
portion  did  actually  exist  in  the  Medilen-anean  ;  whereas  the  English 
collecton>  could  obtain  no  recent  species  from  such  of  their  own  strata 
as  were  then  explored. 

Hie  wealeat  point  In  Moio'a  syttem  eonriaCedin  deriring  oil  the  alnt- 
ified  rocks  from  Toleaue  ejections ;  an  absurdity  which  his  opponents 
toolc  cafe  to  expose,  espeoally  Vito  AmicL*  Horo  seems  to  Imve  been 
misled  by  his  anxious  desire  to  represent  the  formation  of  secondaiy 
rocks  as  having  occupied  an  extremely  short  period,  while  at  the  same 
time  he  wished  to  employ  known  agents  in  nature.  To  imagine  tor- 
rents, rivers,  currents,  partial  floods,  and  all  the  operations  of  moving 
water,  to  have  gon«'  «m  exerting  an  energy  many  thousand  times  greater 
than  at  present,  would  have  appeared  preposterous  and  incredible,  and 
would  have  required  a  hundred  violent  hypotheses;  but  we  are  so  unac- 
quainted with  the  true  sources  of  subterranean  disturbances,  that  their 
fonner  ^knce  may  m  theoiy  be  multiplied  indefimtely,  without  its 
bang  pofisible  to  prove  the  same  mamfest  contradiction  or  absurdity  in 
the  conjecture.  For  tins  reason,  peihaps,  Horo  preferred  to  derive  the 
materials  of  the  strata  from  Tolcanic  ejections^  rather  than  from  trana- 
portation  by  running  water. 

Marsilli. — Marsilli,  whose  work  is  alluded  to  by  Generelli,  had  been 
prompted  to  institute  inquiries  into  tho  }>*^d  of  the  Adriatic,  by  discov- 
ering, in  the  territory  of  Parma  (what  Spada  had  observed  near  Verona, 
and  Sehiavo  in  Sicily),  that  fossil  shells  were  not  scattered  through  the 
rocks  at  random,  but  disposed  in  regular  order,  according  to  certain 
genera  and  species. 

Fttaliimo  DwaHt  1760.— But  with  a  view  of  throwmg  further  light 
upon  these  questions,  Donati,  in  1760,  undertook  a  more  extensive  inves- 
tigation of  the  Adriatic,  and  diM»wered,  by  numerous  soundings,  that  de- 
posits of  sand,  marl,  and  tufaceous  incrustations,  most  strictly  awilogous 
to  those  of  the  Subapennine  hills,  were  in  the  act  of  accumulating  theru, 

*  Soi  Tcataoei  dellaSioOi^ 
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Hft  BSeert^ned  thai  there  were  no  shells  in  some  of  the  submarine 
tracts,  while  in  other  places  they  lived  togetlier  in  families,  particularly 
(he  genera  Area,  Peoton,  Ycnus,  Murnx,  and  some  others.  He  alsc 
states  that  in  divers  !r»<-r»litips  he  found  a  miiss  composed  of  corals, 
shells,  and  crustaceous  bodies  of  different  species,  confusedly  blended 
with  eartli,  .«and,  and  gravel.  At  tlie  deplli  of  a  foot  or  more,  the 
organic  substances  were  entirely  petrified  and  reduced  to  marble ;  at 
kn  than  a  foot  from  the  smffiice,  they  approacbed  nearer  to  tbdr  nata- 
nl  Me;  while  at  the  snifiMe  they  were  alive,  or^  if  dead,  in  a  good 
•tale  of  pieienralion.  , 
BaUmin,^A  contemporary  nataialist,  Baldaaaari,  had  ahown  that 
the  organic  remains  in  the  teriaaiy  marls  of  the  Siennese  territory  were 
grouped  in  families,  in  a  manner  precisely  similar  to  that  above  alladed 
to  by  Donati. 

Bf(£^on,  1749. — Buffon  first  mnde  known  his  theoretical  views  con- 
c<min;X  ^he  former  chani^es  of  tin'  •  arth,  in  his  Natural  History,  pub- 
lished in  1749.  He  adopted  the  iln  of  an  original  volcanic  nucleus, 
together  witli  the  universal  ocean  oi  Leibnitz.  By  this  aqueous  envel- 
ope the  highest  mountains  were  onee  covert.  IbHne  currents  then 
acted  violently,  and  formed  horiiontal  strata*  by  washing  away  solid 
matter  m  tome  parts,  and  depositing  it  in  others;  they  also  excavated 
deep  sabmarine  vaUeys.  The  level  of  the  ocean  was  then  depressed  by 
the  entrance  of  a  part  of  its  waters  into  subterranean  caverns,  and  thus 
some  Imd  was  left  dry.  Buflfon  seems  not  to  have  profited,  like  Leib- 
nitz  and  Moro,  by  the  observations  of  Steno,  or  he  could  not  liave  ima- 
gined that  the  strata  were  generally  horizontal,  and  that  those  which 
ooQiain  organic  remains  had  never  been  disturbed  since  the  era  of  their 
formation.  He  waij  conscious  of  the  great  power  annually  exerted  by 
rivers  and  marine  corrents  in  transporting  earthy  materials  to  lower 
levels*  and  he  even  contemplated  the  period  when  they  would  destroy 
an  the  present  continents.  Although  in  geology  he  was  not  an  original 
ebserver,  his  genius  enable  him  to  render  his  hypotlwas  attractive ; 
sad  by  the  eloquence  of  his  styl< .  m  i  the  boldness  of  his  speculations, 
he  awakened  curiosity,  and  provoked  a  spirit  of  inquiry  amongst  his 
countrvmen. 

^^<^on  after  the  publication  of  his  "  Natural  History,"  in  which  was 
included  his  "  Theory  of  the  Earth,"  he  received  an  official  letter  (dated 
January,  1751)  from  the  Sorbonne,  or  Faculty  of  Theology  in  Piiris, 
informing  him' that  fourteen  propositions  in  his  works  "  were  reprehen- 
iible,  and  contrary  to  the  creed  of  the  church.**  The  fint  of  these  ob- 
nosioua  passages,  and  the  only  one  relalang  to  g^logy,  waa  as  follows : — 
"The  watera  of  the  sea  have  produced  «lie  mountainaand  valteys  of  the 
Isad — thr  waters  of  the  heavensi,  reducing  all  to  a  level,  w  ill  at  last  de- 
liver the  whole  land  over  to  the  sea»  and  the  sea  successively  prevuling 
over  the  land,  will  leave  dry  new  continents  like  those  which  we  in- 
habit.** Buffon  was  invit-  d  bv  the  College,  in  verv  courteous  terms,  to 
send  in  an  explanation,  or  rather  a  recantation  of  bis  unorlhodox  opin* 
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ions.  To  this  he  5;iibmilted  ;  and  a  general  assemhlv  of  the  Faculty 
havinr,'  approved  of  his  "  Declaration,"  he  was  required  to  publish  it  in 
his  next  work,  'I'ho  docuinent  begins  with  those  words  : — "  I  dt'clHre 
that  I  had  no  nitcuiioti  to  contradict  the  text  of  Scnptuic ;  that  1  be- 
lieve most  firmly  oil  therein  related  about  the  creatioii«  both  as  to  order 
of  time  aod  matter  of  fact ;  and  /  abandon  wtry  ikkiff  in  my  book  r»> 
tpeeting  the  foundaiUm  of  tk*  earth,  and,  geoeraUj,  all  wliioh  maj  be 
coDtnuy  to  the  nanatkm  of  Hoaea.*'* 

The  grand  principle  which  Baffoo  waa  called  upon  to  itoounoe  waa 
«imply  this, — ^that  the  present  mountaina  and  Talleya  of  the  earth  are 
due  to  secondary  causes,  and  that  the  same  causes  will  in  time  destroy 
all  the  continents,  hills,  and  valleys,  and  reproduce  others  like  them." 
Now,  whatever  imiy  be  the  defects  of  many  of  his  views,  it  is  no  longer 
controverted  that  the  present  continents  are  of  si.coudary  origin.  The 
doctrine  is  as  firmly  establisiied  u^s  the  earth's  rotation  on  it^  ;  and 
that  the  land  now  elevated  above  the  level  of  the  sea  will  not  endure 
forever,  is  an  opbion  which  gains  ground  daily,  in  proportion  aa  we 
enlarge  our  experience  of  the  ohanges  now  in  progress. 

Tar^ioiii,  1751. — ^Tatgioni,  in*  faia  ▼olominoas  "IVavels  in  Toaeany, 
1751  and  1754,"  labored  to  fill  up  the  skelch  of  the  geology  of  that 
region  left  by  Steno  sixty  years  before.  Notwithstanding  a  want  of 
arrangement  and  condensation  in  his  memoirs,  they  contained  a  rich 
store  of  faithful  observations.  He  has  nbt  indulged  in  many  (general 
views,  but  in  regard  to  the  orir^in  of  valleys,  he  was  opposed  tt)  the 
theory  of  Buffon,  who  attributed  them  principally  to  submarine  currents. 
The  Tuscan  naturalist  labored  to  show  that  both  the  larger  and  smaller 
valleys  of  the  Apennmes  were  excavated  by  rivers  and  floods,  caused 
hj  the  bnrsting  of  the  bflrrien  of  Itkm,  after  the  retreat  of  the  ocean. 
He  also  maintained  that  the  elephanta  and  other  quadrupeds,  so  fre* 
qnent  in  the  hicnstrine  and  alluvial  deposits  of  Itsly,  had  inhabited  thai 
peninsula  ;  and  had  not  been  transported  thither,  as  Bome  had  oonoaved» 
by  Hannibal  or  the  Romans,  nor  by  what  they  were  pleased  to  term 
"  a  catastrophe  of  nature." 

Lehman,  1756. — In  tlie  year  1756  the  treatise  of  Lehman,  a  German 
nuneralo!^i*5t,  and  director  of  the  Prussian  mines,  appeared,  wlio  also 
divided  mountains  into  three  classes  :  the  first,  those  formed  with  the 
world,  and  prior  to  the  creation  of  animals,  and  which  contained  no 
fragments  of  other  rocka ;  the  second  class,  those  which  r^ulted  from 
the  parUal  deatmetion  of  the  primaiy  rocka  by  a  general  revidtttion ; 
and  a  thhrd  chas,  resulting  from  local  revolutions,  and  in  part  from  the 
deluge  of  Noah. 

A  French  transl  itinn  of  this  work  appeared  in  1759,  In  the  preface 
of  which,  the  translator  displays  very  enli<;htened  vicwa  respecthig  the 
operations  of  earthquakes,  aa  well  aa  of  the  aqueous  eauses.f 

•  Hi«t.  Nat.  torn.  v.  ('d.  Ac  I'Tnip.  Ttoyule,  Pari?,  1769. 
f  Euai  d'uDQ  Hist.  HaL  dcs  Couches  de  la  Terre,  1769. 
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Guner,  1758. — In  thb  year  Oesner,  die  botanist*  of  Zuricli,  poib- 

ishfd  nn  excellent  treatise  on  petrifactions,  and  the  clKinujes  of  the 
^  Mith  which  they  testify.*    After  a  detailed  enumeration  of  the  various 
elnws  of  fo;>^ils  of  the  animal  and  vec^etable  kingdoms,  and  remarks  on 
ihe  (iilTi-rent  st  ite^^  iri  which  they  are  found  petrified,  he  considers  the 
'^'''ological  phenomena  connected  with  tliem  ;  obsening,  that  some,  like 
iboac  of  QCninircn,  n-sembled  the  testacea,  fish,  and  plants  indigenous 
b  the  neighboring  region  ;f  while  some,  such  us  ammonites,  gryphites, 
iidemnitest  and  other  shells,  are  either  of  unknown  species,  or  found 
solj  m  (he  Indian  and  other  distant  seas.   In  order  to  elucidate  the 
itraetnre  of  the  earth,  he  gives  seetions,  from  Yerenius*  Bnfibn,  and 
Q^ttTit  obtained  in  d^ging  wells ;  dntingutshes  between  horisontal  and 
inclined  strata;  and|  in  .speculatint^  on  the  causes  of  these  appearancea» 
Beoiions  Donati's  eiamination  of  the  bed  of  the  Adriatic ;  the  filling 
wp  of  lak/es  and  seas  by  sediment ;  the  imbedding  of  shells  now  in  pro- 
gress ;  and  many  known  efTects  of  earthquakes,  such  as  the  sinkinj^ 
down  of  di.strict-s,  or  tlio  heavin;j^  up  of  the  bed  of  the  sea,  so  as  to  form 
new  i>lrinds,  and  lay  dry  strata  containinL^  petrifactions.    The  ocean,  he 
biiys,  doicrts  its  shores  in  many  countries,  us  on  tiie  borders  of  the 
Baltic ;  but  the  rate  of  recession  has  been  so  slow  in  the  last  2000 
jmn,  that  to  allow  the  Apennines,  whose  snmouts  are  filled  with  marine 
thelh,  to  emerge  to  their  present  hdght,  would  have  required  about 
M,000  years, — a  lapse  of  time  ten  tames  greater,  or  more,  than  the  age 
tf  the  universe.    We  must  therefore  refer  the  phenomen<m  to  the  com- 
Bund  .of  the  Deity,  related  by  Moses,  that  "  the  waters  should  be 
gathered  U^ether  in  one  place,  and  the  dry  land  appear."  Gesner 
*4i.'{)ted  the  views  of  Leibnitz,  to  account  for  the  retreat  of  the  primeval 
(Vt;tn  :  liis  essay  displays  much  erudition  ;  and* the  opinions  of  preced- 
ing writers  of  Italy,  Germany,  and  England,  are  commented  upon  with 
fairness  and  discrimination. 

ArduinOf  1759. — In  the  year  following,  Arduino,|  in  his  memoira  on 
the  mountains  of  Padua,  Yieenia,  and  Terona,  deduced,  from  original 
«biervaUoDS,  the  distinction  of  rocks  into  primary,  secondary,  and  ter- 
tiary, and  showed  that  in  those  districts  there  had  been  a  succession  of 
labmarine  volcanic  eruptions. 

MicKell,  1760.— In  the  foUowbg  year  (1760)  the  Bev.  John  Michell, 
Woodwardian  Professor  of  Mineralogy  at  Cambridge,  publlslied  in  the 
Philosophical  Transactions,  an  Essay  on  the  Cause  and  Pfi'  nomena  of 
£arthquakcs.g    His  attention  had  been  drawn  to  this  subject  by  the 

•  John  Oesnor  published  at  LeyJen,  in  Latin.  f  Part  iL  chap.  9.  . 

t  Gionule  del  Oriselini.  1769. 

LSce  a  sketch  of  tin-  Hi-^tory  of  Enijlisli  Opolofry,  by  Dr.  Fitton,  in  Eduib.  Rer. 
1818,  re  cditetl  Loml.  and  Ediiib.  riul.  Ala;,'.  voIh.  i.  ;uul  ii.  1832-3.  Some  of 
MklielVa  obwrvationA  anticipate  in  so  remarkablH  a  mumu  r  the  tlioories  efttablisbed 
iiftv  vcara  nft«'rwanls,  that  his  writinjr"  wmild  probably  have  formed  an  era  in 
(ha  ecieiice,  if  hit  researches  hud  bccu  uitiuterrupted.  He  held,  howerer,  his  pro> 
fMaorship  only  eight  years,  when  his  career  was  suddenly  cut  short  by  preferment 
It  a  haoefics.  Fram  that  time  he  appears  to  have  been  ecigaged  m  hi*  clerical 
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great  earCliqiiakie  of  Idsboii  in  lt56.  He  advaneed  many  original  m£ 
pfafloaopliieal  viewa  reepeeting  ihe  propagatioii  of  aoMeiTaiieaB  move* 

ments,  and  the  enmnm  aod  fieures  wherein  steam  might  be  geoenlad. 
In  order  to  poiai  out  the  application  of  his  theoiy  to  the  structure  of 

the  globe,  h«  was  led  to  describe  the  arrangement  and  disturbance  of 
the  strata,  th^r  usual  horizontality  in  low  counfn«^s,,  and  their  contortions 
and  fnictured  stat^_*  in  tlie  neijrhborhood  of  mountam  chains.  He  also  ex- 
plaintnl,  with  surprising  accuracy,  the  relations  of  the  centml  ridges  of 
older  rocks  to  the  "  long  narrow  blips  of  similar  earth,  stones,  and  miner- 
als,'* which  are  paialld  to  these  ridges.  In  his  generalisations,  d^vMl 
in  great  part  from  hu  own  ohsenrations  on  the  geological  stmetne  of 
Torkshire,  he  aaticipated  many  of  the  views  more  fidlj  developed  If 
later  natttralistk 

Catcott,  1761. — ^Miehell's  papers  were  entirdy  firee  from  all  phynoo-' 

theological  di«^quisitions,  but  some  of  his  contemporaries  were  still  ear- 
nestly engaged  in  defending  or  impugning  the  Woodwardian  hypothesis, 
"We  find  many  of  these  writings  referred  to  hv  Cateott,  a  Hutchinsonian, 
•v.ii')  Tuiblished  a  "Treatise  on  the  Deluge"  in  1761.  He  labored  par- 
,  ticularly  to  refute  an  explanation  offered  by  his  contemporary,  Bishop 
Clayton,  of  the  Mosaic  writings.  That  prelate  had  declared  that  the 
deluge  "  oould  not  be  literally  true,  save  in  respect  to  that  part  where 
Noah  lived  before  the  flood.**  Cateott  insisted  on*  the  universalitj  of 
the  deluge*  and  referred  to  traditions  of  inundatioiis  mentioned  bj  sa- 
clent  writers,  or  by  travellers,  in  the  East  Indies,  China,  South  America, 
and  other  countries.  This  part  of  his  book  is  valuable,  although  it  is 
not  easy  to  see  what  bcarin'jf  tbf  traditions  have,  if  admitted  to  be  au- 
thentic, on  the  lii'.hop's  argument,  sinrp  no  evidence  is  adduced  to  prove 
that  the  cntastruplies  we're  contempuraneous  events,  while  some  of  tbena 
are  exprei»«>ly  represented  by  ancient  authors  to  have  occurred  in  suc- 
eeasbn. 

— Odcatdi,  1761.— The  doetrioes  of  Ardnino,  above  adverted 
to^  were  afterwards  confirmed  by  Fortts  and  Besmarest,  in  th^r  travds 
in  the  Mune.  country ;  and  th^»  as  well  as  Bntdasaari,  labored  to  com- 
plete the  history  of  the  Snbapennine  strata.  In  the  work  of  Odoardi.f 
there  was  also  a  clear  argument  in  fisvor  of  the  distinct  t^es  of  the  older 
Apennine  strata,  and  the  Subnpcnnine  formations  of  more  recent  ori- 
gin. He  pointed  out  tint  the  strata  of  these  two  groups  were  uncon- 
formable,  and  must  have  been  the  deposits  of  different  seas  at  distant 
periods  of  time. 

Raape^  1*763. — A  history  of  the  new  islands,  by  Raspe,  a  Hanove- 

dutios,  and  t(i  have  i-ntirely  discontinued  hia  Kicntific  pursuits,  exemplifying  the 
working  of  a  syBtem  stiU  in  force  at  Oxford  and  Cmmbridge,  where  the  choirs  oi 
mstbemBtie*.  nmtunil  philosophy,  chemtotrf,  botany,  astroiiomy,  gooloijy.  mineral' 
Ojjy,  and  otlicrs.  l>eiiii;  frcqiiL'iitly  filled  by  clergymen  tlr  i  cwanl  of  succi'ss 
qualifies  them,  if  they  conscientiously  discharge'  their  new  duties,  from  farther 
wnsBtam^  tti««  csttse  of  aetenee,  and  that,  too,  at  the  aMcnsiii  when  their  labais 
Would  in'iu  il'y  b*'ar  the  richest  fruits. 
*  Sui  Curpi  Marim  del  Feltrino^  1701. 
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rim,  appeared  in  1763,  in  Latin.*'    In  this  wwk,  all  the  autheotio  ae* 

oount:$  of  earthquakes  which  had  produced  permanent  changes  on  fho 
solid  parts  of  the  enrth  were  collected  together  and  examined  wiili  judi- 
cious criticbin.    The  hf^t  systems  which  had  been  proposed  concerning 
the  ancient  liistory  of  the  globe,  both  by  ancient  and  modern  writers, 
are  reviewed ;  and  the  merits  and  defects  of  the  doctrines  of  Hooke, 
Baj,  Moco^  Bufibo,  and  others,  fairly  eatimated*.  Qiaat  adanimtSoD  it 
expteMcd  for  tbe  hTpotbeds  of  Hooke,  and  lus  explanation  of  iha  origin 
of  the  etnta  ia  ahown  to  have  been  more  eoneot  than  Moro*a,  while  their 
theor)'  of  the  elkctM  of  earthquakea  was  tbe  same.  Baspe  had  not  seen 
Miebell's  memoin»  and  his  ?iews  concerning  tbe  geolc^ical  structore  of 
the  earth  were  perhaps  less  enlarged  ;  yet  he  was  able  to  add  many 
additional  arguments  in  frwnr  of  Hook's  theory,  and  to  render  it,  he 
said,  a  nearer  approach  lo  what  Hooke  would  have  written  had  )it  lived 
in  later  times.    As  to  the  periods  wherein  all  the  eartliquakes  ljaj)j)ened, 
to  which  we  owe  the  elevation  of  various  parts  of  our  continents  and 
ii]aiida»  Baspe  says  he  pretends  not  to  asa^  Ukdr  duration,  still  leaa  to 
defend  Hoofcs's  snggesCioo*  that  the  eonvnlsiona  ahnost  all  took  plaee 
Mug  the  deluge  of  UToah.   He  adverts  to  the  apparent  Indioatioas  of , 
the  former  tropical  heat  of  the  <^mate  of  Surope»  and  the  ehanges  in 
tbe  specie  of  animus  and  plants,  as  among  the  most  obscure  and  diffi- 
cult problems  in  geology.    In  regard  to  tlic  islands  raised  from  the  sea» 
witliin  the  timt^  of  history  or  tradition,  he  declares  that  some  of  thera 
were  composed  of  strata  containine  f^rganic  remains,  and  that  they  were 
not,  OS  iiuiion  hud  asserted,  madu  of  mere  volcanic  mutter.    Hi:*  work* 
coQoludea  with  an  eloquent  exhortation  to  naturalists  to  ezaaune  the  iake 
vliieh  rose,  m  1707,  in  the  Grecian  Arehipeligo,  and,  in  1 7 20»  in  the  Asore^ 
aad  not  to  negleet  sooh  splendid  opportunities  of  stndying  nature  in 
the  set  of  partoiitioD."  That  Hooke'a  wiitmgs  should  have  been  neg> 
leeted  for  more  than  half  a  century,  w;is  matter  of  astonishment  to 
Kaspc ;  but  it  is  still  more  wonderful  that  his  own  luminous  exposition 
of  that  theory  should,  for  more  than  another  half  oeotnrjr*  have  excited 

iO  little  interest. 

Fuchel,  17G2  and  1773. — Fuchsel,  a  German  physician,  })ubli&lied, 
in  1762,  a  geological  description  of  the  country  between  tlie  Thuringer- 
mld  and  tbe  Uartz,  and  a  memoir  on  the  environs  of  Rodelstadt  ;f  and 
slWrunds,  in  1773,  a  theoretical  work  on  the  ancient  biatoiy  of  the 
ssrth  lad  of  maa4*  He  bad  evidently  sdvsnced  consklerably  bejood 
his  predecessor  Lehman,  and  was  aware  of  the  distinctness;,  both  aa  to 
psHtion  snd  fossQ  contents,  of  several  groups  of  strata  of  different  ages, 
cone^ionding  to  the  secoodaiy  formatioos  vow  recognised  bygeologista 

•  Da  NotU  e  Mari  XatM  In'^ulis.  Raspe  was  also  thi?  editor  of  the  "  r})il(>?i>p)v> 
ical  Wc^rki  of  Leibuiti.  Aui»t.  tit  Leipzig;.  1766  ;"  aUo  autW  ui  "  Taaciiu'o  Gtsui*," 
«c<l  "  li  arou  Munchausen's  Travels." 

♦  AjcSa  Acadenii.x"  El«'(  t''rulii  Ma!?vii)(ina',  vol  :i     Erfurt  ^        ■  • 
tT1u«  account  of  Fucltaei  ia  durivetl  fruai  au  tixcciient  analysis  of  his  meoioin 
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in  various  parts  of  Gormnriy.  He  Rupposed  llie  Europenn  continents  tc 
have  remaincil  covered  i  liosoa  until  the  formattf^n  nf  the  marine  ■  trata, 
called  in  Germany  "muschelkalk,"  at  the  same  lime  that  the  terrestrial 
plants  of  many  European  deposits,  attested  the  existence  of  dry  land 
which  bordered  the  ancient  sea ;  land  which,  therefore,  must  have  occu- 
pied Hie  place  of  the  present  ocean.  The  pre-exiBting  oontinent  had 
been  gradually  swalloired  up  by  the  eeiif  dsBereat  parts  having  subsided 
m  succession  into  subterranean  caverns.  All  the  sedimentaiy  etrata 
were  originally  horiiontal,  and  their  present  state  of  derangeoient  must 
be  referred  to  subsequent  oscillations  of  the  ground. 

As  there  were  plants  and  r^nimals  in  the  ancient  periods,  so  also  there 
must  have  been  men,  but  tiiey  did  not  all  descend  from  one  pair,  but 
were  created  at  various  points  on  the  earth's  surface  :  rmd  tlie  number 
of  these  distinct  birth-placet>  wai>  as  great  as  are  the  original  languages 
of  nations. 

In  the  writings  of  Fuchsel  we  see  a  strong  desire  manifested  to  ex- 
platn  geological  phenomena  as  far  as  possible  by  reference  to  the  agency 
of  known  causes ;  and  although  some  of  bis  speculations  were  fanciful, 
bis  views  coincide  much  more  nearly  with  those  now  generally  adopted* 

than  the  theories  afterwards  promul^Mted  by  Werner  and  his  followers, 
Brander,  1766. — Gustavus  Brander  published,  in  1766,  his  "  Fossilia 
Hantonii-nsia,"  containing  excellent  figures  of  fossil  shells  from  the  more 
mndrrn  (or  Kocen<')  marine  strata  of  Hampslure.  "Various  opinions," 
lie  says  in  the  preface,  "  had  been  entertained  concerning  the  time  when 
and  how  these  bodii  s  became  deposited.  Some  there  are  who  conceive 
that  it  might  have  been  efl'ected  in  a  wonderful  length  of  time  by  a 
gradual  changing  and  shifting  of  the  sea/'  &c.  But  the  most  common 
'  cause  assigned  is  that  of  "the  deluge."  This  conjecture*  be  says,  even 
if  the  universality  of  the  flood  be  not  <^1ed  in  question,  is  purely  hypo-  . 
thetical.  In  his  opinion,  fotoil  animals  and  testacea  were,  for  the  most  . 
pari,  of  unknown  species ;  and  of  such  aa  were  known,  the  living  ana- 
logues now  belonged  to  southern  latitudes. 

Soldani,  1 780.— Soldani  applied  successfully  his  knowledc^e  of  zoology 
to  illustrate  the  history  of  stnitified  masses.  He  explained  that  micro- 
sfopic  testacea  and  zoophytes  inliabited  the  depths  of  the  Mediterranean  ; 
nnd  that  the  fossil  specit  s  Avere,  in  like  manner,  found  in  those  deposit* 
wherein  ilie  liaeness  of  their  particles,  and  the  absence  of  pebbles,  im- 
plied that  they  wore  accumulated  in  a  deep  sea,  or  &r  from  shore.  Thia 
author  first  remarked  the  alternation  of  marine  and  freshwater  strata  in 
the  Paris  basin.* 

FoiPtU — Tstlo,  l^M.'^A  lively  controversy  arose  between  Fortis  ana 
another  Italian  naturalist,  Testa,  concerning  the  fish  of  Monte  Bolca,  in 
1793,  Their  letters,!  written  with  great  spirit  and  elegance,  show  that 
they  were  aware  that  a  laige  proportion  of  the  Subapennine  shells  were 

*  Saggto  orittomfieo^  Ac  1780,  and  other  Works, 
t  LettsaiFeMiFoNiUdiBolM.  ]iihH^mS. 
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idenUcal  with  living  spedes,  and  some  of  them  with  species  now  Uvbg 
ia  the  torrid  aone.  Fortis  propoaed  a  somewhat  fanciful  conjectuie,  that 
when  the  volcnnoes  of  the  Vicentin  were  burnincf,  the  waters  of  tlie  Adri- 
atic had  a  higher  temperature;  and  in  this  manner,  he  said,  the  sliells 
uf  warmer  rcL,Mons  may  once  have  peopled  their  own  seas.  But  Testa 
w;i.s  dbjiosed  to  think  that  these  species  of  testacea  were  still  common 
to  iheir  own  and  to  et^uinoclial  seai>  ;  for  many,  h^  said,  once  suppo2>ed 
to  bo  confined  to  hotter  regions,  had  bem  afterwaida  diMKnrered  m  the 
lieditemnean.* 

0»ieti-^SpananMm»^Wailtniu^Wlulekur$t,~^^  these  Ital- 
nanatondistB,  together  with  Cortesi  and  SpaUaniaiu,  were  bosUy  en? 
gaged  in  pointing  out  the  analogy  between  the  deposits  of  modem  and 
aneieot  seas,  and  the  habita  and  aimngement  of  their  organic  inh  ibit- 

ants,  and  while  some  procuress  was  raakinj,  in  the  same  country,  in 
inve«tijTHting  the  ancient  and  modern  volcanic  rocks,  som*'  of  the  most 
oriL,anal  observers  among  the  English  and  German  writers,  Whileiiurstf 
aod  Wallerius,  were  wasting  their  strength  in  contending,  according  to 
tbe  old  Woodwardiau  liyputhcbis,  tiiat  all  the  strata  were  formed  by 
Vssh't  dduge.  But  Whitdrarst's  desoriptioa  of  the  roeka  of  Derby- 
diite  was  most  fiuthfnl ;  and  he  atoned  for  false  theoretical  viewa,  by 
prandtng  data  for  their  refutation. 

Paiku — Sautsure. — ^Towards  the  dose  of  the  eighteenth  century*  tbe 
idei  of  distinguishing  tbe  mineral  masses  on  our  globe  into  separate 
groups,  and  studying  their  relations,  began  to  be  generally  dilfused* 
Pallas  and  Saussure  were  among  the  most  cclehr  it^d  whose  labors  con- 
tnbuted  to  tliis  end.  After  an  attentive  exiuir  n  ition  of  the  two  great 
iDooxjlain  chains  of  Siberia,  Pallas  annouticeti  the  result,  that  tiie  gra- 
nitic rocks  were  ia  the  middle,  the  schistose  at  their  sides,  and  the  lime- 
•tones  agiun  on  the  outside  of  these;  and  this  he  conceived  would 

'  prore  a  genend  law  in  the  formation  of  all  chains  composed  chiefly  of 

'  primary  rocks.} 

In  his  "  Travels  in  Russia,"  in  1793  and  1794,  he  made  many  geo* 
kgteal  observations  on  the  recent  strata  near  the  Wolga  and  the  Cas- 
pian, and  adduced  proofs  of  the  greater  extent  of  the  latter  sea  at  no 

(ii>tant  era  in  the  earth's  history.  His  memoir  on  the  fossil  bones  of 
Siberia  attracted  attention  to  some  of  the  most  remarkable  phenomena 
in  geology.  He  stated  that  he  had  found  a  rhinoceros  entire  in  the  fro- 
len  soil,  with  its  skifl  and  flesh :  an  elephant,  found  afterwards  in  amass 

•  Tljiii  argument  of  To«ta  has  been  strengthened  of  late  years  by  the  discovery 
tint  deftlera  in  abells  bad  long  been  in  tlie  habit  of  aeUing  Mediterranean  spectea 
IS  Hhells  of  more  southern  and  distant  latitudes,  for  the  mlc«  of  enhancing  their 
price.  It  appears,  moreover,  from  several  huiidrrd  cxpLTinu  nts  made  by  that 
dbttngiiiahea  bydrogniplier,  Capt,  Smith,  on  the  water  within  eight  fathoms  of 
Umt  MirCMe.  thst  Uie  temperattm  of  the  Hoditerrwiean  is  on  an  avwa!;o  31"  of 
Falir<'ubeit  higher  than  the  wt'stern  part  of  thv.  Atlantic  ocean  ;  an  importai) I  fact, 
which  in  ■ome  degree  may  help  to  explain  why  many  species  are  oommon  to 
tropical  latitadee  end  to  the  Mediterraneiin. 

♦  Joquir}'  into  the  Oiif^inal  State  aiul  Formation  of  the  Earth,  1778. 

4  OUerv.  OD  the  Furmatioa  ol  Mooutains.   Act  Petrop.  ano.  1118,  part  i. 
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or ice  on  the  shore  of  the  North  Sea,  removed  all  doubt  as  to  the  ie- 
curacy  of  so  wonderful  n  discovery.* 

The  subjects  relating  to  natural  history  which  engaged  the  attention 
of  Pallas,  were  too  multifarious  to  admit  of  his  devotinsf  a  larjje  share 
of  bis  labors  exclusively  to  geology.  Saussure,  on  the  other  hand,  em- 
ployed the  tbM  portion  of  hb  time  in  studying  the  ttmctare  dt  the 
Alps  and- Jura,  and  be  provided  valnable  data  for  those  who  followed 
him.  He  did  not  protend  to  deduce  any  genernl  system  from  bis  numer- 
ous and  bterestlog  observations ;  and  the  few  theoretical  opinions  which 
escaped  from  bun,  seem,  like  those  of  Pallas,  to  have  been  chiefly  de- 
nved  from  the  oosmoiogioal  speoutotions  of  preoedmg  writeri. 


CHAPTER  17. 

HwronT  or  m  pboorms  or  oboiogt — eoiUinvtd, 

denier application  of  geoli^y  to  the  art  of  mining — EzcnraiTe  character  of  hi* 
lecture*— Enthuaiasm  of  his  pupils — ^Bit  ■iitlK>rit7'-Hia  theoretieal  error* 
Desmarest**  Hap  and  DeMsriptkm  of  Auvcrgtie — Controversy  Ix-twcen  the  Vul- 
caniHts  and  Neptuni^ts — Intemp«runre  of  the  rival  Njcts — Hultou's  Theory  <jf  f  he 
earth — His  discovery  of  granite  veins — Originality  of  his  vi<»ws — Why  opposed 
— Playfiur's  illustnittona — Inflaeneo  of  YolCaire**  wnting«  on  g^iKlogy — 1mputa> 
tiont  cast  on  tbe  Hnttoninns  by  Williams,  Kirwan,  wid  De  Luc — Smith's  Blap 
of  Ent^land — Qeolctgical  Soricty  of  T>vndon — ProgruM  of  the  fldoDoe  io  Asnoo 

■  — Growing  iuiportauoe  of  the  study  of  organic  remains. 

Werner. — ^Thb  art  of  mining  has  long  been  taught  m  France,  6er^ 
many,  and  Hungary,  in  scientific  institutions  established  for  that  pur* 
pose,  where  mineral'  gy  has  always  been  a  principal  branch  of  instruction. 

Werner  was  nam»  J,  in  1775,  professor  of  that  science  in  the  "  School 
of  Mines,"  at  Freyberg,  in  Saxony.  He  directed  his  attention  not 
merely  (o  the  composition  and  external  chriracters  of  minimis,  but  alsc 
to  what  lie  torrnod  "  i;«'(>q-no«y,"  or  the  natural  position  of  minerals  in 
particular  rooks,  to^rt'Lhci  with  the  grouping  of  those  rocks,  their  geo- 
graphical distribution,  and  various  relations.  The  iihenoiiiena  observed 
in  the  structure  of  the  globe  had  hitherto  senred  ror  little  else  than  to 
furnish  intoresting  topics  for  philohuphicai  diacuBsion ;  but  when  Werner 
pointed  out  then*  application  to  the  practical  purposes  of  mining,  they 
were  instantly  regarded  by  a  large  class  of  men  as  an  essential  part  ot 
their  professional  education,  and  from  that  time  the  science  was  enltiTai- 
ted  in  Eurnpr>  more  ardently  and  systematically,  Wemer*s  mind  was 
at  once  imaginative  and  richly  stor.'d  with  miscellaneous  kiio\vle(!«_r»>. 
He  associated  every  thing  with  his  tavorite  science,  and  in  his  excurbive 

*  Vov.  comm.  Pstr.  XYII  Cu Tier,  Vkfe  de  FsUai. 
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lectures,  he  poinled  out  all  the  economical  uses  cf  mmerals,  and  their 
appUcation  to  medicine  ;  the  influence  of  the  mineral  composition  of 
rocks  upon  the  soil,  atid  of  the  soil  upon  the  resources,  wealth,  and  civ- 
ilization oi  man.  The  vast  sandy  plains  of  Tartary  and  Africa,  he 
would  &xy,  retained  their  iuhabitunts  in  the  siia{^  of  wandering  bhep- 
lierds ;  the  granitte  nuKuiteiiis  and  the  low  eakateoos  and  allnfial  plains 
gave  rifle  to  diflerent  numnerfli  d^reea  of -wealth,  and  iDtdligenee.  The 
hiitory  even  of  hmgoages,  and  the  migmtion  of  tfihes,  had  heen  deter* 
mined  by  tlie  direclioii  of  particular  strata.  TbeqUBlities  of  certain  stones 
used  in  boilding  would  lead  him  to  descant  on  the  architecture  of  dif- 
ferent nores  and  nations ;  and  the  physical  jj^eo^^raphy  of  a  countn'  fre- 
quently invitcf!  l.im  to  treat  of  military  tactics.  The  charm  of  his  manners 
and  his  e]<j<ju  ii  <  kindled  enthusiasm  in  the  minds  of  his  pupils;  and 
many,  who  had  intended  at  first  only  to  acquire  a  slight  knowledge  of 
miaeralogy,  when  they  had  once  heard  him,  devoted  themselves  to  it  as 
the  bufiinesa  of  thrir  liyes.  In  a  few  years,  a  amall  school  of  mines, 
before  unheard  of  m  Europe,  yna  rslsed  to  the  rank  of  a  great  univer* 
aity;  and  men  already  dkUngnished  in  sctenee  studied  the  Qerman 
language,  and  came  from  the  most  distant  ooimtries  to  hear  the  great 
oracle  of  g<H)logy.* 

Werner  had  a  f,'reat  antipathy  to  the  mechanical  labor  of  writing,  and. 
with  the  exception  of  a  valuable  treatise  on  metalliferous  veins,  he  could 
never  be  persuaded  to  pen  more  than  a  few  brief  memoirs,  and  those 
conuiiaing  no  development  of  his  general  views.  Although  the  natural 
modesty  of  his  disposition  was  excessive,  approaching  even  to  timidity, 
be  bdulged  in  the  most  bold  and  sweeping  generalisations,  and  he  in- 
spired all  his  scholars  with  a  most  implicit  faith  in  his  doctrines.  Their 
admnratton  of  his  genius,  and  the  feelings  of  gratitude  and  friendship 
which  therjr  all  felt  for  him,  were  not  undeserved  ;  but  the  supreme  au- 
thority usurped  by  him  over  the  opinions  of  hb  contemporaries,  was 
eventually  prejudicial  to  the  proerress  of  the  ficience :  so  much  so,  m 
greatly  to  counterbalance  the  achantages  which  it  derived  from  his  ex- 
ertions. Tf  it  be  true  that  delivery  be  the  first,  second,  and  third  re- 
<|uisite  in  a  popular  orator,  it  is  no  less  certain,  that  to  fravel  is  of  first, 
second,  and  third  importance  to  those  who  desire  to  originate  Just  and 
comprehenave  views  concerning  the  structure  of  our  globe.  Now  Wer- 
ner had  not  travelled  to  distant  countries ;  he  had  merely  explored  a 
small  portion  of  Gefhiany,  and  conceived,  and  persuaded  others  to  be- 
lieve, that  the  whole  surface  of  our  plnnet,  and  all  the  mountun  chains 
in  the  world,  were  made  after  the  model  of  his  own  province.  It  be- 
came a  nding  object  of  ambition  in  the  minds  of  his  pnpils  to  confirm 
(lie  generalizations  of  their  great  master,  and  to  d-'^cover  in  tiie  most 
distant  partJi  of  the  globe  his  "  universal  formation^,  "  which  he  supposed 
bad  been  each  in  succession  simultaneously  precipitated  over  the  whole 
etrth  from  a  comin<m  menstruum,  or  "  chaotic  flukL**  It  now  appears 

•  Oarier,        do  Wmwr. 
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that  the  Sajcon  prores.M)i  had  misinterptt  lod  m  iny  of  the  most  important 
appearances  even  in  the  immedialc  neighborhood  of  Freyberg.  Thus, 
for  example,  within  a  day's  journey  of  his  scbool»  the  pcn-phyry,  called 
by  him  priiiiitive»  has  been  fcrand  not  only  to  send  forth  veins  of  dikes 
through  strata  of  the  coal  fonnatioo,  bat  to  overlie  them  in  masa.  The 
granite  of  the  Harts  mountains,  on  the  other  hand,  which  he  supposed 
to  be  the  nucleus  of  the  chain,  is  now  well  known  to  traverse  the  other 
beds,  as  near  Goslar ;  and  still  jiearer  Freyberg:,  in  tlie  Erz[,fcbirge,  the 
mica  slate  does  not  mantlo  round  the  grunitt^  as  was  supposed,  but  abuts 
abruptly  against  it.  Fragments,  also,  of  the  greywacko  slate,  containing 
organic  remains,  have  recuotly  been  found  entangled  in  the  granite  of 
the  llartz,  by  M.  de  Seckendorf.* 

The  principal  merit  of  Wenier!a  a3rstem  of  instruction  consisted  in 
steadily  directing  the  attention  of  his  scholars  to  the  constant  relations 
of  superposition  of  certain  minend  groups  ;  bat  he  had  been  anticipated, 
as  has  been  shown  in  the  last  chapter,  in  the  discovery  of  this  general 
18W»  by  several  geologists  in  Italy  and  elsewhere  ;  and  his  leading  di- 
visions of  the  secondary  strata  were  nt  the  same  time,  and  indopondpntly, 
made  the  basis  of  an  arrangement  of  the  British  strata  by  our  country- 
man, William  Smith,  to  whose  worli  1  s-hall  refer  in  the  seqtiel. 

Controversy  l/ilw£eii  the  VulcanUla  aitd  ^eplunists. — In  regard  to 
basalt  and  other  igneous  rocks,  Werner's  theory  was  original,  but  it  was 
also  extremely  erroneous.  The  basalts  of  Saxony  aod.Hcasep  to  which 
his  observations  were  chiefly  confined,  connsted  of  tabular  masses  capping 
the  bills,  and  not  connected  with  the  levds  of  ezistii^  valleys,  like  many 
in  Auvergne  and  the  Yivarais.  These  basalts,  and  all  other  rocks  of 
the  same  family  in  other  countries,  were,  accordUng  to  him,  chemical 
precipitates  from  water.  He  denied  thrit  they  were  the  products  of 
submarine  volcanoes  ;  and  even  taught  that,  in  llie  primeval  ages  rif  th*^ 
world,  there  were  no  volcuuoes.  His  theory  was  opposed,  in  a  twuiuld 
sense,  to  the  doctrine  of  the  permanent  agency  of  the  suuic  causes  in 
nature ;  for  not  only  did  be  introduce,  without  scruple,  many  imaginary 
causes  supposed  to  have  once  effected  great  revolutions  in  the  earth,  and 
then  to  have  become  extinct,  but  new  ones  also  were  fe%ned  to  have 
come  into  phiy  in  modem  times  ;  and,  above  all,  that  most  vblent  in- 
strument of  change,  the  agency  of  subterranean  heat. 

So  early  as  1768,  before  Werner  had  commenced  his  minmiloglcal 
studies,  Raspe  hnd  truly  characterized  the  basalts  o#  Hesse  as  of  igneous 
origin.  Arduino,  we  have  seen,  had  pointed  out  numerous  variclies  of 
trap-rock  in  the  Vicentin  as  antilogous  to  volcanic  product«i,  and  as  dis- 
tinctly referable  to  ancient  submarine  eruptions.  Desmareat,  as  before 
stated,  had,  in  company  withFortis»  examined  the  Ybratin  m  1706,  and 
confirmed  Arduino's  views.  In  1772,  Banks,  Solander,  and  Troil  com- 
pared the  columnar  basalt  of  Hecta  with  that  of  the  Hebrides.  Colfim, 

*  I  am  indebted  for  this  ioformatioQ partly  to  I^Ieaars.  Sedswiokand  Murchiwi^ 
who  hav«  investigated  the  country,  sod  partly  to  Dr.  Charles  Hartmsaa^  the 
traoiJstor  of  this  work  into  GeriiMa. 
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in  1774,  recognized  the  true  nature  of  the  igneous  rocks  on  llic  Rhine, 
b^twc-cQ  Andemach  and  Bonn.  In  1115,  Guettard  visited  the  Vivarais, 
and  established  the  relation  of  basaltic  currents  to  lavas.  Lazily,  in 
1779.  Faujas  published  hn  descriptioa  of  the  ▼oleanoes'  of  the  YivaFaie 
tod  Yday,  aod  showed  bow  the  Btreams  of  baaalt  had  powed  out  from 
fasten  which  still  remain  in  a  perfect  stale.* 

Desmarest. — Wbctt  sound  opinioDs  had  thus  for  twenty  years  pre- 
failed  in  Europe  concerning  the  troe  nature  of  the  ancient  trap-rocks, 
Werner  by  his  simple  dictum  caused  a  retrograde  movement,  and  not 
ODiy  overturned  the  true  theory,  but  substituted  for  it  one  of  t!ir  most 
unphilc^ophical  that  can  well  be  imagined.  Tlie  continued  ascendancy 
of  bis  (ioi^mas  on  this  subject  was  the  more  astonishing,  because  a  va- 
riety of  new  and  blriking  i^icts  were  daily  accumulated  in  favor  uf  the 
comet  opinioDs  previously  entertained.  Desmarest*  after  a  oarefnl 
ennmiatioii  of  Auvergne,  pointed  ont,  first,  the  most  recent  volcanoes 
wUeh  had  their  cratoe  still  entire,  and  their  streams  of  lava  conforming 
to  the  level  of  the  present  river-courses.  He  then  showed  that  thero 
vera  others  of  an  intermediate  epoch,  whose  craters  were  nearly  eflhoed, 
and  whose  Invas  were  le«is  intimately  connected  with  the  present  valleys  ; 
and,  k^tlr,  that  there  were  volcanic  r  rk^.  still  more  ntvicnt,  without 
any  di>c<'rnible  craters  or  scorice,  and  bearinnj  the  closest  analogy  to 
rucbi  iu  other  parts  of  Europe,  the  igneous  origin  of  which  was  denied 
by  the  school  of  Freyberg.f 

Desnoarest's  map  of  Auvergne  was  a  work  of  uncommon  merit*  He 
fiist  made  a  trigonometrical  survey  of  the  district*  and  delineated  ita 
phyncsl  geography  with  minute  accuracy  and  admiralde  graphic  power. 
He  contrived,  at  the  same  time,  to  express  without  the  aid  of  colors, 
maay  geological  details,  including  the  different  ages  and  sometimes  even 
the  structure,  of  tht;  volcanic  rocks,  and  distin<;uishini(  them  from  the 
fresh  wat.  r  and  the  granilic.  They  alone  who  have  carefully  studied 
AuviTLjne.  and  traced  the  different  lava  streams  from  their  craters  to 
their  termination, — the  various  iholated  basaltic  cappings, — the  rela- 
tion of  some  lavas  to  the  present  valleys, — ^the  absence  of  such  relations 
b  ethers, — can  appredata  the  extraordmaiy  fidelity  d  thb  elahorato 
work.  No  other  district  of  equal  dimeniibiis  in  Europe  exhibits,  per- 
lisps,  so  beautiful  and  varied  a  series  of  phenomena ;  and,  fortunately, 
l>ennsrest  possessed  at  once  the  mathematical  knowledge  required  for 
the  construction  of  a  mhp,  skill  in  mineralogy,  and  a  power  oif  original 
generalization. 

Dolomim — Montlositr. — Dolomicu,  another  of  Werner's  contempo- 
raries, had  found  prism?itic  basalt  amont^  the  ancient  lavas  of  Etna ;  and, 
in  1764,  had  observed  the  alternations  of  submarine  lavas  and  calcareous 
itiata  in  the  Val  di  Koto,  In  Sicily.^  In  also,  he  descrihed  simi* 
hr  phenomena  in  tho  Vicentin  and  in  the  Tyrol.§  MonUorier  puhhshed, 

*  Cavier,  Eloge  de  Dosnuurest 

f  Joarn.  dc  Phya.  vol  xiii  p.  1  IS ;  and  JUm,  de  I'Bwt,  Sdences  HsfhlmaL  st 
Vbj%.  voL  vL  p.  219. 
t  Joora.  ds  Fbjs.  touL  ssKv.  pk  191.        |  Ih,  torn.  mv&  part  iL  p.  tOO. 
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1788»  an  essay  on  the  t^^ries  of  ToIeaiioeB  of  Aav«tgne,  combmii^  . 

Accurate  local  observations  with  onmprohpnsive  views.  Notwithstand- 
ing this  mass  of  evidence  Pchoian>  of  Werner  were  prepared  to 
support  his  opinions  to  thi  ir  uirnost  extent  ;  maintaining,  in  the  fulness 
of  their  faith,  that  even  obsidian  was  an  aqueous  precipitate.  As  tbey 
were  blinded  by  their  veneration  for  the  great  teacher,  they  were  impa- 
tient of  opposition,  and  soon  imbibed  the  spirit  of  •  faction ;  and  their 
i^pooent^  the  YulcaiiisCe,  were  not  king  in  beooning  cootnminatfld  witli 
the  aame  intempente  seal.  BidiciUe  and  farony  were  weapons  more 
frequently  employed  than  argument  by  the  rival  eecta,  till  at  last  the 
controversy  was  carried  on  with  a  degree  of  hittemess  almost  unprece- 
dented in  qaestioi»  of  physical  science.  Desmarest  alone,  who  hM 
long  before  provided  ample  materials  for  refuting  such  a  theory,  kept 
aloof  from  the  strife  ;  and  ^vhenever  a  zealous  Neptunist  wished  to  rimw 
the  old  man  into  an  argument,  he  was  satisfied  wiUi  replying,  "  iio  aud 
see."* 

ffutton,  1788. — It  would  be  contrary  to  all  analogy,  in  matters  of 
graver  import,  that  a  war  should  rage  with  such  fury  on  the  Contioenty 
and  that  the  inhabitants  of  our  ishind  should  not  nungle  in  the  affray. 
Although  in  England  the  personal  influence  of  Werner  was  wantmg  to 
stimulate  men  to  the  defence  of  the  weaker  side  of  the  question,  they 
contrived  to  find  good  reason  for  espousing  the  Wemerian  errors  with 
great  enthusiasm.  In  order  to  explain  the  peculiar  motives  which  led 
many  to  enter,  even  with  party  feeling,  into  this  contest,  it  will  be  ne- 
cessary to  prc^*nt  the  reader  with  a  sketch  of  the  views  unfolded  by 
Hutton,  a  contemporary  of  the  Saxon  jijeologist.  The  former  naturalist 
had  been  educated  as  a  physician,  but  (leclinin*]^  the  practice  of  modi- 
cine,  he  resolved,  when  young,  to  remain  content  with  the  small  indi- 
pcndence  inherited  from  his  father,  and  thenceforth  to  give  his  undi- 
rided  attention  to  scientific  pursuits.  He  resided  at  Edinburgh,  where 
he  enjoyed  the  society  of  many  men  of  high  attiunments,  who  loved 
him  for  the  simplicity  of  lus  manners,  and  the  sincerity  of  his  character. 
His  application  was  unwearied  ;  and  he  made  frequent  tours  through 
different  parts  of  England  and  Scotland,  acquiring  considerabie  skill  as 
a  mineralogist,  and  consequently  arriving  at  grand  and  comprehensive 
views  in  geology.  He  communicated  the  results  of  his  observations 
unreservedly,  and  with  the  fearless  spirit  of  one  who  was  conscious 
that  love  of  truth  was  the  sole  stimulus  of  his  exertions.  When  at 
length  he  hud  matured  his  views,  he  published,  in  1788,  his  "Theory 
of  the  Esrth,"f  and  the  same,  afterwards  more  fully  developed  in  a 
aeparate  worl^  in  1795.  This  treatise  was  the  first  in  which  geology 
was  declared  to  be  in  no  way  concerned  about "  questions  as  to  the  ori- 
gin of  things tlie  first  in  which  an  attempt  was  made  to  dispense  en- 
tirely with  all  hypothetical  causes,  and  to  explsin  the  former  changes 
of  the  earth's  crust  by  reference  exclusively  to  natural  agents.  Huttoo 

*  Cavier,  Ekige  de  DemsrasL  f  ^       Trmna.  I'JSS. 
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labored  to  give  fixed  principles  to  geology,  as  Newton  had  succeeded 
in  doing  to  astronomy ;  but,  in  the  former  science,  too  little  progress 
had  been  made  towards  furnishing  the  necessary  data,  to  enable  any 
philosopher,  however  great  his  genius,  to  realize  so  noble  a  project. 

Huttonian  theory. — "The  ruins  of  an  older  world,"  said  Hutton, 
"  are  visible  in  the  present  structure  of  our  planet ;  and  the  strata 
which  now  compose  our  continents  have  been  once  beneath  the  sea,  and 
were  formed  out  of  the  waste  of  pre-existing  continents.  The  same 
forces  are  still  destroying,  by  chemical  decomposition  or  mechanical 
violence,  even  the  hardest  rocks,  and  transporting  the  materials  to  the 
sea,  where  they  are  spread  out,  and  form  strata  analogous  to  those  of 
more  ancient  date.  Although  loosely  deposited  along  the  bottom  of  the 
ocean,  they  become  afterwards  altered  and  consolidated  by  volcanic 
heat,  and  then  heaved  up,  fractured,  and  contorted." 

Although  Hutton  had  never  explored  any  region  of  active  volcanoes, 
he  had  convinced  himself  that  basalt  and  many  other  trap-rocks  were  of 
igneous  origin,  and  that  many  of  them  had  been  injected  in  a  melted  state 
through  fissures  in  the  older  strata.  The  compactness  of  these  rocks, 
and  their  different  aspect  from  that  of  ordinary  lava,  he  attributed  to 
their  having  cooled  down  under  the  pressure  of  the  sea  ;  and  in  order  to 
remove  the  objections  started  against  this  theory,  his  friend,  Sir  James 
Hall,  instituted  a  most  curious  and  instructive  series  of  chemical  exper- 
iments, illustrating  the  crystfilline  arrangement  and  texture  assumed  by 
melted  matter  cooled  under  high  pressure. 

The  absence  of  stratification  in  granite,  and  its  analogy,  in  mineral 
character,  to  rocks  which  he  deemed  of  igneous  origin,  led  Hutton  to  con- 
clude that  granite  also  must  have  been  formed  from  matter  in  fusion  ; 
and  this  inference  he  felt  could  not  be  fully  confirmed,  unless  he  dis- 
covered at  the  contact  of  granite  and  other  strata  a  repetition  of  the 
phenomena  exhibited  so  constantly  by  the  trap-rocks.  Resolved  to  try 
his  theory  by  this  test,  he  went  to  the  Grampians,  and  surveyed  the  line 
of  junction  of  the  granite  and  superincumbent  stratified  masses,  until  he 
found  in  Glen  Tilt,  in  1785,  the  most  clear  and  unequivocal  proofs  in 
support  of  his  views.  Veins  of  red  granite  are  there  seen  branching  out 
from  the  principal  mass,  and  traversing  the  black  micaceous  schist  and 
primary  limestone.  The  intersected  stratified  rocks  are  so  distinct  in 
color  and  appearance  as  to  render  the  example  in  that  locality  most 
striking,  and  the  alteration  of  the  limestone  in  contact  was  very  analogous 
lo  that  produced  by  trap  veins  on  calcareous  strata.  This  verification  of 
his  system  filled  him  with  delight,  and  called  forth  such  marks  of  joy 
and  exultation,  that  the  guides  who  accompanied  him,  says  his  biogra- 
pher, were  convinced  that  he  must  have  discovered  a  vein  of  silver  or 
gold.*  He  was  aware  that  the  same  theory  would  not  explain  the  origin 
of  the  primary  schists,  but  these  he  called  primary,  rejecting  the  term 
primitive,  and  was  disposed  to  consider  them  as  sedimentary  rocks  al- 


•  Playlair's  Works,  toL  iv.  p  7». 
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tend  by  heat,  and  that  they  onginated  id  tome  other  form  from  the  wast^ 

ni  previously  existing'  rocks. 

By  this  important  discovery  of  granite  veins,  to  which  he  had  been 
led  by  fair  induction  from  an  independent  class  of  facts,  Hutton  prepared 
the  way  for  the  greatcoat  innovation  of  the  systems  of  his  predece-ssors. 
Vallisneri  had  pointed  out  the  general  fact  ihut  there  were  certain  funda- 
mental rodn  wUdi  conteined  no  organic  remuns,  and  whieli  he  aopposed 
to  have  h^  formed  before  the  oreation  of  liTmg  beings.  Moro,  OeoereUif 
and  other  Italian  writen,  embraced  the  same  doctrine ;  and  Lehman  re- 
garded the  mountains  called  by  him  primitiTe,  aa  parte  of  the  original 
nucleus  of  the  globe.  The  same  tenet  was  an  article  of  fiuth  in  the 
•chool  of  Freyberg ;  and  if  any  one  Tentured  to  doubt  tlie  possibility  of 
our  being  enabled  to  carry  bark  our  researches  to  the  creation  of  the 
present  oixler  of  thinj^,  the  granitic  rocks  were  triumphantly  appealed 
1o.  On  them  seemed  irhtten,  in  legible  characters,  the  memomble  in- 
«u*.hptioQ — 

"Dinanzi  a  me  non  fur  co«e  create 
S«  non  eteme  f * 

and  no  srimli  sensation  was  excited  when  Hnttnn  s.  cmed,  with  nnhal- 
iowi'd  hand,  desirous  to  erase  charact<»r8  alj>i,tJy  renjarded  by  many  as 
sacred.  "  In  the  economy  of  the  world,"  said  the  Scotch  geologist,  "  I 
ean  find  no  trae«  of  a  beginning,  no  prospect  of  an  end a  declara> 
tion  the  more  startling  when  coupled  with  the  doctrine,  that  all  past  ages 
on  the  globe  had  been  brought  about  by  the  slow  agenoy  of  existing 
causes.  The  unegination  was  fint  fatigued  and  overpowered  by  en- 
deavoring to  conceive  the  immensity  of  time  required  for  the  annihilation 
of  whole  continents  by  so  insensible  a  process ;  and  when  the  thoughts 
had  wanden-d  tlim-iirli  these  interminable  periods,  no  resting-place  was 
assigned  in  the  remotest  distance.  Tiie  oldest  rocks  were  represented 
to  be  of  a  derivative  nature,  the  last  of  an  antecedtnit  series,  and  that, 
perhaps,  one  of  many  pre-existing  worlds.  Such  views  of  the  immen- 
sity of  past  time,  like  those  unfolded  by  the  Newtonian  philosophy  in  re- 
gard to  space,  were  too  vast  to  awaken  ideas  of  subUmity  unmixed  with 
a  painful  sense  of  our  incapacity  to  conceive  a  plan  of  such  mfinite  ex- 
tent* Worlds  are  seen  beyond  worlds  immeasurably  distant  from  each 
other,  and,  beyond  them  all,  innumerable  other  systems  are  faintly  traced 
on  the  confines  of  the  visible  universe. 

The  characteristic  feature  of  the  Huttonian  theory  wa5i,  as  before 
hinted,  the  exclusion  of  all  causes  not  supposed  to  belong  to  the  present 
order  of  nature.  But  Hutton  had  made  no  step  1h  yond  Ilooke,  Moro, 
and  Raspe,  in  pointing  out  in  what  manner  the  la«>.  now  governing  sub- 
terranean movements  might  briiiL;  al)  ut  geological  changes,  if  sufficient 
time  be  allowed.  On  the  contrary,  he  seems  to  have  fidlen  fiur  short  of 
aonie  of  theur  views,  especially  when  he  refused  to  attribute  any  part 

•  *Bor-iro  me  thtn-'^.  crr:\t,-^  wotp  none,  MiVC  tViin';'« 

Eternal."  Dauie's  Inftmo^  canto  iii.  Card's  TraaalatioiL 
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of  th«  external  configuration  of  the  earth's  cnist  to  subsidence.  He 
imagined  that  the  continents  were  first  gradually  destroyed  by  aqueous 
degradation  ;  and  when  their  ruins  had  furnished  materials  for  new 
continents,  they  were  upheaved  by  violent  convulsions.  He  therefore 
required  alternate  periods  of  general  disturbance  and  repose  ;  and  such 
he  believed  had  been,  and  would  forever  be,  the  course  of  nature. 

Generelli,  in  his  exposition  of  Moro's  system,  had  made  a  far  nearer 
approximation  towards  reconciling  geological  appearances  with  the  state 
of  nature  as  known  to  us ;  for  while  he  agreed  with  Hutton,  that  the 
decay  and  reproduction  of  rocks  were  always  in  progress,  proceeding 
with  the  utmost  uniformity,  the  learned  Carmelite  represented  the  re- 
pairs of  mountains  by  elevation  from  below  to  be  effected  by  an  equally 
constant  and  synchronous  operation.  Neither  of  these  theories,  con- 
sidered singly,  satisfies  all  the  conditions  of  the  great  problem,  which  a 
geologist,  who  rejects  cosmological  causes,  is  called  upon  to  solve ;  but 
they  probably  contain  together  the  germs  of  a  perfect  system.  There 
can  be  no  doubt,  that  periods  of  disturbance  and  repose  have  followed 
each  other  in  succession  in  every  region  of  the  globe  ;  but  it  may  be 
equally  true,  that  the  energy  of  the  subterranean  movements  has  been 
always  uniform  as  regards  the  whole  earth.  The  force  of  earthquakes 
may  for  a  cycle  of  years  have  been  invariably  confined,  as  it  is  now,  to 
large  but  determinate  spaces,  and  may  then  have  gradually  shifted  its 
position,  so  that  another  region,  which  had  for  ages  been  at  rest,  became 
in  its  turn  the  grand  theatre  of  action. 

Play/air  s  illustrations  of  If  at  ton. — The  explanation  proposed  by 
Hutton,  and  by  Playfair,  the  illustrator  of  his  theor}',  respecting  the 
origin  of  valleys  and  of  alluvial  accumulations,  was  also  very  imperfect. 
They  ascribed  none  of  the  inequalities  of  the  earth's  surface  to  move- 
ments which  accompanied  the  upheaving  of  the  land,  imagining  that 
valleys  in  general  were  formed  in  the  course  of  ages  by  the  rivers  now 
flowing  in  them  ;  while  they  seem  not  to  have  reflected  on  the  exca- 
vating and  transporting  power  which  the  waves  of  the  ocean  might  exert 
on  land  during  its  emergence. 

Although  Hulton's  knowledge  of  mineralogy  and  chemistry  was  con- 
siderable, he  possessed  but  little  information  concerning  organic  remains ; 
they  merely  served  him,  as  they  did  Werner,  to  characterize  certain 
strata,  and  to  prove  their  marine  origin.  The  theory  of  former  revolu- 
tions in  organic  life  was  not  yet  fully  recognized ;  and  without  this  cjass 
of  proofs  in  support  of  the  antiquity  of  the  globe,  the  indefinite  periods 
demanded  by  the  Huttonian  hypothesis  appeared  visionary  to  many  ; 
and  some,  who  deemed  the  doctrine  inconsistent  with  revealed  truths, 
indulged  very  uncharitable  suspicions  of  the  motives  of  its  author. 
They  accused  him  of  a  deliberate  dci^ign  of  reviving  the  heathen  dogma 
of  an  "  eternal  succession,"  and  of  denying  that  this  world  ever  had  a 
beginning.  Playfair,  in  the  biography  of  his  friend,  has  the  following 
comment  on  this  part  of  their  theory : — "  In  the  planetary  motions, 
where  jreometry  has  carried  the  eye  so  far,  both  into  the  future  and  the 
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past,  we  discover  no  mark  either  of  the  commencement  or  ierminatioa 
of  the  pmem  ord«r.  li  k  wewoombls,  kdtoad,  to  suppose  tfiat  «dA 
nnrin  should  uywlien  enst.  Tlie  Aathor  of  NitfiirB  has  not  given 
Uvt  to  the  ttittTene^  wUeh,  like  the  insCitations  of  men,  eany  in  them- 
selves the  elemento  of  Hmr  own  destmetion.  He  hss  not  permitted  in 
Hit  woribB  any  symptom  of  infanoy  or  of  old  ig^  or  any  sign  by  whieh 
we  mny  estimate  either  their  future  or  their  past  duration,  fie  may 
put  an  end,  as  he  no  doubt  gam  a  beginning,  to  the  present  system,  at 
Home  determinate  period  of  time ;  but  we  may  rest  assured  that  tliis 
great  catAstrophe  will  not  be  brought  about  by  the  laws  now  existing, 
and  that  it  is  not  indicated,  by  any  thing  which  we  perceive."* 

The  party  feeling  exeStod  against  the  Hattonian  doeCrines,  and  the 
open  disreg^  of  candor  and  tempir  in  the  eontiwerty,  wUl  haidly  be 
credited  by  the  reader,  unleBs  hereesUs  to  his  leoollectaon  that  the  mind  of 
the  English  pu1)lic  was  at  that  time  in  a  state  of  feverish  excitements 
A  ohiss  of  writers  in  France  had  been  laboring  industriously  for  many 
years,  to  diminish  the  influence  of  the  clergy,  by  sapping  the  founda- 
tions of  the  Christian  faith  ;  and  their  success,  and  the  consequences  of 
the  Revolution,  had  alarmed  the  most  resolute  minds,  while  the  imagin- 
uLiuii  of  the  more  timid  was  continuall y  liaunted  by  dread  of  innovation, 
as  by  the  phantom  of  some  fearful  dream. 

Follalrv.— Voltaire  had  vsed  the  modem  diseomieB  m  physios  aa 
one  of  the  nnmeroos  weapons  of  sttaek  and  ridiook  directed  by  him 
against  the  Soriptuies.  He  fonnd  that  the  most  popnlar  systems  of 
geology  were  accommodated  to  tlie  sacred  writings,  and  that  much  in> 
genuity  had  been  employed  to  make  every  fact  coincide  exactly  with 
the  Mosuc  account  of  the  creation  and  deluge.  It  was,  therefore,  with  no 
friendly  feelings  that  he  contemplated  the  cultivators  of  geology  in  gen- 
eral, regarding  the  science  as  one  which  had  been  successfully  enlisted 
by  theologians  as  an  ally  in  their  cause. f  He  knew  that  the  majonty 
of  those  who  were  aware  of  the  abundance  of  fu&sil  hiiells  in  tiie  interior 
of  continents,  were  stiil  penaaded  that  ibey  were  proofs  of  the  univer- 
sal deluge ;  and  as  the  reediest  wny  of  shaking  this  article  of  imth»  he 
endeavwed  to  inculcate  skepticism  as  to  the  real  nature  of  such  shelK 
and  to  recall  from  contempt  the  eiploded  dogma  of  the  sixteenth  sen- 
tury,  that  they  were  sports  of  nature.  He  also  pretended  that  vegeta- 
ble impressions  were  not  those  of  real  pfonts.|  Yet  he  was  perfectly 
ooofinoed  that  the  sbeUs  bad  really  belonged  to  living  testaoea»  as  may 

♦  Play  fair's  Works,  vol.  iv.  p.  55. 

f  In  aUusioo  to  the  theories  of  Buroet,  Woodward,  aad  other  physico-theologt 
ml  writera,  h«  deeLuwd  ihst  they  were  as  faad  of  dumges  of  sceno  on  tba  Isos  of 

the  cflohe.  as  wprp  the  pnpulnce  at  n  play.  "  Ercry  one  of  ttiern  dpstroys  and 
reuuvalua  tlie  earlh  ufkjr  liis  own  fsshiort,  Descartc's  framed  it  :  for  philosophert 
pal  themtsWca  without  ceremony  in  the  place  of  Qod,  and  thiok  to  create  a  uni- 
verse with  a  word.'' — Dissertation  eDToydo  a  rAcadetnie  Boulogne,  sor  lei 
Chiingemens  arrives  dan<)  notrc  Globe.  Unfortunately,  thu  aud  similar  ridicalt 
directed  against  the  co-<moi;o(ii-<tt  was  too  well  doterVML 

I  8«o  the  chapter  «o ''i>e»  FieirM  ^ttrtab" 
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be  Men  ia  bis  csMy^'On  the  formation  of  Mountains."*    lie  would 

sometimes,  in  defiance  of  all  consistency,  shift  his  ground  wlien  address- 
ing the  vulgar  ;  and,  admitting  the  true  nature  of  the  shells  collected  in 
the  Alps  and  other  places,  pretend  that  they  were  Eastern  species, 
which  had  fallen  from  the  hats  of  pilgrims  coming  from  Syria.  The 
nnmerous  essays  wiitten  by  him  on  geological  subjects  were  all  calca- 
liled  to  stiengtben  prejudices,  iNurtly  because  be  was  ignoisnt  of  tbe 
real  state  of  tbe  science,  and  partly  from  bis  bad  faith.f  On  tbe  otber 
band,  tbey  wbo  kneir  tbat  bis  attacks  were  directed  by  a  desire  to  in- 
falidate  Scripture,  and  who  were  unacquainted  with  the  true  merits  of 
the  question,  might  well  deem  the  old  diluvian  bypothcsis  incontroverti- 
ble, if  Voltaire  could  adduce  no  better  argnment  againet  it  than  to  dray 
the  true  nature  of  organic  remains.* 

It  is  only  by  careful  attention  to  impediments  or  ginating  in  extrinsic 
causes,  that  wc  can  explain  the  slow  and  reluctant  Jidoption  of  the  sim- 
plest truths  in  geology.  First*  we  find  many  able  naturalists  adducmg 
tbe  foesil  remains  of  inarine  animals  as  proofs  of  an  event  related  in 
fleriptnre.  Tbe  evidc|^  is  deemed  oonclusive  by  tbe  multitude  for  a 
eestwy  or  more ;  for  it  favon  opinions  which  tbey  entertained  before, 
and  they  are  gratified  by  supposiiig  them  confirmed  by  fresh  and  unex- 
pected proob.  Msoy  who  see  through  the  fallacy  have  no  wish  to  un- 
deceive those  wbo  are  influenced  by  it,  approving  the  effect  of  the  delu- 
sion, and  conniving  at  it  as  a  pious  fraud  ;  until,  finally,  an  opposite  par- 
ty, who  are  hostile  to  the  sacred  writings,  labor  to  explode  the  erroneoiw 
opinion,  by  substituting  for  it  another  dogma,  which  they  know  to  be 
^ually  unsound. 

The  beretical  Yulcanisti  were  soon  after  openly  assailed  m  England, 
by  imputations  of  tbe  most  OUbersl  land.  We  cannot  estimate  the  ma- 
levolence of  such  a  persecution,  by  the  pain  which  similar  insinuations 
might  now  inflict ;  for  although  charges  of  infidelity  and  atheism  must 
always  be  odious,  they  were  injurious  in  the  extreme  at  that  moment  of 
political  excitement ;  and  it  was  better,  perhaps,  for  a  man's  good  recep- 
tion in  society,  that  his  moral  character  should  have  been  traduced,  than 
that  he  should  iK-comc  a  mark  for  these  poisoned  weapons. 

I  shall  piuss  over  the  works  of  numerous  divines,  who  may  be  excused 
Cor  sensitiTeness  on  points  wbieb  then  excited  so  nmeb  uoeanness  in  the 
publie  mind;  and  shall  say  notbmg  of  the  amiable  poet  Cowper,^  who 

*  In  that  f--ay  he  lavs  it  down,  "that  all  nnturaliiti  are  now  a:n''-*ed  that  de- 
posiu  of  olielU  111  the  tnid'^t  of  the  continents  are  monuments  of  tbe  continued  occu- 
MtioD  of  tho-ie  di»trict«  by  tl.i  rean."  In  another  place  abo^  wliain  tptaHdog  id 
Um  faasU  i«helLs  of  Toaraine,  he  adiiiit!i  thfir  tnie  origin. 

f  A«  ao  instance  of  his  desire  to  throw  doubt  indiM:riniinutt:ly  on  all  geological 
data,  we  may  recall  tbe  passage  where  he  say^,  that  ."the  booM  «f  a  reiode«r 
ud  kippopoUmua  disoovered  near  Etempes  did  not  prove.  a«  some  would  hav« 
il»  that  lApland  and  tbe  Nile  were  once  on  a  tour  from  Paris  to  Orleanii  bat 
SMrdy  that  a  lover  of  cnrioiitice  oooe  preserved  them  in  Us  cabaei,'* 

%  "  Some  drill  and  bore 

The  aolid  earth,  and  from  tlie  strata  there 
Xitraet  a  roister,  ly  wbadi  we  leao^ 
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could  hazily  be  expected  to  have  inquired  into  the  merit  of  doctiines  io 
physics.  But  m  the  foremost  ranks  of  the  intoleraiit  are  found  sefera 
laymeD  who  had  high  elaims  to  Boeatific  reputation.  Among  theae  ap« 
pearB  WiHiamSr  a  mineral  aurreyor  of  Edtnboigh,  who  pnbliBfaed  a 
**  Natural  Hbtoiy  of  the  Ifmeral  ffingdom»"  in  1789 ;  a  wotIe  of  great 
merit*  for  that  day,- and  of  practical  utility,  as  containing  the  best  ao- 
eoant  of  the  coal  strata.  In  his  preface  he  misrepresents  Hutton*s  the- 
ory altogether,  and  chari^es  him  with  considering  all  roclis  to  be  lavas 
of  different  colors  and  struchiro  :  and  also  with  "  warping  every  thing  to 
support  the  eternity  of  the  world."*  He  descants  on  the  prmicious 
influence  of  such  skeptical  notions,  as  leading  to  downright  infidelity 
and  atheism,  "  and  a&  being  nothing  less  than  to  depose  the  AimiglUy 
Creator  of  the  uniYerae  from  hb  office."f 

Kirwin — 1>0  JAtc — ^Kvwan,  president  of  the  'Boyal  Academy  of 
Dublin,  a  chemiat  and  mineralogist  of  some  merit*  hut  who  poasMsed 
mueh  greater  authority  in  the  aeientific  world  than  he  was  entitled  by 
his  talents  to  enjoy,  said,  in  the  introduction  to  his  "  Geological  Essays, 
1799,"  "that  «oin«f  geology  graduated  into  religion,  and  was  required 
V)  dispel  certain  systems  of  atheism  or  infidelity,  of  which  they  had  had 
recent  experience. "J  He  was  an  uncompromising  defender  of  the  aque- 
ous theory  of  all  rocks,  and  was  scarcely  surp;\s.sed  by  Burnet  and 
Whiston,  in  hia  desire  to  adduce  the  Mosaic  writings  in  confirmation  of 
his  opinions. 

De  Luc,  in  the  preliminary  discourse  to  his  Treatise  on  Geology.g 
says,  The  weapons  hare  been  changed  by  which  rerealed  religion  is 
attacked ;  it  is  now  assailed  by  geology,  and  the  knowledge  of  thia 
science  has  become  essential  to  tbeologtans.'*  He  imputes  the  failure 

of  former  geological  systems  to  their  having  been  anti-Mosaical,  and 
directed  against  a  "  sublime  tradition."  These  and  similar  imputations, 
reiterated  in  the  works  of  De  Luc,  seem  to  have  been  taken  fdr  granted 
by  some  modern  writers :  it  is  therefore  noce^isnrv  to  stnte,  in  justire  to 
the  numerous  geologists  of  different  nations,  whose  works  have  been 
considered,  that  none  of  them  were  guilty  of  endeavoring,  by  arguments 
drawn  from  physics,  to  invalidate  scriptural  tenets.  On  the  contrarj% 
the  majority  of  those  who  were  fortunate  enough  "  to  discover  the  true 
causes  of  things*'  rarely  deserved  another  part  of  the  poet's  panegyric, 
"Atqtu  nuhu  <m)M$  tuJbjmt  pedibtu,^*  The  caution  <(Qd  even  timid  re- 
serve, of  many  eminent  Italian  authors  of  the  earlier  period  is  very  ap- 
parent ;  and  tiiere  can  hardly  be  a  doubt,  that  they  suba^bed  to  cer- 
tain dogmas  and  particularly  to  the  first  diluvian  theory,  out  of  defers 
ence  to  popular  prejudices,  rather  than  from  conviction.  Tf  they  wpre 
guilty  of  dissimulation,  we  mav  feel  regret,  but  must  not  blame  their 
want  of  moral  courage,  reserving  rather  our  condemnatioQ  for  the  iutol- 

That  he  who  made  it.  aiul  revealed  its  data 
To  Uotet,  WM  iui»t»kea  in  iu  age." 

Tha  Tadc,  book  iii  'The  Gftrdon." 

•P.m.  iP.Bft.  tliiUDd.p.1  gLoodoiHlSM. 
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enoee  of  the  times,  and  that  inquisitorial  power  whicli  forced  Galileo  ta 
ibjtire,  and  the  two  Jesuits  to  disclaim  the  theory  of  Newton.* 

Button  answered  Kirwan's  attacks  with  great  warmth,  and  with  the 
indignation  justly  excited  by  immoritpd  reproach.  "He  had  always 
displayed,"  says  Piayfair,  "  the  utmost,  dispij.-.ition  to  admire  the  benef- 
icent design  manifested  in  the  structure  of  the  world ;  and  he  contem- 
ptatod  with  delight  those  parts  of  his  theory  which  made  tKe  greatest 
additiona  to  oar  knowledge  of  final  cauaea."  We  may  say  with  equal 
trvtb,  that  in  no  aeientifie  worha  in  our  language  oan  m<nre  doqneot 
paaaages  be  found,  concerning  the  fitness,  harmony,  and  grandeur  of  all 
parts  of  the  creation,  than  in  those  of  Piayfair.  They  are  eridently  the 
nnaffected  expressions  of  a  mind,  wliich  contemplated  the  study  of 
nature,  as  best  calculated  to  elevate  our  conceptions  of  the  attributes  of 
the  First  Cause.  At  any  other  time  the  force  and  elegance  of  Play- 
fair's  style  must  have  insured  popularity  to  the  Huttonian  doctrines  ; 
but  by  a  singular  coincidence,  Neptunianism  and  orthodoxy  were  now 
aModaled  in  the  same  ereed;  and  the  tidd  of  prejudice  ran  so  strong, 
thU  the  majority  were  earned  far  away  into  the  chaotic  flaid»  and  other 
eosmotogical  inventions  of  Werner.  These  fictiona  the  Saxon  professor 
hsd  borrowed  with  little  modification,  and  without  any  improvement, 
from  his  predecessors.  They  had  not  the  smallest  foundation  either  in 
Scnpttire  or  in  common  sen«e.  and  were  probably  approved  of  by  many 
as  being  so  ideal  and  unsnli^strtn'ia],  tint  they  could  never  come  into 
violent  collision  with  any  preconceived  opmions. 

According  to  i>e  Luc,  the  first  essential  distinction  to  be  made  be- 
tween the  various  phenomena  exhibited  on  the  surface  of  the  earth  was, 
to  deteraune  which  were  the  results  of  causes  still  in  action,  and  which 
bad  been  produced  hy  cauaea  that  had  ceased  to  act  Tlie  form  and 
eomposition  of  the  mass  of  our  continents,  he  said,  and  their  eadstence 
above  the  level  of  the  sea,  must  be  ascribed  to  causes  no  longer  in 
action.  These  continents  emerged,  at  no  very  remote  period,  on  the 
sadden  retreat  of  the  ocean,  the  waters  of  which  made  their  way  into 
Qibterraoean  caverns.  The  formation  of  the  rocks  which  enter  into  the 
crust  of  the  earth  began  with  the  precipitation  of  granite  from  a  pri- 
Biordiai  Liquid,  after  wliich  other  strata  containing  the  remains  of  or* 

*  In  A  most  able  article,  by  Mr.  Drinkwat«r,  on  the  "  Life  of  Galileo/*  publiAbed 

m  the  "  Library  of  U-t  ful  Knowh'<)^:e,"  it  i«  statod  (hat  both  Galileo's  work,  tind 
th«  book  of  CttptTuicuR,  "  Urn  corrigatur"  (for,  with  the  omission  of  certaio  pa»- 
it  was  sanctioned),  were  atOI  to  be  teen  OD  the  fiTbiddcn  list  of  the  Index 
«  Rome,  ID  1828.  T  ^  h.  iwcvcr,  R«««reH  io  the  «inie  year,  bv  Profewor  Scar- 
pellioi.  at  Rome,  thai  I  lus  VII.,  a  poiuitf  lii^itingtiiAhed  fur  h(»  love  of  science,  had 
IMH-iri  r|  a  repeal  of  the  edicts  •gautft  Galileo  and  the  Coperntcon  flyttein.  He 
W assembled  the  Congregation;  and  the  lute  Oirdinal  Toriozsi,  assessor  of  the 
^CTed  Office,  proposed  that  they  should  w'tpe  «>tT  thid  scandal  from  the  church," 
Tilt  rupeal  wa«  carried,  with  the  dissciitient  voice  of  one  Dominican  only.  Long 
before  thai  tim«  the  Newtonian  theory  had  been  taught  in  the  Sapienza,  and  all 
OilMic  vhhreriiti^  in  Europe  (with  the  exceptioo.  I  am  told,  of  SalanuiDca) ;  bat 
a       always  required  of  prof.!'vior^,  in  <h'f«;rfnc('  t(i  tlie  dtcrL-f^  of  the  chUTch,  to 

aw  the  term  hjfpoike*i$,  inat«ad  of  theory.  Tboy  now  apeak  of  tb»  Oopemicaa 
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gaoized  hfdiei  were  deposited,  till  at  last  the  preaeoi  sea  remained  at 
the  rendimi  of  the  primordial  liquid,  and  no  logger  contiamd  to  piQ- 
daoe  mineral  stnta.* 

WUimm  SmiA,  IfM^Whik  the  tenets  of  the  liial  aehoob  of 

Freyberg  and  Edinburgh  were  warmly  espoused  hj  devoted  psrriaaw, 

the  labor*  of  an  individual,  unassisted  by  the  advantages  of  wealth  or 
station  in  society,  were  almost  unheeded.  Mr.  William  Smith,  an  Eng- 
lish surveyor,  published  his  "  Tabular  View  of  the  Brili:>h  Strata"  in 
1790,  wherein  he  proposed  a  classification  of  the  secondary  formations 
in  the  West  of  England.  Although  he  had  not  communicated  with 
Werner,  iL  appeared  by  this  work  that  he  had  arrived  at  ibe  same  views 
wpoeting  the  laws  of  saperporitkm  of  stratified  lodDi;  thai  ho  was 
awan  that  the  ntdm  of  soeoemion  of  diSeient  gnmpe  wss  never  in- 
verted; and  thstthof  might  he  identified  at  veiydirtant  points  bf  their 
peenliar  organized  fossils. 

From  the  time  of  the  appearance  of  the  "  Tabular  View,"  the  author 
labored  to  construct  a  geological  map  of  the  whole  of  England;  and 
with  the  greatest  disinterestedness  of  mind,  communicated  the  results  of 
his  investigations  to  all  who  desired  information,  giving  such  publicity 
to  his  original  views,  as  to  enable  liis  conlt  inporaries  almost  to  compete 
with  him  iu  the  race.  The  execution  of  liis  map  was  completed  in 
1816,  end  remafais  a  lasting  monniMnt  of  original  talent  and  extmnffi- 
nary  peiaeveraiioe ;  for  he  had  explored  the  whole  oountry  on  foot» 
without  the  gnidaoce  of  previous  ohaerven,  or  the  aid  of  fellow-lsboiers, 
and  had  succeeded  in  throwing  into  natural  divisions  the  whole  compli- 
csted  series  of  British  rocks.  D'Aubuisson,  a  distinguished  papil  of 
Werner,  paid  a  just  tribute  of  praise  to  this  remarkable  performanos^ 
observing,  that  "  what  many  celebrated  mineralogists  hfid  only  accom- 
plished for  a  small  part  of  Germany  in  the  course  of  half  a  century,  had 
been  cfieoted  by  a  single  individual  for  the  whole  of  England, "f 

Werner  invented  a  new  language  to  express  his  divisions  of  rocks, 
snd  some  of  his  technical  terms,  such  as  grauwacke,  gneiss,  and  others, 
passed  enirent  in  eveij  eoontiy  in  Europe.  Smith  sdoptsdiiDr  the  most 
part  English  provincisl  terms,  often  of  bsrhsrons  sonnd,  sneh  ss  gavlt, 
eomhrash,  clunch  clay;  and  affixed  them  to  snbdivirions  of  the  British 
series.  Many  of  these  still  retain  their  place  in  oar  sdentifie  clsBsifica- 
tionsy  snd  attest  his  priority  of  srrsngement 

MODERN  PROOBUS  OV  QS^UMIT. 

The  oontentioii  of  the  rivsl  fsetbns  of  the  Ynhssmsts  sad  Neptonists 
hsd  been  canied  to  soeh  a  height,  thajt  these  names  had  heeome  terma 

of  reproach  ;  and  the  two  parties  had  been  less  occupied  ia  sesrchuig 
for  truth,  than  for  such  arguments  as  might  strengthen  their  own  cause 
Qt  serve  to  annoy  their  antagonists.   A  new  school  at  last  sQaee,  who 

•  XlemenUry  TVoatiae  OB  Oeoli^.  £oBdmi.lB09.  Itandsted  by  De  ls  lUn 
t  See  I2r.Vitton's  Memoir,  beteeeited,  p. 
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prolBfised  the  strictest  neutrality,  and  the  utnamt  ind.SereQce  to  tha 
systems  of  Werner  and  Ilutton,  and  who  resolved  diligently  to  devote 
their  labors  to  obscnation.  The  reaction,  provoked  by  the  intemper- 
ance of  the  conflicting  partie-s,  now  prof!uced  a  tendency  to  exiiriiio 
Okntion.  Speculative  vicw.s  were  discounUaauced,  and.  through  Icar  of 
exposing  themi^elves  to  the  suspioioa  of  a  bias  towards  the  dogmas  of  a 
party,  some  geologist!  Iwwse  aukniB  to  mtertain  no  •pioioii  whatevor 
on  the  eanaesof  pbeaomeoa,  and  w«re  indbed  to  skeptidBm  eren  wliera 
the  ooQeliuioDe  dedoeiUe  Irom  obMrved  faeta  aearedy  admitted  of  vaa- 
sonable  doubt.  . 

0^fikl0iettl  Society  o/London^Bai  although  the  reluotanoe  to  theo- 
rize wai5  carried  somewhat  to  excess,  no  measure  could  be  more  salutary 
at  such  a  moment  than  a  suspension  of  all  attempts  to  form  what  were 
termed  "theories  of  the  earth."  A  great  body  of  new  data  were  re- 
quired ;  and  the  Geological  SocicLy  of  London,  foutulcd  in '1807,  con- 
duced greatly  to  the  attainment  of  this  desirable  end.  To  multiply  and 
veeofd  obaenratioai.  and  patiently  to  awi  the  reanlt  at  aome  fatan 
period*  waa  the  objeot  proposed  by  tham ;  and  it  waa  thair  finrorite 
mazini  that  the  tiiae  waa  not  yet  eome  for  a  geneial  ayatem  of  geoSogyt 
hat  that  all  mast  be  content  for  many  years  to  be  exohisively  engaged 
m  fonushing  materials  for  future  generaliaationB.  By  acting  up  to  these 
principles  with  consistency,  they  in  a  few  years  disarmed  all  prejudirp, 
and  rescued  the  science  from  the  imputatiou  of  beiog  a  dangerous,  or  at 
best  but  a  visionary  pursuit. 

A  distins^iished  modem  writer  has  with  truth  remarked,  that  the  ad< 
▼aocement  of  three  of  the  main  divibions  of  geologicaljnquiry  have  during 
the  laat  half  eentuy  been  promoted  aaeeemvely  by  three  diAvent  nationa 
•efEorope, — the  Gennaai»  the  English,  and  the  French.*  Wehafeeeen 
that  the  ayatematia  atody  of  what  may  be  ealled  mmendogieal  gaology 
had  its  origin  and  chief  point  ^f  activity  in  Germany,  where  Werner  fir^ 
described  with  precision  the  mineral  characters  of  rocks.  The  classifica- 
tion of  the  secondary  formations,  each  marked  hv  their  peculiar  fossils, 
belonc:-;,  in  a  great  measure,  to  England,  where  tiie  labors  before  alluded 
to  of  Smith,  and  those  of  the  most  active  members  of  the  Geological 
Society  of  London,  were  steadily  directed  to  these  objects.  The  founda- 
tkm  of  the  third  l»aoch,  that  relating  to  the  tertiary  formaticMie,  was  laid 
m  France  by  the  aplendid  woih  of  Onvier  and  Brongniart^  published  m 
180S, "  On  the  Uinend  Geography  and  Oigamc  Remama  of  the  Neighs 
borhood  of  Paria." 

We  may  still  trace,  in  the  langoage  of  the  science  and  omr  present 
methods  of  arrangement,  the  various  countries  where  the  growth  of  these 
several  departments  of  geolnrry  was  at  different  times  promoted.  Many 
names  of  simple  minerals  and  rocks  remain  to  this  day  German ;  while 
the  European  divisions  of  the  secondary  strata  are  in  great  part  English, 
and  arei  indeed,  often  founded  too  exclu:>ively  on  English  types.  Lastly, 
the  anbdhriwna  that  established  of  the  anccession  of  strata  hi  the  ¥tm 

•  Whcwell.  British  Critic,  Ka  xvii,  p.  187,  1881. 
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basin  have  served  as  normal  groups  to  which  other  tertiaiy  depoeiti 
throughout  Europe  have  been  compttied,  even  in  eaees  where  thii 
standard  was  wholly  inapplicable. 

No  period  could  hnve  been  more  fortunate  for  the  discovery,  in  the 
icQaiediate  neighborhood  c»f  Paris,  of  a  rich  store  of  well-preserved  los- 
sils»  than  the  comraencemeat  of  the  present  century ;  for  at  no  former 
era  had  Natural  history  been  cultivated  with  such  enihinasm  in  the 
French  metropolis.  The  labors  of  Citvier  in  companttve  osteology,  and 
of  Lamarck  in  recent  and  fosol  sheUs,  had  raised  these  departmiNits  of 
atndy  to  a  rank  of  wUeh  they  had  never  ineviondy  been  deemed  sus- 
ceptible. Their  inTCstigations  had  eventually  a  powerful  effect  in  dis- 
pelling the  illusion  which  had  long  prevailed  concerning  the  absence  of 
analoa^  between  the  ancient  and  modern  state  of  our  planet.  A  close 
comparison  of  the  recent  and  fossi!  ^p'^cies  and  the  inferences  drawn  in 
regard  to  their  liabita,  accustomed  the  geologist  to  contemplate  the 
earth  as  having  been  at  successive  periods  the  dwelling- place  of  animals 
and  plantb  of  diifereDt  races,  some  terrestrial,  and  others  aquatic — some 
fitted  to  Uve  in  seas,  others  in  the  waters  oi  lakes  and  riven.  By  the 
eoosideration  (rf  these  topics^  the  mind  was  slowly  and  insensibly  with- 
drawn from  inm^naiy  pictures  of  catastrophes  and  chaotic  oonfnaon, 
auch  as  haunted  the  imagination  of  the  eariy  oosmogonwla.  Numerous 
proofs  were  discovered  of  the  tranquil  deposition  of  sedimentary  matter, 
and  the  slow  development  of  organic  life.  If  many  writers,  and  Cuvier 
himself  in  the  number,  still  continued  to  maintain,  that  "  the  thread  of 
induction  was  bn:)k«  rr."*  vet,  in  reasoninr;  by  th^  strict  niles  of  indue- 
lion  irom  recent  to  h>ssil  species,  they  in  a  great  measure  disclaimed 
the  dogma  which  in  theory  they  professed.  The  adoption  of  the  same 
generic,  and,  m  some  cases,  even  of  the  same  speci6c,  names  for  the 
exnvisB  of  fossQ  anunals  and  th^  living  analogues,  was  sn  important  step 
towards  familiarising  the  mind  with  the  idea  of  the  identity  and  unity  of 
the  system  in  distant  eras.  It  was  an  acknowledgment,  as  it  were,  thafc 
part  at  leadt  of  the  ancient  memorials  of  nature  were  written  in  a  living 
language.  The  growing  importance,  then,  of  the  natural  history  of  or- 
ganic rcm  iins  may  be  pointed  out  as  the  characteristic  feature  of  the 
progress  of  the  science  during  the  pres;ent  century.  This  branch  of 
knowledge  has  already  become  an  instrunM  iit  of  great  utility  in  geological 
classiGcation,  and  is  continuing  daily  to  unfold  new  data  for  grand  and 
enlarged  views  respecting  the  former  changes  of  the  ejirth. 

When  we  compare  the  result  of  observation|  in  the  last  fifty  years 
with  those  of  the  three  preceding  centuries,  we  cannot  hut  look  forward 
with  the  most  sanguine  espectations  to  the  degree  of  excellence  to  which 
geology  may  be  carried,  even  by  the  hbors  of  the  present  generation. 
Never,  perhaps,  did  any  science,  with  the  exception  of  astronomy,  nn- 
fold,  in  an  equally  brief  period,  SO  many  novel  and  unexpected  truths, 
nnd  ovfrtum  so  many  preconceived  opinions.  The  senses  had  for  n^m 
declared  the  earth  to  be  at  rest,  until  the  astronomer  taught  that  it  waa 
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carried  through  space  with  inconceivable  rapidity.  In  like  manner  was 
the  surface  of  this  planet  regarded  as  hfiving  rcmaSrx'd  tinalterod  since 
its  creation,  until  the  geo]o<^i.st  proved  that  it  li  id  l  een  the  theatre  of 
reiterate!  chani»<»,  and  was  still  the  subject  ol  blow  but  never-endint^ 
fluctuations.  Tlie  discovery  of  other  systeois  in  the  boundless  regions 
of  space  was  the  triumph  of  astronomy ;  to  trace  the  same  system 
tiiioagli  various  traosforaiatkMis — to  behold  it  at  sueeesnTe  eras  adorned 
vith  diffSrsDt  hiUs  and  ▼alleys,  lakes  and  seas,  and  peopled  with  new  in- 
habitaatSi  wacT  the  deh'gbtful  meed  of  geologiesl  research.  By  the 
geometer  were  measured  the  regions  of  spaoe^  and  the  relative  disCaooes 
oi  the  heavenly  bodies ; — by  the  geolo^Sl  myriads  of  ages  were 
reckoned,  not  by  arithmetical  computation,  but  by  a  train  of  physical 
evonts — a  succession  of  phenomena  in  the  animate  and  inanimate  worlds 
— siirns  whicb  convey  to  our  minds  more  definite  ideas  than  figures  can 
do  of  the  inimcosity  of  luue. 

Whether  our  hivestigaition  of  the  eartVs  history  and  atniotnre  wiU 
eventoaUy  be  prodnetife  of  as  great  practical  boiefits  to  mankind  as  a 
knowledge  of  the  dbtaat  heftvens,  must  remain  for  the  decision  of  pos- 
terity. It  waa  not  till  astronomy  had  been  ouiched  by  the  obsenratiqns 
of  many  centuries,  and  had  made  its  way  against  popular  prejudices  to 
the  establishment  of  a  sound  theory,  that  its  application  to  the  useful 
arts  was  mmi  conspicuous;.  The  cultivation  of  geology  bepan  at  a  later 
period  ;  and  in  every  step  which  it  has  hitherto  made  towards  sound 
theoretical  principles,  it  had  to  conuiui  against  more  violent  j)reposscs- 
sions.  The  practical  advantages  already  derived  from  it  have  not  been 
inooostdenble ;  but  our  generalisations  are  yet  imperfect*  md  they 
who  come  after  ns  may  be  expected  to  reap  the  most  Taluable  f raits  of 
our  labor,  tfeanwhilcy  the  charm  of  first  disooveiy  is  our  own ;  and,  as 
we  explore  this  magnificent  field  of  inquiry,  the  sentiment  of  a  great 
liistorian  of  our  times  may  continually  be  present  to  our  minds,  that  "  he 
who  calU  what  has  vanished  back  again  into  being,  enjoys  a  blias  lilte 
that<tf  creatuig."* 


CHAPTER  V. 

FStJD]»I0B8  WBIOB  BATS  BITABOKD  TBK  PROOUaB  OF  OIOIMT 

« 

PrepoMe^oion**  in  regitrd  to  the  duration  of  pa^^t  time— Prcjadice«i  nn«in:^  from  oar 
peculiar  position  as  inhabttants  of  the  laod — Of  those  occaaiooed  by  our  not 
MMig  Mibt«fniiesa  cbaage*  now  in  progreai~-AIl  these  eames  oombine  to  make 
the  former  course  of  Naturo  appoiir  different  from  the  preaen^^bjectioaa  to 
the  doctrioe,  that  cansea  simiLtr  in  kind  nn>i  energy  to  ihmc  now  aetiog^  bsTS 
produced  the  former  change*  of  the  earth  it  fturfaee,  oooudered. 

Ip  we  reflect  on  the  history  of  the  progress  of  geology,  as  exphmcd 
in  the  preceding  chapters,  we  pwoeiTe  that  there  have  been  great  fluc- 

^  •  Biebab^sBotof  Bom^^  i.p.6.  Bate  and  ThirlwelTs  tnndatiaa 
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tmtions  of  opinion  respecting  the  nature  of  the  causes  to  which  all 
former  changes  of  the  earth's  surface  are  referable.  The  first  observ- 
ers conceived  the  monuments  which  the  geologist  endeavors  to  decipher 
to  relate  to  an  original  state  of  the  earth,  or  to  a  period  when  Uiere 
were  eaoflet  ia  iietivity,  distinct,  in  kind  and  d^ree,  fnm  ihoae  now 
eonatitttting  the  economy  of  nature.  These  views  were  grradoaUj  aaod- 
ilied*  and  aome  of  tbem  entirely  abandoned,  in  proportion  aa  observa- 
tions were  multiplied»  and  the  signs  of  former  mutations  more  skilfblly 
mterpreted.  Many  appearances,  which  had  for  a  long  time  been  re- 
garded as  indicating  mysterious  and  extraordinary  aL,'ency,  were  finally 
recognized  as  the  necessary  result  of  the  Itw-^  nnw  troverning  the  mate- 
rial world  ;  and  the  discovery  of  this  unlooked-for  conformity  h.as  at 
length  induced  some  philosophers  to  infer,  that,  during  the  ages  contem- 
plated  in  geology,  there  has  never  been  any  interruption  to  the  ac^ency 
of  the  aame  nnifoim  lava  of  diange.  The  same  assemblage  of  general 
canaeflb  they  conceivc»  nay  have  been  sufficient  to  produoe,  by  their 
Tsrioos  comhinatiooB,  the  endless  diverai^  of  effisets,  of  which  thediell 
of  the  earth  haa  preserved  the  memoiisla ;  and,  consiatently  with  these 
principles*  the  lecunrence  of  aaalogoua  changes  is  expected  by  them  in 
time  to  come. 

Whetlirr  wf  cninridp  nr  not  in  this  doctrinr,  we  must  admit  that  the 
gradual  progress  of  opinion  concerning  the  succession  of  phenomena  in 
very  remote  eras,  resembles,  in  a  singular  manner,  that  which  has  ac- 
companied the  growing  intelligence  of  every  people,  in  regard  to  the 
economy  of  natore  in  their  own  times*  In  an  early  state  of  advance- 
ment»  when  a  great  number  of  natural  appearaneea  are  unbteUigiUe, 
an  eclipse,  an  earthquake*  a  flood,  or  the  approach  of  a  comet,  with 
many  other  occurrences  afterwards  found  to  belong  to  the  regular 
course  of  events,  are  regarded  as  prodigies.  The  same  delusion  pre- 
vails as  to  moral  phenomena,  and  many  of  these  are  ascribed  to  tlie 
intervention  of  demons,  ghosts,  witches,  and  other  immaterial  and 
supernatural  otfcnts.  By  df^^rf^fs,  many  of  the  enigmas  of  the  moral 
nnd  physical  world  are  explauit  tl,  and,  instead  of  being  due  to  extrinsic 
and  irregular  causes,  they  are  found  to  depend  on  fixed  and  invariable 
hwa.  The  philosopher  at  last  becomes  convinced  of  the  nndevtattng 
uniformity  of  secondary  causes ;  and,  guided  by  his  faith  in  tbb  princi- 
ple, die  determines  the  probability  of  aotoounto  transmitted  to  him  ot 
former  occurrence,  and  often  rejects  the  fiibolous  tales  of  former  times, 
on  the  ground  of  their  being  irreconcilable  with  the  experience  of  more 
enlightened  ages. 

Prepmie.fslon^t  in  rerjard  (o  (he  duration  of  past  time. — As  a  belief  in 
the  want  of  conformity  in  tli'  i mses  by  which  the  earth's  crust  has 
been  modified  in  ancient  and  mmiern  periods  was,  for  a  lung  time,  uni- 
versally prevalent,  and  that,  too,  amongst  men  who  were  convinced  that 
tl^e  order  <tf  nature  bad  been  uniform  for  the  last  several  thousand 
years,  every  drcumatance  which  could  have  influenced  their  minda  and 
given  ^an  undue  bias  to  theur  opmions  deeervea  parthsular  attentioii. 
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Nov  the  nader  mmj  ttoSfy  aatkfy  himaelt  ihat»  liowever  underiatiiig 
dia  oovne  ol  nature  maj  have  been  from  the  earliest  epoeln,  it' was 
imposnble  for  the  fint  eoltivatore  of  geolc^  to  come  to  such  a  eonchi* 

mn,  so  lon^  as  they  were  imd^r  a  delusion  as  to  the  ag«  of  the  wnrl(^, 
and  the  date  of  th(^  fir<?t  crt  ition  of  animate  beings.  However  lantas- 
tical  some  th^'on-  s  of  tliv  sixteenth  century  may  now  appear  to  us,— 
however  uuwuiihv  of  men  of  great  talent  and  sound  judgment, — we 
uay  rest  assured  that,  if  the  same  misconception  now  prevailed  iu  re- 
gtni  to  the  memorials  of  hamaii  tcamaetiaiUy  it  would  give  rise  to  a 
'  floulartrrin  of  abrardHiea.  Let  ua  imagine,  for  example,  that  Cfaampol- 
fiott,  and  the  Pieneh  and  Tuscan  literati  lately  engaged  in  exploring  the 
aatiquiUee  of  Egypt^  had  visited  that  country  with  a  firm  belief  that  the 
tanks  of  the  Nile  were  never  peopled  by  the  human  race  before  the  be- 
gtaning  of  the  nineteenth  century,  and  that  their  faith  in  this  dogma  was 
SI  difficult  to  shake  as  the  opinion  of  our  ancestors  that  the  earth  wm 
oevpr  the  abode  of  living  beings  until  the  creation  of  the  present  conti- 
nents, and  of  the  species  now  existing. — it  Is  easy  to  perceive  what 
extravagant  sy.^tems  they  would  iVaiiie,  while  under  the  influence  of  this 
delusion,  to  account  for  the  monuments  discovered  in  Egypt.  Tlie 
sight  of  the  pyramids,  obeUsks,  colossal  statues,  and  ruined  temples, 
mid  fiU  them  with  eneh  aatoniahment,  that  for  a  tune  they  would  be 
ss  men  speU^honnd-rwholly  incapable  of  reaeoning  with  sobriety.  They 
aught  incline  at  first  to  refer  the  construetlon  of  such  stupendous 
works  to  some'  superhuman  powen  of  a  primeval  world.  A  system 
night  be  invented  resembling  that  so  gravely  advanced  by  Manethf^ 
who  relates  that  a  dynasty  of  gods  originally  ruled  in  Egypt,  of  whom 
Vulcan,  the  first  monarch,  rf^igned  nine  thousand  years;  after  whom 
came  Hercules  aad  other  demigods,  who  were  at  last  succeeded  by 
human  kinj^. 

When  some  fanciful  speculations  of  this  kind  had  amused  their  ima- 
ginations for  a  Ume,  some  vast  repository  of  mummies  would  be  dis- 
eovered,  and  would  immediately  undeoehre  those  antiquaries  who  en- 
joyed an  opportunity  of  penmni^Iy  examining  them;  but  the  prejudices 
of  others  at  a  distance,  who  were  not  eye-witnesses  of  the  whole  phe* 
nouiena,  would  not  be  so  easily  overcome.  The  concurrent  report  of 
many  travellers  would,  indeed*  render  it  necessary  for  them  to  accom- 
modate ancient  theories  to  some  of  the  new  facts,  and  much  wit  and 
ingenuity  would  be  required  to  modify  and  defend  their  old  positions. 
E;ich  new  invention  would  violate  a  greater  uumher  of  known  analogies  ; 
for  if  a  theory  be  required  to  embrace  Rome  false  principle,  it  becomes 
more  visionary  in  proportion  as  facts  iire  muhiplied,  as  would  be  the 
case  if  geometers  were  now  required  to  form  an  astronomical  system  on 
the  assumption  of  the  immobility  of  the  earth. 

Amongst  other  fueiful  conjectures  oonoeming  the  lustory  of  Egypt, 
we  n«^  suppose  soom  of  the  following  to  be  started.  **Am  the  tenks 
of  the  Nile  have  been  so  recently  ookiiized  for  the  first  time,  the  curi- 
oaa  eubeiaiioea  called  mummies  could  never  in  reality  have  belonged  to 
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men.  They  may  have  been  generated  by  some  plastic  virtue  residing 
in  the  interior  of  the  earth,  or  they  may  be  abortions  of  Nature  pro- 
duced by  her  incipient  efforts  in  the  work  of  creatimi.  For  if  deformed 
beings  are  sovsetimes  bom  eren  now,  wben  the  scheme  of  tbe.imiverBe 
is  fully  developed,  many  more  may  hare  been  'seat  before  their  tame, 
scarce  half  made  up,'  wben  the  planet  itself  was  in  the  embryo  state. 
But  if  these  notions  appear  to  derogate  from  the  perfection  of  the 
Divine  attributes,  and  if  these  mummies  be  in  all  their  parts  true  repre* 
senUitions  of  the  human  form,  may  we  not  refer  them  to  the  future 
rather  than  the  past  ? — May  we  not  be  looking  into  the  womb  of  Nature, 
and  not  her  grave  ?  May  not  these  images  be  hke  the  shades  of  tlie 
unborn  in  Virgil's  Elysium — the  archetypes  of  men  not  yet  called  into 
•  ezistenee?" 

These  specuJatioiis,  if  advocated  by  eloquent  writers,  would  not  fail 
to  attract  many  aealovs  votaries,  for  tbey  would  relieve  men  from  the 
punful  necessity  of  renouncing  preconceived  opinions.   Incredible  as 

such  skepticism  may  appear,  it  has  been  rivalled  by  many  systems  of 
the  sixteenth  and  seventeenth  centuries,  and  among  others  by  that  of 
the  learned  Falloppio,  who  regarded  the  tusks  of  fossil  elopliants  as 
earthy  concretions,  and  the  pottery  or  fragments  of  vases  in  tlie  Monte 
Testaceo,  near  Rome,  as  works  of  nature,  and  not  of  art.  But  when 
one  generation  had  passed  away,  and  another,  not  compromised  to  the 
support  of  antiquated  dogmas,  had  succeeded,  they  would  review  the 
evidence  afibrded  by  mummies  more  impartially,  and  would  no  longer 
controvert  the  preUminary  question,  that  human  beiogs  had  lived  in 
Egypt  before  the  nineteenth  century :  so  that  when  a  hundred  years  per- 
haps had  been  lost,  the  industry  and  talents  of  the  philosopher  would 
be  at  last  directed  to  the  elucidation  of  points  of  real  historical  importance. 

But  the  above  argumonts  are  aimed  against  one  only  of  many  pre- 
judices  with  which  tlie  earlier  geologists  had  to  contend.  Kven  when 
they  conceded  that  the  earth  had  been  pntplrj  with  animate  beings  at 
an  earlier  period  than  was  at  tirst  supposed,  they  had  no  conception  that 
the  quantity  of  Ume  bore  so  great  a  proportion  to  the  historical  era  as 
is  now  generally  conceded.  How  &tal  every  error  as  to  the  quantity  of 
time  must  prove  to  the  introduction  of  rational  views  eonoeniiiig  the 
state  of  things  in  former  ages,  may  be  conceived  1^  supposmg  the  an- 
nals of  the  civil  and  military  transadions  of  a  great  nation  to  be  perused 
under  the  impression  that  they  occurred  in  a  period  of  one  hundred  in- 
stead of  two  thousand  years.  Such  a  portion  of  history  would  imme- 
diately assume  the  air  of  a  romance ;  the  events  would  seem  devoid  of 
credibiUty,  and  inconsistent  with  the  present  course  of  human  allairs. 
A  crowd  of  incidents  would  follow  each  other  in  tliick  succession.  Ar- 
mies and  fleets  would  appear  to  be  assembled  only  to  be  destroyed,  and 
cities  built  merely  to  faU  in  ruina.  There  would  be  the  most  violent 
tnmsitions  from  foreign  or  intestme  war  to  periods  of  profound  peaces 
and  the  works  eflfected  during  the  years  of  disorder  ortnmquillity  wooid 
appear  alike  superhuman  m  magnitude. 
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He  who  should  study  the  monuments  of  the  netanl  world  under  the 
iafliieace  of  a  similar  infatuation,  must  drav  a  no  less  exaggerated  pie> 

Wn*  of  the  energy  find  viol«'nec  of  caw«;e<?,  nntl  mus'  frpenence  the 
saitif  insurmountable  difliculfy  in  roconciling  the  former  and  present 
state  of  nature.  If  we  could  behold  in  one  view  uU  the  volcanic  cones 
thruwii  up  in  Iceland,  Italy,  Sicily,  and  other  parts  of  Europe,  during 
the  last  five  thousand  years,  and  could  see  the  lavas  which  have  flowed 
daring  the  same  period ;  the  (Ualocations*  anbsideoces,  and  elevations 
esnsed  during  earthquakes;  the  lands  added  to  varbos  deltas,  or  de- 
voured by  the  sea,  together  with  the  effects  of  devastation  hy  floods, 
aad  {msgioe  that  all  these  events  had  happened  in  one  year,  we  must 
(am  most  exalted  ideas  of  the  activity  of  the  agents,  and  the  sudden- 
ness of  the  revolutions.  Were  an  equal  amount  of  change  to  pass  be-  ' 
fore  our  eyes  in  the  next  yenr,  could  we  avoid  the  conclusion  that  some 
great  crisis  of  nature  %vns  ai  hand?  If  geologists,  therefore,  liave  mis- 
interpreted the  signs  of  a  succession  of  events,  so  as  lo  conclude  that 
centories  were  implied  where  the  oharacters  imported  thouaancb  of 
jeers*  and  thoosands  of  years  where  the  language  of  Nature  signified 
nuffions,  they  oonid  not,  if  thej^  reasoned  logically  from  such  false  prem* 
iRs,  c  )me  to  any  other  eonclusioa  than  that  the  system  of  the  natural 
vorld  had  undergone  a  complete  revolution. 

We  should  be  warranted  in  ascribing  the  erection  of  tlie  great  pvni" 
Tnid  to  superhuman  power,  if  we  were  convinced  that  it  was  raised  in 
one  day ;  and  if  we  imagine,  in  the  same  manner,  a  continent  or  nioun- 
tiin-chain  to  liave  been  elevated  durino;  an  equally  small  fraction  of  the 
time-which  waii  really  occupied  in  upheaving  it,  we  might  then  be 
jsslified  in  inferring,  that  the  snbterranean  movements  were  once  fiur 
more  energetic  than  m  our  own  times.  We  know  that  during  one 
euthquake  the  coast  of  Chili  may  be  raised  for  a  hundred  miles  to  the 
;iv.  mge  height  of  about  three  feet.  A  repetition  of  two  thousand 
il.ocks,  of  equal  Violence,  might  produce  a  mountain-chain  one  hun- 
dr.-d  miles  long,  and  six  thousand  feet  hii^^li.  Now,  should  one  or  two 
only  of  these  con\"ulsions  h  ipp'  n  in  a  century,  it  would  be  consistent 
with  the  order  of  evfnts  experienced  by  the  Chilians  from  the  earliest 
uniTs ;  hut  if  tin-  wiiole  of  them  were  to  occur  in  the  next  hundred 
years,  the  entire  .distiict  must  be  depopulated,  scarcely  any  animals  or 
phats  eonid  survive,  aad  the  suriiMe  would  he  one  eonfoaed  heap  of 
rva  and  desolation. 

One  eonscquenee  of  undervaluing  greatly  the  quantity  ct  past  time, 
ii  the  apparent  coincidence  which  it  occasions  of  events  necessarily  dis* 
connected,  or  which  are  so  unusual,  that  it  would  be  ineonsistent  with 
all  calculation  of  chances  to  suppose  them  to  happ*>n  at  one  and  the 
same  time.  When  tli"  iml'X)ked-fur  association  of  such  rare  plienomena 
is  witnessed  in  the  present  counse  of  nature,  it  scarcelv  ever  fails  to 
eiciie  a  suspicion  of  the  preternatural  in  those  minds  which  are  not 
&mly  convinced  of  the  uniform  agency  of  secondary  causes  ; — as  if  the  , 
death  of  some  individnal  m  whose  fate  they  are  intereated  hi^pens  to 
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be  accompanied  by  the  appearance  of  a  luminous  meteor,  or  a  comet,  or 
the  shock  of  an  earthqu  ike.  It  would  be  only  necessaiy  to  multiply 
Buch  coincidences  indednitely,  and  the  mind  of  every  philosopher  would 
be  disturbed.  Now  it  would  be  difficult  to  exaggerate  the  number  of 
physieal  events,  many  of  tliem  most  rare  and  unoMmected  in  tbdr  ne^ 
tore,  which  vera  imagined  by  the  Woodwaidiea  hjrpotheait  to  have 
happened  in  the  course  of  a  few  months ;  and  numerous  other  eiamplee 
might  be  found  of  popnlar  geological  theories*  which  require  us  to  im- 
agine that  a  lon^  succcMion  of  events  hi^pened  in  a  brief  and  almost 
momentary  period. 

Another  liability  to  error,  very  nearly  allied  to  the  former,  arises  from 
the  fre(juent  contact  of  geological  monuments  reA-rring  to  very  distant 
periods  of  tinae.  We  often  bciiold,  at  one  glance,  the  effects  of  causes 
which  have  aeted  al  times  incalculably  remote,  and  yet  there  may  he  no 
strikmg  circumstances  to  maik  the  oeeumnce  of  a  great  chasm  in  the 
ch^mological  series  of  Nature's  archives.  In  the  vast  mterval  of  tone 
which  may  really  have  elapsed  between  the  results  of  operations  thus 
compared,  the  physical  condition  of  the  earth  may,  by  slow  and  insen- 
nble  modifications,  have  become  entirely  altered  ;  one  or  more  races  of 
organic  beings  may  have  passed  awav,  and  yot  have  left  behind,  in  the 
particular  region  under  contemplation,  no  trace  of  their  existence. 

To  a  mind  unconscious  of  these  intermediate  events,  the  pjissage  frutn 
one  state  of  things  to  another  must  appear  so  violent,  that  the  idea  of 
revolutions  in  the  system  inevitably  suggests  itself.  The  imaginatioo  is 
as  much  perplexed  by  the  deception,  as  it  might  he  if  two  distant  points 
in  qiaoe  were  suddenly  brought  into  immediate  proiimity.  Let  us 
suppose,  for  a  moment*  that  a  philosopher  should  liia  down  to  sleep  in 
some  arctic  wilderness,  and  then  be  transferred  by  a  power,  such  as  we 
read  of  in  tales  uf  enchantment,  to  a  valley  in  a  tropical  country',  where, 
on  awaking,  he  might  find  himself  surrounded  by  birds  of  brilliant  plu- 
mage, and  all  the  luxuriance  of  animal  and  vegetable  forms  of  which 
Nature  is  so  prodigal  in  those  regions.  The  most  re;u>onable  supposi- 
tion, perhaps,  which  he  could  make,  if  by  the  necromancer's  art  he  were 
pUced  in  such  a  situation,  would  be,  that  he  was  dreaming ;  and  if  a 
geologist  form  theories  under  a  simihv  delusioo,  we  cannot  expect  him 
to  preserve  more  consistency  in  his  speeuhitiQns  than  in.the  tnmof  ideaa 
ra  an  ordinary  dream. 

It  may  afford,  perhaps,  a  lively  illustration  of  the  principle  here  inast- 
ed  upon,  if  I  recall  to  the  reader's  recollection  the  legend  of  the  Seven 
Sleepers.  The  scene  of  that  popular  fable  was  placed  in  the  two  centu- 
ries which  elapsed  between  the  reign  of  the  emperor  Decius  and  the 
death  of  Theodosius  the  younger.  In  that  interval  of  time  (between 
the  years  249  and  450  of  our  era)  the  union  of  the  Roman  Empire  had 
been  dissolved,  and  some  of  its  iiAirest  provinces  overrun  by  the  batha- 
rians  of  the  north.  The  seat  of  goverameat  had  passed  from  Rome  to 
Constantinople,  and  the  throne  from  a  pagan  persecutor  to  a  suocowoo 
af  Christian  and  orthodox  princes.  The  geonis  of  the  empire  had  been 
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.  humbled  in  the  dust,  and  the  altars  of  Diana  and  Hercules  were  on  the 
point  of  being  transferred  to  Catholic  saints  and  martyrs.  The  legend 
relates,  "  that  when  Decius  was  still  persecuting  the  Christians,  seven 
noble  youths  of  Ephesus  concealed  themselves  in  a  spacious  cavern  in 
the  side  of  an  adjacent  mountain,  where  they  were  doomed  to  perish 
by  the  tyrant,  who  gave  orders  that  the  entrance  should  be  firmly  se- 
cured with  a  pile  of  huge  stones.  They  immediately  fell  into  a  deep 
slumber,  which  was  miraculously  prolonged,  without  injuring  the  powers 
of  life,  during  a  period  of  187  years.  At  the  end  of  that  time  the 
slaves  of  Adolius,  to  whom  the  inheritance  of  the  mountain  had  descend- 
ed, removed  the  stones  to  supply  materials  for  some  rustic  edifice  :  the 
light  of  the  sun  darted  into  the  cavern,  and  the  Seven  Sleepers  were 
permitted  to  awake.  After  a  slumber,  as  they  thought,  of  a  few  hours, 
they  were  pressed  by  the  calls  of  hunger,  and  resolved  that  Jambli- 
chus,  one  of  their  number,  should  secretly  return  to  the  city  to  pur- 
chase bread  for  the  use  of  his  companions.  The  youth  could  no  longer 
recognize  the  once  familiar  aspect  of  his  native  countr>',  and  his  surprise 
was  increased  by  the  appearance  of  a  large  cross  triumphantly  erected 
over  the  principal  gate  of  Ephesus.  His  singular  dress  and  obsolete 
language  confounded  the  baker,  to  whom  he  offered  an  ancient  medal 
of  Decius  as  the  current  coin  of  the  empire  ;  and  Jamblichus,  on  the 
suspicion  of  a  secret  treasure,  was  dragged  before  the  judge.  Their 
niutual  inquiries  produced  the  amazing  discovery,  that  two  centuries 
were  almost  elapsed  since  Jamblichus  and  his  friends  had  escaped  from 
the  rage  of  a  pagan  tyrant."* 

This  legend  was  received  as  authentic  throughout  the  Christian  world 
before  the  end  of  the  si.xth  century,  and  was  afterwards  introduced  by 
Mahomet  as  a  divine  revelation  into  the  Koran,  and  from  hence  was 
adopted  and  adorned  by  all  the  nations  from  Bengal  to  Africa  who  pro- 
fessed the  Mahometan  faith.  Some  vestiges  even  of  a  similar  tnidition 
have  been  discovered  in  Scandinavia.  *•  This  easy  and  universal  belief," 
observes  the  philosophical  historian  of  the  Decline  and  Fall,  "so  expres- 
sive of  the  sense  of  mankind,  may  be  ascribed  to  the  genuine  merit  of 
the  fable  itself.  We  imperceptibly  advance  from  youth  to  age,  without 
•  observing  the  gradual,  but  incessant,  change  of  human  affairs ;  and  even, 
in  our  larger  experience  of  history,  the  imagination  is  accustomed,  by  a 
perpetual  series  of  causes  and  effects,  to  unite  the  most  distant  revolu- 
tions. But  if  the  interval  between  two  memorable  eras  could  be  in- 
stantly annihilated  ;  if  it  were  possible,  after  a  momentary  slumber  of 
two  hundred  years,  to  display  the  new  world  to  the  eyes  of  a  spectator 
who  still  retained  a  lively  and  . recent  impression  of  the  old,  his  surprise 
and  his  reflections  would  furnish  the  pleasing  subject  of  a  philosophical 
romance,  "f 

Prejudices  arising  from  our  peculiar  position  as  inhabitants  of  the 
land. — The  sources  of  prejudice  hitherto  considered  may  be  deemed 

*  Gibbon,  Decline  and  Fall,  chap,  zxziil  f  Id.  Ibid. 
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peeulkr  for  the  most  part  to  the  infancy  of  the  sdeiiee»  bvi  oUien  are 
common  to  the  first  cultivators  of  geologf  and  to  oaiadTOi,  and  are  aU 

fiinnrularlv  calculated  to  produce  the  same  rlecpplion,  nnd  to  strengthen 
rnir  hnlief  that  the  course  of  nature  in  the  earlier  ajres  ditfrred  widflj 
from  that  now  establis^hed.  Although  these  circumstances  cannot  bei 
fully  explained  without  assuming  some  thin^  as  proved,  which  it  will 
be  the  object  of  another  part  of  this  work  to  demonstraie,  it  may  be 
well  to  allude  to  them  briefly  in  this  place. 

The  first  and  greatest  difficulty,  tben,  oomista  in  an  Habitnal  nnoon- 
sdottsness  that  our'  pomtion  aa  obaerveia  ia  esicntially  vifavoniUe,  when 
we  endeiiTor  to  estimate  the  nature  and  magnitude  of  the  changes  now 
in  progress.  In  ecnsequcnce  of  our  inattenUon  to  this  subject,  we 
are  liable  to  serious  mistakes  in  contrasting  the  present  with  former 
states  of  the  globe.  As  dwellers  on  the  land,  we  inhabit  about  a  fourth 
part  of  the  surface  ;  and  that  portion  is  almost  exclusively  a  theatre  of 
decay,  and  not  of  reproduction.  We  know,  indeed,  that  new  deposits 
are  annually  formed  in  seas  and  lakes,  and  that  every  year  some  new 
%neous  rocks  are  produced  in  the  howela  of  the  earth,  hut  we  cannot 
watch  the  progress  of  their  formation ;  and  aa  they  are  only  present  to 
our  nunds  by  the  aid  of  refleotion,  it  requires  an  effort  hoth  of  the  reason 
and  the  imagination  to  appreciate  duly  their  importance.  It  is,  there- 
fore, not  surprising  that  we  estimate  very  imperfectly  the  result  of  opera- 
tions thus  invisible  to  us  ;  nnd  that,  when  analoi^ous  results  of  former 
epochs  are  presented  to  our  inspprtion,  we  cannot  immediately  recog- 
nize the  analogy.  He  who  hn^  observed  the  quarrying  of  stone  from  a 
rock,  and  has  seen  it  shipped  for  some  distant  port,  and  then  endeavors 
to  conceive  what  Jcind  of  edifice  will  be  raised  by  the  materials,  is  in  the 
same  predicament  aa  a  geologist,  who,  whOe  he  is  confined  to  the  land, 
sees  the  decomposition  of  rocks,  and-  the  tnnaportation  of  matter  hy 
riven  to  the  sea»and  then  endeavots  to^  picture  to  himself  the  new  strata 
which  Nature  is  building  beneath  the  waters, 

PftftuUeei  anting  from  our  not  seeing  subterranean  eAon^.— Nor  is 
hia  position  less  unfavorable  when,  beholding  a  volcanic  eruption,  he 
tries  to  rnnr^eivo  what  changes  the  column  of  lava  has  produced,  in  its 
passage  upwards,  on  the  intersected  strata:  or  what  form  the  melted 
matter  may  Ui>^ume  at  great  depths  on  cooling ;  or  what  may  be  the  ex- 
tent of  the  subterraneaii  rivers  and  reservoirs  of  liquid  matter  far  be- 
neath the  aurface.  It  ahould,  therefore,  be  remembered,  that  the  task 
imposed  on  those  who  study  the  earth's  history  requires  no  ordinary 
ahare  of  discretion ;  for  we  are  pradnded  from  colhiting  the  correspond- 
ing  parts  of  the  system  of  things  as  it  exists  now,  and  as  it  existed  at 
former  periods.  If  we  were  inhabitjints  of  another  t  k  ment  if  the  great 
ocean  were  our  domain,  instead  of  the  narrow  limits  of  the  land,  our 
diflicullies  would  be  considerably  lessened  ;  while,  on  the  other  hand, 
there  can  be  little  doubt,  although  the  reader  may,  perhaps,  smile  at  the 
bare  suggestion  of  such  an  idea,  that  an  amphibious  being,  who  should 
possess  our  faculties,  woukl  still  more  easily  arrive  at  sound  theoretical 
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Opinions  in  geology,  since  he  might  behold,  on  the  one  hand,  the  decoin> 
pocitkm  of  rooks  in  the  atmosphere,  or  the  transportation  of  matter  by 
ninniDg  water ;  and,  on  the  other,  examine  the  depositirm  of  sediment 
in  the  sea,  and  the  imbeddintj  of  animal  and  veget<'ible  remains  in  new 
strata.  He  might  ascertain,  by  direct  observation,  tiu'  action  of  a  moun- 
tain torrent,  as  well  as  of  a  marine  current ;  might  compare  the  products 
of  Toloanoes  poured  out  upon  the  land  with  those  ejected  beneath  the 
walefs ;  and  might  mark,  on  the  one  hand,  the  growth  of  the  forest^ 
and,  on  the  other,  that  of  the  eoral  reef.  Yet,  even  with  these  advan- 
tagee,  he  would' be  liable  to  fell  into  the  greatest  enon^  when  eodeavoi^ 
ing  to  reason  on  rocks  of  subterranean  origin.  He  would  seek  in  vain, 
within  the  sphere  of  his  observation,  for  any  direct  analogy  to  the  pro- 
cess of  their  formation,  and  would  therefore  bo  in  danger  of  attributing 
th»  m,  wherever  they  aro  upraised  to  view,  to  some  "primeval  state  of 
nature." 

But  if  we  may  be  allowed  so  far  to  indulge  the  imagination,  as  to 
aappose  a  being  entirely  confined  to  the  nether  world — some  "  dusky 
mefamcholy  sprite^"  like  Umbriel,  who  eouhl  flit  on  sooty  pinions  to 
the  ecntral  earth,"  bat  who  was  never  pemntted  to  "snlly  the  faur  faoe 
of  light,"  and  emerge  mto  the  regions  of  water  and  of  air;  and  if  this 
being  should  busy  himself  in  investigating  the  stmetnre  of  .the  globe,  he 
might  frame  theories  the  exact  converse  of  those  usually  adopted  bj 
human  philoso[)hors,  might  infer  that  the  stratified  rocks,  contain- 
iw^  shells  and  <tl)i»  r  orL^iiiiic  remains,  were  the  oldest  of  created  things, . 
belongintj^  to  some  original  and  n:usoent  state  of  the  {)lanet.  "  Of  these 
inas>es,"  he  might  say,  "  whether  they  consist  of  loose  incoherent  sand, 
aoft  clay,  or  iofid  stones  none  have  been  formed  in  modern  times.  Every 
jear  some  part  of  them  are  broken  and  shattered  by  earthquakes,  or 
melted  by  volBanio  lire;  and  when  they  eooi  down  slowly  frcnn  a  state 
of  fonoo,  th^  assume  a  new  and  more  crystalline  form,  no  longer  exhib- 
iting that  stratified  disposition  and  those  eurious  impressions  and  fan- 
tastic markings,  by  which  they  were  previously  characterized.  This 
process  cannot  have  been  carried  on  for  an  indefinite  time,  for  in  that 
case  all  the  stratified  rocks  would  long  ere  this  have  been  fused  and 
crystallized.  It  is  therefore  probable  that  the  whole  planet  once  con- 
sisted of  these  mysterious  and  curiously  bedded  formations  at  a  time 
whm  the  voleanie  fire  had  not  yet  been  brought  into  activity.  I^oe 
that  period  there  aeema  to  have  been  a  gradtial  development  of  heat; 
and  this  angmentation  we  may  expect  to  eontmne  till  the  whole  globe 
shall  be  in  a  state  of  fluidity  and  incandescence." 

Such  might  be  the  system  (rf  the  Gnome  at  the  very  time  that  the 
followers  of  Leibnitz,  reasoning  on  what  they  saw  on  the  outer  surface, 
might  be  teaching  the  opposite  doctrine  of  l^t adual  refrigeration,  and 
averring  that  the  earth  had  begun  its  career  as  a  fiery  comet,  and  might 
be  df'iilincd  hereafter  to  become  a  frozen  mass.  The  tenets  of  the 
schools  of  the  nether  and  of  the  upper  world  would  be  directly  opposed 
to  each  other,  for  both  would  partake  of  the  prcjudieet  inavitaUy  re- 
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suiting  from  the  continual  contemplation  of  on*^  class  of  phenomena  to 
the  exclusion  of  another.  Man  observes  tlie  uimual  decomposition  of 
crystalline  and  igneous  rocks,  and  may  sometimes  see  their  conversion 
into  stratified  deposits ;  but  he  cannot  witness  the  reconversion  of  the 
aedimenUry  into  the  crystalline  hy  sobtensneaD  fire.  He  is  io  tbe  habit 
of  regarding  all  the  aediinentarjr  roeks  as  more  recent  than  tbe  imstrati' 
fied,  for  tbe  aain^  reason  that  we  maj  suppose  bim  to  M  into  the  op- 
posite eivor  if  he  saw  the  origin  of  the  igneous  class  only. 

It  was  not  an  impossible  contingency,  that  astronomers  might  have 
been  placed  at  some  period  in  a  situMion  much  resembling  that  in  which 
the  geologist  seems  to  stand  at  present.  If  tbe  Itiilians,  for  example,  in 
the  early  part  of  the  twelfth  century,  had  discovered  at  Amalfi,  instead 
of  the  pandects  of  Justinian,  some  ancient  manuscripts  filled  with  as- 
tronomical observations  relating  to  a  period  of  three  thousand  years, 
and  made  by  some  ancient  geometers  who  possessed  optical  instrumenUi 
Bs  perfect  as  any  in  modem  Europe,  they  would  probably,  on  consult- 
iqH^  these  memorials,  hare  come  to  a  conchision  that  there  had  bem  a 
great  revolntioB  in  the  solar  and  sideresl  systems.  "Many  primary  and 
secondary  planets/'  they  might  say,  "are  enumemted  in  these  tables, 
which  eiist  no  longer.  Their  positions  are  assigned  with  such  precisioa 
that  we  may  assure  ourselves  that  there  is  nothing  in  their  place  at  pres- 
ent but  the  blue  etlier  Where  one  star  is  visible  to  us,  these  docu- 
ments represent  several  thousands.  Some  of  those  which  are  now 
single  consisted  then  of  two  separate  bodies,  often  distinguished  by  dif- 
ferent colors,  and  revolving  periodically  round  a  common  centre  of  grav- 
ity. There  is  nothing  analogous  to  them  in  the  universe  at  present ; 
for  they  were  neither  filed  stare  nor  planets,  but  seem  to  have  stood  in 
tbe  mutual  rektion  of  sun  and  planet  to  each  other.  We  most  oon- 
olnde,  therefore,  that  there  has  occurred,  at  no  distant. period,  a  tre- 
mendous catastrophe,  whereby  thousands  of  worlds  have  been  annihi- 
lated at  once,  and  some  heavenly  bodies  absoiMl  into  the  substance  of 
others." 

When  such  doctrines  had  prevailed  for  ac^es,  the  discovery  of  some 
of  the  worlds,  supposed  to  havp  been  lost  (the  satellites  of  Jupiter,  for 
example),  by  aid  of  the  first  rude  telescope  invented  after  tin  ir^vival 
of  science,  would  not  dissipate  the  delusion,  for  the  whole  bui  den  of 
proof  wotdd  now  be  thrown  on  those  who  insisted  on  the  stability  of 
the  system  from  a  remote  period,  and  these  pbilosopheis  would  be  re- 
quired to  demonstnte  the  existence  of  alt  the  worUs  said  to  have  beoi 
annihilated. 

Such  pc^nlar  prejudices  would  be  most  unfavorable  to  the  advance- 
ment of  astronomy ;  for,  instead  of  persevering  in  the  attempt  to  im* 
prove  their  instruments,  and  laboriously  to  make  and  record  observa- 
tionc,  the  greater  number  would  despair  of  verifying  the  continued 
existence  of  the  heavenly  bodies  not  visible  to  the  naked  eye.  Instead 
of  confessing  the  extent  of  their  ignorance,  and  striving  to  remove  it  by 
bringing  to  light  new  facts,  they  would  indulge  in  the  more  easy  and 
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indolent  employment  of  framing  imaginary  theories  concerning  catastro- 
phes and  mighty  revolutiomi  in  the  Bystem  of  the  muTdree. 

For  moK  than  two  eenturies  the  shelly  strata  of  the  Subapenoine  hills 
afforded  matter  of  speeiilation  to  the  early  geologbts  of  Italy,  and  few 
of  them  had  any  suspicion  that  similar  deposits  were  then  forming  in 
the  neigbborin;^  sea.    They  were  as  imconscious  of  the  continued  action 
of  causes  still  producing  similar  effects,  as  *he  astronomers,  in  the  case 
ab'^ve  siippnspd,  of  the  existence  of  ceitain  heavenly  bodies  still  giving 
and  reflecting  light,  and  performing  their  movements  as  of  old.  Some 
imftgtncii  that  the  strata,  so  rich  in  organic  renuiias,  mslead  of  being 
due  to  secondary  agents,  had  h^ea  so  created  in  the  beginning  of  tilings 
by  the  fiat  of  the  Almighty.   Others,  sa  we  have  seen,  ascribed  the 
imbedded  fossil  bodies  to  some  plastic  power  which  resided  in  tho  earth 
m  the  early  ages  <^  the  world.   In  what  manner  were  these  dogmas  at 
ki^th  exploded?   The  fossil  relics  were  (  art  fully  compared  with  their 
living  analogue^  and  all  doubts  as  to  their  organic  origin  were  event- 
ually dispelled.    So,  al«;o,  in  regard  to  the  nature  of  the  containing 
beds  of  mud.  sand,  and  liraestone  :  those  parts  of  tho,  bottom  of  the  sea 
wt^r"  examined  where  shells  arc  now  becoming  antnuilly  entombed  in 
Dt'W  dop()^its.    Donati  explored  the  bed  of  the  Adriatic,  and  found  tho 
closest  resemblance  between  the  strata  there  forming,  and  ihose  winch 
oonstitttted  hills  above  a  thousand  feet  high  in  various  parts  of  the 
Italian  peninsula.   He  ascertained  by  dredging  that  living  testacea 
were  there  grouped  together  in  precisely  the  same  manner  as  were 
their  fossil  analogues  in  the  inland  strata ;  and  while  some  ot  the  recent 
fthells  of  the  Adriatic  were  becoming  incrusted  with  calcareous  rock»  he 
observed  that  otlicrs  had  been  newly  buried  in  sand  and  clay,  precisely 
as  fossil  shells  occur  in  the  Subapcnnine  hills.    This  discovery  of  the 
identity  of  modern  and  ancient  submarine  operations  was  not  made 
-without  the  aid  of  artificial  instruments,  which,  like  the  telescope, 
Wought  phenomena  into  view  not  otherwise  witliin  the  sphere  of  human 
observalkm* 

In  like  manner,  the  volcanic  rocks  of  the  Vieentin  had  been  studied 
m  the  b^inning  d  the  last  century ;  but  no  geologist  suspected,  bdom 
the  time  cif  Arduino^  that  these  were  composed  of  ancient  submarine  lavas. 
During  many  years  of  controversy,  the  popular  opinion  inclined  to  a  be* 

lief  tliat  basalt  and  rocks  of  the  same  class  had  been  precipitated  from  a 
chaotic  fluid,  or  an  ocean  which  rose  at  successive  periods  over  the  con- 
tin  nts.  pluuged  witli  the  component  elements  of  the  rocks  in  quesiion. 
lew  will  now  disfuiie  that  it  would  have  been  dithcult  to  invent  a  theory 
more  distant  from  the  Li  uth;  yet  we  must  cease  to  wonder  that  it  gained 
so  maoy  proselytes,  when  we  ranember  that  its  claims  to  jHobftbility  anise 
partly  from  the  very  droumstanoe  of  its  confirming  the  assumed  want  of 
analogy  between  geolo^cal  causes  and  those  now  in  action.  By  what  train 
of  mvestigatkms  were  geologists  induced  at  length  to  reject  these  views, 
and  to  aaaent  to  the  igneous  origin  of  the  tnppean  formations  ?  By  an 


Digitized  by  Google 


79 


DMIVOSM  00DB8B  OP  SATUBS. 


examination  of  volcanoes  now  active,  and  by  comparing  their  structure 
and  the  composition  of  their  lavas  with  the  ancient  trap-rocks. 

The  esLablishment,  from  time  to  time,  of  numerous  points  of  identifica- 
tion, drew  at  length  from  geologists  •  relttctaat  admission,  that  there  was 
more  eonrespondenoe  hetween  the  condition -of  the  globe  at  remote  earn 
and  now,  and  more  uniformity  in  the  laws  which  haye  regulated  the 
chaoges.of  its  surface,  than  they  at  first  imagined.  If,  in  this  state  of  the 
adenoe.  they  still  despaired  of  recondting  every  class  of  geological  phe- 
nomena to  the  operations  of  ordinary  eaoses,  even  by  straining  analogy  to 
the  utmost  limits  of  credibi!itv,  we  might  have  expected,  at  least,  that  (he 
•  balance  of  probability  would  now  have  been  presumed  to  incline  towards 

the  close  analop^y  of  the  ancient  and  modern  caus(>s.  But,  aili^r  repeated 
experieiicu  of  the  failure  of  attempts  to  speculate  on  geological  monuments, 
as  belonging  to  a  distinct  order  of  things,  new  sects  continued  to  perse- 
vere in  the  principles  adopted  by  tbeiir  predecessors.  They  still  began,  aa 
each  new  problem  presented  itself,  whether  relating  to  the  animate  or  in- 
ammate  world,  to  assume  an  origtmd  and  dissimilar  order  of  nature ;  and 
when  at  length  they  approximated,  or  entirely  came  round  to  an  opposite 
opinion,  it  was  always  with  the  feeling,  that  they  were  conceding  what  they 
had  been  justified  a  priori  in  deeming  improbable.  In  a  word,  the  same 
men  who,  as  natural  philosophers,  would  have  been  most  incredulous  re- 
.  spectins^  any  extraordinary  deviations  from  the  known  course  of  nature,  if 
reported  to  have  happened  in  their  own  time,  were  equally  disposed,  as  ge- 
ologists, to  expect  the  proufs  of  such  deviations  at  ever)'  pci  iod  of  the  past. 

I  shall  proceed  in  the  following  chapters  to  enumerate  some  of  the  prin- 
ctpal  difficolties  stiU  opposed  to  the  theory  of  the  umform  nature  and  ener> 
gy  of  the  causes  which  have  worked  sucoessive.changes  in  the  crust  of  the 
earth,  and  in  the  condition  of  its  living  inhabitants.  The  discussion  of  so 
important  a  question  on  the  present  occasion  may  appear  premature,  but 
it  is  one  which  naturally  arises  out  of  a  review  of  the  former  histoiy  of 
the  science.  It  is,  of  course,  impossible  to  enter  into  such  speculative 
topics,  without  occasionally  carrying  the  novice  beyond  )iis  depth,  and 
appealing  to  facts  and  conclusions  with  which  he  will  be  unacquainted, 
until  he  has  studied  isome  elementary  work  on  geology,  but  it  may  be 
useful  to  excite  his  curiosity,  and  lead  him  to  study  such  works  by  call-  • 
ing  bis  attention  at  once  to  some  of  the  principal  points  of  controversy.* 

•  In  the  earlier  editions  of  this  work,  a  fourth  hook  was  added  on  Gcolopy 
Proper,  or  Systematic  Geology,  coataioiug  au  account  of  the  former  changes  ot 
th«  animate  and  inanifiMta  ereation,  hroai^t  to  light  by  an  examtnattoii  of  the 

cnist  of  tho  earth.  Tills  I  nftt-rwanls  (in  1*^3^)  ex}iiin<lt'd  into  a  Renarate  puMi- 
calioa  colled  the  Eleraenta  or  Manual  Geulugy,  of  which  a  fburth  edition  ap> 
peared  December,  1851. 
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dhnate  of  the  Northern  ITcmisphrrr  formerly  different — Direct  prooh  from  th« 
organic  reamius  of  tiie  lUliau  strata — Proofs  from  analogy  derire'l  from  ex> 
tioet  quadrupeds — Imbedding  of  animob  in  icebergs — Siberuiu  muiumoths— 
Efid«aca  in  r«e«fd  to  temperfttnreb  from  Ihe  loMib  of  tertiuy  and  soeoodary 
rcwks — From  the  plunts  oTtho  coal  format!  ri  -Northern  limit  of  these  fi»siU— 
Whether  soch  plant*  could  eodure  the  long  ocintiouan«e  of  on  arctic  night. 

CUmtUi  cf  tk0  Iforlhtm  Memuphen  formerly  difntnt — Paoon  of 
former  nrolations  m  c1iiitate»  rb  dedneed  fiom  fonil 
Inded  one  of  the  most  popular  objections  to  the  theory  whioh  endew^ 

ore  to  explain  all  geological  chanirea  by  reference  to  those  now  m 
progress  on  tli*'  enrth  The  probable  causea,  therefore,  of  fluctiaatioiii 
in  climate,  may  tirst  ba  treated  of. 

That  the  climate  of  the  Nortliern  hemisphere  has  undergone  an  im- 
porUiDt  change,  and  that  its  mean  annual  temperature  must  once  Vmve 
more  nearly  resembled  that  now  experienced  within  the  tropics,  was  the 
o|iiiiioii  of  aoine  of  the  first  natuialiBtB  who  investigated  the  contento  of 
the  ancient  eCiata,  Then*  eonjeetQre  beeame  more  probable  when  the 
ihdb  and  eorala  of  the  older  tertiary  and  many  iecondary  rocka  were 
(^ully  examined  ;  for  the  organic  remains  of  theae  fomatiooo  were 
found  to  be  intimately  connected  by  generic  afihiity  with  species  now 
liviniT  in  warmer  iHtifndes.  At  a  Inter  period,  many  reptiles,  such  as 
Sttf!l«s,  t<»rtoises.  and  lar'je  saurian  animals,  were  discovered  in  Euro- 
pean toimaHons  in  great  a}»undance  ;*nnd  they  supplied  new  and  power- 
ful argaments,  from  analogy,  in  support  of  the  doctrine,  tltat  the  heat 
of  the  climate  had  been  great  when  our  secondary  strata  were  deposited. 
I^y.  when  the  botaoiat  tonied  his  attention  to  the  specifie  detennina- 
^  of  jEoasil  plantBy  the  evidence  acquired  attll  fuller  confirmation ;  for 
the  flora  of  a  country  b  peculiarly  influenced  by  temperature :  and  the 
ancient  verr-  tation  of  the  earth  might  have  been  expected  more  readily 
than  the  forms  of  animals,  to  have  afforded  conflicting  proofs,  had  the 
poptilar  theory  been  without  foundation.  When  tlio  examination  of  fos- 
"il  remains  was  ext<'nded  to  rocks  in  the  most  nortliern  parts  of  Europe 
4nd  North  America,  and  even  to  the  Arctic  regions,  indications  of  the 
Wae  revolution  in  cliniate  were  discovered. 

li  eamoi  be  aaid,  that  in  tlda,  aa  in  many  other  departmenta  of 
8^ology»  we  have  investigated  the  phenomena  of  former  eraa»  and  neg- 
keted  those  of  the  present  state  of  things.  On  the  oontmry,  since  the 
tm  agitation  of  this  interesting  question,  the  aooeaatona  to  our  knowl- 
•dgft  of  filing  ammals  and  phmts  have  been  immense,  and  hm  fin 
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Burpabsed  all  the  data  previously  obtained  for  creneralizing  on  the  rela- 
tion of  certain  types  of  organiitatiou  to  particular  climates.  The  tropicai 
and  teuiperate  zones  of  South  America  and  of  Australia  have  been  ex- 
pliwed ;  and,  on  close  compariAOO*  it  has  beea  foand  Uiai  searcely  any 
of  the  speciies  of  the  animate  ereation  in  these  extensiTe  cont^eoto  are 
identical  with  those  inhaUting  the  old  world.  Yet  the  jsoolqgist  and 
botanist,  well  acquainted  with  the  geographical  distribution  of  organic 
bebgs  in  other  parts  of  the  globe,  would  have  been  able,  if  distinct 
groups  of  species  had  been  presented  to  them  from  these  refrions,  to 
recognize  those  which  had  been  collected  from  latitudes  within*  and 
thc^  which  were  brought  iVom  without  the  tropics. 

Before  I  attempt  to  explain  the  probable  cauHes  of  great  vicissitudes 
of  temperature  on  the  earth's  surface,  I  shall  take  a  rapid  view  of  some 
of  the  principal  data  which  appear  to  support  the  popular  opinions  now 
entertained  on  the  suhject  To  insist  on  the  soundness  of  these  infer- 
Mieesyis  the  more  necessary,  because  some  aoolof^tshave  und^taken  to 
vjpdioate  the  uniformity  of  the  laws  of  nature,  not  by  accounting  for 
former  fluctuations  in  climate,  but  by  denying  the  value  of  the  evidence 
in  their  favor.* 

Proofs  from  fn^sil  shells  in  irrtiarff  strata. — In  Sicily,  Calabria,  and 
in  the  neighburliood  of  Naples,  the  fossil  testacea  of  the  most  modem 
tertiary  formations  btilong  almost  cuiirciy  to  species  now  inhabiting  the 
Mediterranean ;  but  as  we  proceed  northwards  in  the  Italian  pen'uisuhi 
we  find  in  the  strata  called  Subapennioe  an  assemblage  of  fossil  shells 
departing  somewhat  more  widely  from  the  type  of  the  neighboring 
seas.  The  proportion  of  species  identifiable  with  those  now  living  in 
Uie  Mediternmean  is  still  considerable  ;  but  it  no  longer  predominates, 
as  in  the  South  of  Italy  and  part  of  Sicily,  over  tlie  unknown  species. 
AlthoiKjh  occurrincf  in  loca1iti«^s  which  are  removed  several  degrees  far- 
ther from  tlie  (Hjuator  (as  ai  .Sienna,  Parma,  Asti,  (fee),  the  shells  yield 
clear  indications  of  a  wanner  climate.  This  evidence  is  of  L^reat  weight, 
and  is  not  neutralized  by  any  facts  of  a  conflicting  character  ;  such,  fur 
laBtsaea,  as  the  aasoeiatioii,  in  the  same  group,  of  individuals  nferable 
to  species  now  confined  to  arctie  regions.  Whenever  any  of  the  fossil 
shells  are  identified  with  living  species  foreign  to  the  Meditenanean,  it 
is  not  in  the  Northern  Ocean,  but  nearer  the  tropics,  tha^they  must  be 
sought :  on  the  other  hand,  the  associated  unknown  species  belong,  lor 
the  most  part,  to  ^enrra  which  are  now  most  larircly  developed  in  equi- 
noctial regions,  as,  for  example,  the  genera  Cancellaria,  Cassidaria, 
Pleurotoma,  Conus,  and  Cypriea. 

Ou  cumpariug  the  fossik  of  the  tertiary  deposits  of  Paris  and  London 
with  those  of  Bourdeaux,  and  these  again  with  the  more  modern  strata 
sf  Sidly,  we  should  at  first  expect  that  they  would  each  indicate  a 
higher  temperature  m  proportion  as  they  are  situated  farther  to  the 

*  See  two  articles  by  the  Hev.  Dr.  Fleming,  In  tho  E'linburgh  NcW  Ail 
Joiura  Ifo.  xii  p  217,  April,  1829  i  and  Na  xv.  p.  66,  Jan.  1890. 
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mth.  But  the  contrary  is  true ;  of  the  shells  belonging  to  these  seve- 
ral groups,  vbether  freshwater  or  marine,  some  are  of  extinct,  others  of 
linn£^  sp(»cics.  Those  found  in  the  older,  or  Eocene,  deposits  of  Paris 
md  London,  nltliough  six  or  seven  degrees  to  the  north  of  the  Miocene 
strata  at  Bourd-  uix,  afford  evidence  of  a  warmer  climate  ;  while  those 
of  Bourdeaux  imply  that  the  sea  in  which  they  hved  was  of  a  higher 
temperature  than  that  of  Sicily,  where  the  shelly  strata  were  formed  six 
or  teren  d^;rees  nemer  to  the  equator.  In  these  cases  the  greater  an- 
tiqni^  of  ihe  several  formations  (the  Parisian  being  the  oldest  and  the 
.&ilisn  the  newest)  has  more  than  counterbalanced  the  influence  wbfeb 
latitude  would  otherwise  exert,  and  this  phenomenon  el^ij  points  ton 
gradual  and  successive  refrigeration  of  climate. 

SiUrtan  Mammoths. — It  will  naturally  be  asked,  whether  some  recent 
geol(^cal  discoveries  bringing  evidence  to  light  of  a  colder,  or  as  it  has 
been  termed  "glacial  epoch,"  towards  the  close  of  the  tertiary  periods 
Ihrougliout  the  northern  hemisphere,  does  not  conflict  wilh  the  theory 
ibove  iilluJed  to,  of  a  warmer  temperature  having  prevailed  in  ihe  era% 
of  die  Eocene,  Miocene,  and  Pliocene  formations.  In  answer  to  this  in* 
qiiiiy,  it  may  certainly  be  affirmed,  that  an  osdllation  of  climate  has  oc- 
csrnd  in  times  immediately  antecedent  to  the  peopling  of  the  earth  by 
bib;  but  proof  of  the  interealation  of  a  less  genisl  clhnate  at  an  era 
when  nearly  all  the  marine  and  terrestrial  testacea  had  already  become 
specifically  the  same  as  those  now  living,  by  no  means  rebuts  the  con- 
clusion previously  drawn,  in  favor  of  a  warmer  condition  of  the  globe, 
during  the  ages  u  lii  'li  elapsed  while  the  t  rii  u  v  strata  were  deposited. 
Id  some  of  the  iuu!?l  superticial  patches  of  sand,  gravel,  and  loam,  scat- 
tered very  generally  over  Europe,  and  containing  recent  shells,  the  re- 
BMiM  of  extinct  species  of  land  quadrupeds  have  been  found,  especially 
b  phces  where  tiie  alluvial  matter  appears  to  have  been  washed  mto 
ohO  bkes,  or  into  depresnons  in  the  plains  bordering  ancient  rivets. 
Simihu'  deposits  have  also  been  lodged  m  rents  and  caverns  of  rocks, 
where  they  may  have  been  swept  in  by  land  floods,  or  introduced  by 
ci^phcd  rivers  during  changes  in  the  physical  geography  of  these 
countries.  The  various  circumstances  under  which  the  bones  of  animals 
bare  been  thus  preserved,  will  be  more  fullv  considered  hereafter;*  I 
shall  only  5?tate  here,  that  among  the  extinct  mammalia  thus  entombed, 
*t'  find  species  of  the  elephant,  rhinoceros,  hippopotamus,  bear,  hyaena, 
lion,  liger,  monkey  (macacusf),  and  many  others;  consisting  partly  of 
genera  now  confined  to  warmer  regions.  * 

It  is  certainly  probable  that  when  some  of  theae  quadrupeds  abounded 
is  Europe*  the  climate  was  milder  than  that  now  experienced.  The 
kippopoiamus,  for  example,  is  now  only  met  with  where  the  temperature 
«f  the  water  is  warm  and  nearly  unifonn  throughout  che  year,  and 

•  Book  iii.  chaps.  46,  47,  Ac 

f  Macacos  plioi^ims,  Owen.  Brit,  Foss.  Mam.  Ititr.  p.  37,  found  with  the  extinct 
in  the  modem  ffeihwatcr  bedi  at  Orays  Thurr«ek  (BasexX  hi  the 
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where  the  riven  are  never  frozen  over.  Yet  when  the  great  foBsil  spe 
ciet  {ff^ppopokunus  major,  Cwr,)  inhabited  £iiglaad«  (he  testacea  of  our 
country  were  nearly  the  same  as  those  now  exwtins;,  and  the  climate 
cannot  be  supposed  to  have  been  very  hot.  The  bonos  of  this  animal 
have  latolv  been  found  by  Mr.  Strickland,  together  witli  those  of  a  bear 
and  oi'm  r  inammalia,  at  Cropthom,  near  Evesham,  in  Worcestersliirc,  ia 
alluvial  sand,  together  with  twenty-three  species  of  terrestrial  and  Ireah- 
water  ehella,  all,  with  two  exceptions,  of  British  species.  The  bed  of 
sand,  eontaiimig  the-sheUs  and  bones,  reposeaoa  lias,  and iseovefed  with 
altemaiing  strata  of  gisrel,  sand,  and  loam.* 

The  mammoth  abd  appeals  to  have  existed  in  England  when  the 
temperature  of  our  latitudes  could  not  have  been  very  diflferent  from 
that  which  now  prevails ;  for  remains  of  this  animal  have  been  found  at 
North  Cliff,  in  the  county  of  York,  in  a  l  icustrine  formation,  in  which 
all  the  land  and  freshwater  .shells,  flnrteen  m  number,  can  be  idtnitified 
with  species  and  varieties  now  exiisting  io  that  countv.  Bones  ol  the 
bison,  also,  an  animal  now  iiiluibitin!^  a  cold  or  tempei  Ur  climate,  have 
been  found  in  the  i»ame  place.  That  these  quadrupeds,  aiid  Lhv  idigc- 
nons  species  of  festusea  associated  with  them,  were  all  contemporary 
inhabitants  of  Toriuhire,  has  been  established  hf  wieqmvocal  proof. 
The  Rev.  W.  Y.  Yeraon  Hareourt  eansed  a  pit  to  be  sunk  to  the  depth 
of  twenty-two  feet  through  undisturbed  strata,  in  which  tlie  remains  of 
the  mammoth  were  found  imbedded,  together  with  the  shellSj  in  a  de- 
posit  which  had  evidently  resulted  from  tranquil  wateBS,f 

In  the  vrtllev  of  iho  Thames,  as  at  Tlford  n'.id  Grays,  in  Essex,  bones 
')f  tfif  f  I  ]  bant  and  rhmoceros  occur  in  strata  abounding  in  freshwater 
shells  of  the  genera  Unio,  Cyclas,  Puludina,  Valvata,  AncyKis,  and 
others.  These  fosbil  shells  belong  for  the  most  part  to  species  now  liv- 
ing in  the  same  district,  yet  some  few  of  them  are  extinct,  iis,  for  exuiu- 
ple,  a  species  of  Cyrena,  a  genus  no  longer  inhabitd!^  Europe,  and  cow 
entirely  restricted  to  warmer  latitudes. 

When  reasoning  on  sneh  phenomena,  the  reader  must  always  bear  in 
mind  tliat  the  fossil  individuals  belonged  to  tpeeUi  of  elephant,  rhinoce- 
ros, hippopotamus,  bear,  tiger,  and  hyaena,  distinct  from  those  which 
now  dwell  within  or  near  the  tropics.  Dr.  P'leming,  in  a  dbcussion  on 
this  subject,  has  well  remarked  that  a  near  resemblance  in  form  and  os- 
twlogical  structure  is  not  always  followed,  in  the  existing  creation,  by 
a  himilarity  of  geograpliical  distril)Ution  ;  and  we  must  therefore  be  on 
our  guard  against  deciding  too  confidently,  lium  mere  analo<ry  of  ana- 
tomical structure,  respecting  the  habits  and  physiological  peculiarities  of 
tpeeiet  now  no  more.  "The  Kbra  delighta  to  roam  over  the  tropical 
plains^  while  the  horse  can  maintain  its  existence  throughout  an  Ic^and 
winter.  The  bnffiilo,  like  the  xebra,  prefers  a  high  temperature,  and 
cannot  thrive  even  where  the  common  ox  prospers.  The  musk-ox,  on 
tha  other  hand,  though  nearly  resembling  the  buffido*  prefers  the  stinted 

•  Gt'ol.  Procet  flitigs.  Xo.  xxxvi.  June.  1884. 
f  riiiL  Milg.,  Sept.        iud  Jan.  18Sa 
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hmbagp  of  tlie  aralie  regm,  and  b  iib]«^  Ij  ite  periodied  migniliMMk 
to  oatlifB  a  northern  winter.  The  jaobd  (CiinM  aureus)  inlinbits  Africa* 

the  warmer  parts  of  Asia^  and  Greece  ;  while  the  isatis  [Canis  lagopus) 
Tvnide^  in  the  arctic  r^^irions.  The  African  hare  and  the  polar  hare  have 
their  2ceo!jrnphirnl  distribution  expressed  in  their  trivial  names;"*  and 
different  speoies  ot  bears  thrive  in  tropical,  temperate,  and  arctic  lati- 
tudes. 

Becent  investigations  have  placed  beyond  all  doubt  the  important  fact 
ihat  a  ipeeiea  of  tiger,  identioal  with  that  of  Bengal,  is  common  ia  tlie 
oe%hborhood  of  Lake  Aral,  near  Sauae,  in  the  forty-fiflh  degree  of 
north  latitade ;  and  from  time  to  time  thia  animal  is  now  teen  in8iberia» 

in  a  latitude  as  far  north  as  the  parallel  of  Berlin  and  Hamburgh.f 
Humboldt  remarks  thai  the  part  of  Southern  Aua  now  inhabited  hj  tUs 
Indian  species  of  iigi'r  is  separated  from  the  Himalaya  by  two  ^eat 
chains  of  mountains,  each  covered  with  perpetual  snow, — the  cliain  of 
Kuenlun.  lat.  35^  N.,  anji  that  of  Mouztafifh,  lat,  42°, — so  that  it  is  im- 
possible tliat  these  animals  should  merely  have  made  excursions  from 
India,  £o  as  to  have  penetrated  in  summer  to  the  forty -eighth  and  fifty^ 
third  degrees  of  north  latitude.  They  mast  remain  all  the  winter  north 
of  the  Ifooztagh,  or  Celestial  monntains.  The  last  tiger  hilled,  in  18SB, 
CQ  the  Lena»  in  lat  fi2|**,  was  in  a  climate  colder  than  that  of  Peters- 
burg and  Stockholm.J 

We  learn  from  Mr.  Hodgson^s  account  of  the  mammalia  of  Nepal, 
that  the  tii^er  h  sometimes  fnimf]  at  the  very  ednre  of  perp'^tn;)!  snow  in 
the  Him  ilava  and  Pennant  mentions  that  it  is  found  amoD'i  the  snows 
of  MouiiL  Ararat  in  Armenia.  The  jai^uar,  also,  h;is  been  seen  in  Amer- 
ica, wandeiiog  from  Mexico,  as  far  north  as  Kentucky,  lat.  37^  N.,Q  and 
even  as  far  as  42"  8.  in  South  America, — a  latitude  which  corresponds 
to  that  of  the  Pyrenees  in  the  northern  hemisphere.^  The  range  of  the 
poaaa  is  still  wider,  for  it  roams  from  the  eqnator  to  Uie  Straits  of  Magel- 
lan, being  often  seen  at  Port  Famine,  in  lat.  53''  38'  S. 

A  new  apecies  of  panther  {Feli*  irbU),  covered  with  long  hair,  hss 
been  discovered  in  Siberia,  evidently  inhabiting,  like  the  tiger,  a  region 
north  of  the  Celestial  Mountiuns,  which  are  in  lat.  42^.** 

The  two-homed  African  rhinoceros  occur*  without  the  tropics  at  the 
Cape  of  Oo<>d  Hope,  in  lai.  34^  29'  S.,  where  it  is  accompanied  by  the 
elephant,  hippopotamub,  and  hyaena.  Here  the  migration  of  all  these 
species  towuds  the  south  is  arrested  by  the  ocean  ;  but  if  the  continent 
had  been  prolonged  still  fBrdier,aad  the  bnd  had  been  of  moderate  de- 

9 

*  Fleming.  Ed.  New  Phil  Joam.,  Na  xii  p.  tB%  1819.  The  mht%  howerer, 
hdiabits  chieflj  the  extra- tropical  part«  of  Africa. 

j  Humboldt,  Fragmens  de  O^cdugie,  (fee,  tome  iL  p.  S88.  Khrcuberg,  Aim.  dea 
So.  Kat,  tome  xxi.  p.  387. 

i  Ehrenber^  ibid,  p  890.  8  Jooni.  of  Ada!  SoCk,  voL  i,  p  240. 

I  Rafioe«ane,  Atkntie  Joan,  n,  18l 

1  Darwin  0  Journal  of  TniTda  u  Soott  Am«l^^ri^  As, IBtS  to  19H,  in  VojSfS 
«f  k  Jf.  a  Beagle,  p  169, 
#•  Ehraobci^,  ibid. 
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vatioii,  it  is  ?ery  probable  that  they  might  have  blended  their  nuige  to 

a  greater  distance  from  the  tropics. 

Now,  if  the  Indian  ttqfer  can  rancfp  in  our  own  firnes  to  the  pontl^f^rn 
borders  of  Siberia,  or  skirt  the  snows  of  the  Hini  i]  : va,  and  if  tlit.'  puma 
can  reacii  the  fitty-tliird  dci^ree  of  klitude  iu  rSoulh  Ann'rica,  we  may 
easily  understand  how  Urge  species  of  t)ie  same  genera  may  once  ]iave 
hihaWted  our  temperate  climates.  The  mammoth  {B,  primigenitu),  al- 
ready alluded  to»  as  occurring  foasil  in  England,  was  decidedly  diflferont 
from  the  two  existing  speeies  of  elephants,  one  of  which  is  limited  to 
Asia,  south  of  the  31^  of  N.  lat,  the  other  to  Africa,  where  it  extends, 
as  before  stated,  as  far  south  aa  the  Cape  of  Good  Hope.  The  bones 
of  the  great  fossil  sppcios  are  very  widely  spread  over  Europe  and  North 
America;  but  are  n"',vhpre  in  such  profu«?ion  as  in  Siberia,  particularly 
near  the  shores  of  the  J:  roz*;n  Ocean.  Are  w  e,  tlien,  i  n  conclude  that  this 
animal  preferred  a  polar  climate  ?  If  so,  it  may  wt.  il  be  asked,  by  what 
food  was  it  bustuined,  and  why  does  it  not  slili  survive  near  the  arctic 

circle  ?• 

Pallas  and  other  writers  describe  the  booes  of  the  mammoth  as  abomid* 
ing  throughout  all  the  Lowlands  of  Siberia,  stretching  in  a  direction  west 
and  esst,  from  the  borders  of  Europe  to  the  extreme  point  nearest  Amer* 

ica,  and  south  and  north,  from  the  base  of  the  mountains  of  Central  Asia 
io  the  shores  of  the  Arctic  Sea.  (See  map,  fig.  1.)  Within  this  space, 
scarcely  infeiior  in  area  to  the  w  hole  of  Europe,  fossil  ivory  has  been 
collected  almost  everywhere,  on  the  banks  of  the  Irtish,  Obi,  Yene*;ei, 
I^na,  and  other  rivers.  The  elephantine  remains  do  n(jt  occur  in  the 
marshes  and  low  pluins,  but  where  the  banks  of  the  rivers  present  lofty 
precipices  of  sand  and  clay;  from  which  (»rcumstance  Pallas  very  justly 
inferrad  that,  if  sections  could  be  obtained,  similar  bones  might  be  found 
in  all  the  elcTaied  lands  intervening  between  the  great  rivers.  Strah]en> 
berg,  indeed,  bad  stated,  before  the  time  of  Pallas,  that  wherever  any  of 
the  great  rivers  overflowed  and  cut  out  fresh  channels  during  floods,  mora 
foesil  remains  of  the  same  kind  were  invariably  disclosed. 

As  to  the  position  of  the  bones,  I^allas  found  them  in  some  places  im- 
bedded together  with  marim.'  remains  ;  in  others,  feini ply  ^ith  fo>sll  wood, 
or  lic;nitc,  such  as,  he  savs,  mijiht  have  In^en  derived  from  carb«jnized 
peat.  On  the  banks"  rtf  tiio  Yenesei,  below  the  city  of  Krasnojarsk,  in 
lat.  56°,  he  observed  grinders,  and  bones  of  elephants,  in  strata  of  jel- 

•  The  Bpeculations  which  follow,  on  the  ancient  physical  gcoc^aphv  of  Siberia, 
and  iu  former  fitaew  as  a  residence  for  the  nuunmoth,  were  first  given  m  their 
fnreMDt  form  in  my  4th  editioo,  June,  1886.  Recently  Sir  R  MorcnisoD  and  Us 
companions  in  thtir  great  work  on  tlic  Geology  of  Russia,  1845  (vol.  i.  p.  497),  have, 
ia  citing  thie  chapter,  decUrcd  that  their  iovestigatiotis  have  led  them  to  similar 
eondmionc.  Professor  Owen,  in  hie  exoeHent  History  of  Britiah  Foestl  Mammalia, 
ISll.  p.  201,  tt  snj..  nh^crvcf^  tliut  thr  tc  fli  of  the  maninioth  diffi  r  fc  'ji  *ho!*f  of 
the  Uving  Asiatic  or  African  elephant  in  imv ing  a  larger  proportion  of  lieuisc  wnamei, 
which  may  have  ennUed  it  to  subsist  on  the  coarser  Ugneoas  tiwoea  of  trees  and 
thniha.  Id  short,  he  is  of  opinion,  that  tin-  xtnicture  of  it'<  teeth.  n»  well  as  ^he 
natnre  of  ite  epidermis  and  coverings,  may  have  made  it  "  a  meet  compamoD  for 
th*  rMndMnv* 
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hw  and  red  loam,  alternating  with  coarse  sand  and  grravel,  in  which  was 
■ko  much  petri(i».'d  wood  of  the  willow  and  other  trees.  Neither  here 
nor  m  the  neighboring  country  were  th^re  any  marine  shells,  but  merely 
%ers  of  black  coal.*  But  [grinders  of  the  mammoth  were  collected 
■Wch  farther  down  the  same  rivor,  m-ar  the  sea,  in  lat.  70°,  mixed  with 
petrifactions.!    Many  other  places  in  Siberia  are  cited  by  Pallas, 

*  Pallas,  R«Ue  in  Rusa.  Keicbe,  pp.  409,  410. 
f  Nor.  Com.  Petrop.  toL  xm  pi  6M. 
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where  aea  shells  and  fishes*  teeth  aecompany  the  bones  of  the  roammothr 
rhinoceros,  and  Sibeiian  buffalo,  or  bison  [Bos  priscus).  But  it  is  not 
on  the  Obi  nor  the  Yenesei,  but  on  the  Lena,  farther  to  the  east,  where, 
in  the  same  parallels  of  latitude,  the  cold  is  far  more  intense,  that  fossil 
remains  have  been  found  in  tlie  most  wonderful  state  of  preservation. 
In  1  772.  Pallas  obtained  from  Wiljuiskoi,  in  lat.  64'',  from  the  banks  of 
tbf  W  iljui,  a  tributary  of  tiie  Lena,  the  carcass  of  a  rhinocero>5  ( /?. 
tichorhinun),  taken  from  the  sand  in  which  it  must  have  remained  con- 
gealed for  ages,  the  soil  of  that  region  being  always  frozen  to  within  a 
slight  depth  of  the  surface.  This  carcass  was  compared  to  a  naturul 
mummy,  and  emitted  an  odor  like  putrid  flesh,  part  of  the  akio  beiog 
ptUl  covered  with  Uack  and  giay  hain.  So  great,  indeed,  was  the 
quantity  of  hair  on  the  foot  and  head  eooYeyed  to  St  Petenboig,  that 
Pallas  asked  whether  the  rhinoceros  of  the  Lena  might  not  have  been 
an  inhabitant  of  the  temperate  regions  of  middle  Asia,  its  ck>thing  being 
80  much  warmer  than  that  of  the  African  rhinoceros,^ 

Professor  Brandt,  of  St.  Petersbaig,  in  a  letter  to  Baron  Alex.  Yon 
Humboldt,  dated  1B46,  adds  the  foUowii^  particulars  respecting  this 
wonderful  fossil  relic  : — "  I  have  been  so  fortunate  a,s  to  extract  from 
cavities  in  the  molar  teeth  of  the  Wiljui  rhinoceros  a  small  (|ii;intity  of 
its  half-chewed  food,  among  which  fragments  of  pine  leavt-s,  (Hr-lialf  of 
the  seed  of  a  polygonaccous  plant,  and  very  minute  portions  of  wood 
with  porous  cells  (or  small  fragments  of  coniferous  wood),  were  still 
recognizable.  It  was  also  remarkable,  on  a  close  investigation  of  the 
head,  that  the  blood-vessels  discovered  in  the  interior  of  the  mass 
appeared  filled,  even  to  the  eapiUary  vessels,  with  a  brown  maas 
(coagulated  blood),  which  in  many  places  still  showed  the  red  color  of 
blood."t 

After  more  than  thirfy  yean,  the  entira  carcass  of  a  mammoth  (or 
eitinct  species  of  elephant)  was  obtained  in  1808,  by  Mr.  Adams,  ranch 
farther  to  the  north.  It  fell  from  a  mass  of  ice,  in  which  it  had  been 
encased,  on  the  banks  of  the  Lena,  in  lat.  70^ ;  and  so  perfectly  had  the 
soft  parts  of  the  carcass  been  preserved,  that  the  flesh,  as  it  lay,  was 
devoured  by  wolves  and  bears.  This  skeleton  i?;  still  in  the  museum  of 
8t.  Petersburg,  the  head  retaining  its  integument  and  many  of  the  liga- 
ments entire.  The  skin  of  the  animal  was  covered,  first,  with  black 
bristles,  thickiT  than  lior.se  iiair,  from  tw.'lve  to  sixteen  inches  iu  length  ; 
secondly,  with  hair  of  a  reddish  bruwa  Ciilor,  about  four  inches  long; 
and  lliirdiy,  with  wool  of  the  same  color  as  the  hair,  about  an  inch  in 
length.  Of  the  fur,  upwards  of  thirty  pounds*  weight  were  gathersd 
from  the  wet  sand-bank.  The  mdivklual  was  nine  feet  high  and  aiztesn 
feet  long,  without  reekoniog  the'  large  curved  tusks :  a  siie  nndy  sur- 
passed  by  the  hiigest  living  male  elephanta.t 

It  is  evident,  then,  that  the  mammoth,  instead  of  being  naked,  like  the 

•  Nor.  Com.  Petrop.  vol.  \'  ii  p  591. 

•f  Quart  Joura.  GeoL  Soc  Lond.  vol  iv.  p.  10,  Memoiri^  ^ 

X  Joomal  dtt  Ndid,  St.  Petertbuig^  1807. 
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liriDg  Indian  and  African  elephants,  was  enveloped  in  a  thick  shagg;^ 

covering  of  fur,  probably  ^  impenetnible  to  rain  and  roUl  as  that  of  the 
musk  ox.*  The  species  may  have  been  fitted  by  nature  to  withstand 
the  Ticiasitudes  of  a  northern  climate ;  and  it  is  certain  that,  frora  the 
mom'-nt  when  the  carcasses,  both  of  the  rhinoceros  and  elepliant,  above 
described,  were  buried  in  Siberia,  in  hititudes  (Mo  and  70°  N.,  the  soil 
must  hav  e  remained  frozen,  and  the  atmosphere  nearly  as  cold  as  at 
(his  day. 

Tlie  most  teoeat  diaooveries  made  in  1848  by  Ur.  Mtddendorf,  a  dis- 
tingvished  Roaaiaa  naturalist  and  which  he  commuiucated  to  ma  in 
SeptemW,  1846,  a&rd  more  precise  infonauitioa  aa  to  the  climate  of 
the  Siberian  lowlanda*  at  the  peiiod  when  the  extinct  qoadnipeda  were 
CQtorobed.  One  elephant  was  found  on  the  Tas»  between  the  Obi  and 
Teaeiet,  near  the  arctic  circle,  about  lat.  66°  30'  N.,  with  some  porta 
of  the  flesh  in  so  perfect  a  state  that  the  bulb  of  the  eye  b  now  pre- 
served in  the  museum  at  Moscow.  Another  carcass,  together  with  a 
jiinnrr  individual  of  the  same  species,  was  met  with  in  the  same  year, 
184  in  lat.  75*^  15'  N.,  near  the  river  Taimyr,  with  the  flesh  decayed. 
h  was  imbedded  in  strata  of  clay  and  sanft,  with  erratic  blocks,  at  about 
15  f'iet  above  the  level  of  the  sea.  lu  lUu  same  deposit  Mr.  Midden- 
dorf  obstT\ed  the  trunk  of  a  laich  tree  [Pinus  larii),  the  same  wood 
as  tbal  now  carried  down  in  abundance  by  tlie  Taimyr  to  the  Arctic 
8b8.  There  were  also  associated  fossil  shells  of  living  fujrOemapedes, 
and  winch  are  moreover  characteristic  of  the  drift  or  glacial  deposits  of 
Eoiope.  Among  these  Nueula  pggmaa,  Tdlina  caleareOt  Mya  trwieatin^ 
ud  ^HSdneava  rvgwa  were  conspicuoiis. 

So  ftesh  is  t)ve  ivoiy  throughout  northern  Russia,  that»  according  to 
THeauB*  thousands  of  fossil  tusks  have  been  collected  and  used  in  turn- 
log;  yet  others  are  still  procured  and  sold  in  great  plenty.  He  decloroa 
his  belief  that  the  bones  still  left  in  northern  Russia  must  greatly  exceed 
b  amaber  all  the  elephants  now  Uving  on  the  globs. 

*  Flemint;,  Ed.  New^hiL  Jonm,  Ho,  sdl  pi  SS6. 

Bl-Jioji  H(  Jx  r  informs  na  (Narr.  of  a  .Iourn»»r  throtigh  tbe  Upper  ProTinces  of 
Ldiii,  vul.  il  p.  IGO — 219),  that  in  tbe  lower  ruii^e  of  tiie  Himalaya  mouutaios, 
in  the  n(irthea:stern  borders  of  iho  Delhi  territory,  between  lat.  29°  and  30°,  he  asw 
«n  Truiian  t  it  {-liant  of  a  email  sire,  covorod  with  shaggy  hair.  But  this  variety  must 
bo exceediugly  rare;  for  Mr-  Royle  (late  superioteodcDt  of  tbe  Euiit  India  Com* 

E^y's  Botauic  Oarden  at  Saharunpore)  has  urared  mc,  that  being  in  Imiia  when 
cHor's  Journ  il  appi  nrf  d  and  li.-ivirit^  never  soen  or  lio.ird  nf  smdi  <-l>-phant9,  he 
nikde  the  etrictv^^  inquiries  respecting  the  Hact,  aod  was  never  able  to  obtain  an/ 
•vidcaee  in  ooRoboratkn.  Vs.  Royle  raided  at  Safaaronpora,  lat  80*  N.,  npoo 
l^exirm*'  northfrn  Ihniti  nf  tin-  r,\n<^i'-  of  the  eh'phant.  Mr.  E%'crf-t  il  i  dn- 
cbrei  that  be  has  been  equally  lUifiucceseful  in  fiodiiu;  any  one  aware  of  ilm  exiafc- 
m»tt  Midi  a  varietror  nreed  dt  the  aniiiial,  thoo^  one  toUtar;  individual  was 
«nei)tif.Dt  d  to  him  as  fiaviag  been  aeen  at  Delhi,  with  a  good  deal  of  long  hair  up- 
oa  It.  The  greatest  eleTatioo,  aaya  Mr.  K,  at  which  the  wild  elephant  U  foood 
hitlwiBMataiiii  to  tlw  nartli  of  mnifal,  is  at  a  |riaea  ealM  Kahnii,  aboat  4000 
feet  above  the  level  of  the  »ea,  and  in  the  Slst  det,'ree  of  X.  Lit.,  where  the  mean 
ywlj  temperature  may  bo  about  S4°  FahrenbeiV  and  the  difference  between 
vtear  uMi  mnniner  very  great,  equal  to  about  M*  F.,  tbe  mouth  of  Jaoaarf 
■Te^a^ri^'  45^,  and  June,  the  hottest  month,  81^  F.  ^TSreit  CB  ^flOatS  ol  Foia 
£leph,  Jooro.  of  JUiat  So<x,  Ifo.  36,  31.) 
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Wc  are  as  yet  ignorant  of  the  entire  geographical  range  of  the  mam« 
moth;  but  its  remains  have  bren  recently  collected  from  the  cliffs 
frozen  mud  and  ice  on  the  east  side  of  Bcbring's  Straits,  in  Esch- 
Bcholtz's  Bay,  in  Russian  America,  lat.  N.  As  the  cliffs  w^te 
away  by  the  thawing  of  the  ice,  tnsks  and  boiies  fall  out^  and  a  stroi^ 
odor  of  animal  matter  is  exhaled  from  the  mud.* 

On  considering  all  the  facts  above  enumerated,  it  seems  reasonable  to 
imagine  that  a  large  region  in  central  Asia,  including,  perhaps,  the 
aoathem  half  of  Siberia,  enjoyed,  at  no  very  remote  period  in  tho  earth's 
history,  a  temperate  dinuite,  ai^oiently  qrild  to  afford  food  (cr  nvmer- 
ous  herds  of  elephants  and  rhinoeeroees,  of  ftptdet  dutinet  from  thoee 
now'iivinff.  It  has  nsnally  been  taken  for  granted  that  herbivorous 
animals  of  large  sise  require  n  very  luxuriant  v^tation  for  thar  sap- 
port  ;  but  this  opinion  is,  according  to  Mr.  Darwin,  completely  errooe- 
0UB:^*'It  has  been  derived."  he  says,  "from  our  acquaintuice  with 
India  and  the  Indian  islands,  where  the  mind  has  been  accustomed  to 
associate  troops  of  elephants  with  noble  forests  and  impenetnihle  jun- 
gles. But  the  southern  parts  of  Africa,  from  the  tropic  of  Ca{)ricorn  to 
the  Cape  of  Good  Hope,  allhoujj^h  sterile  and  dt^sert,  are  remarkable  lor 
the  number  and  s^reat  bulk  of  tlie  indigenous  quadrupeds.  We  there 
meet  with  an  elephant,  five  species  of  rhinoceros,  a  hij/popotamus,  a 
giraffe,  the  bos  caller,  the  elan,  two  zebras,  the  quagga,  two  gnus,  and 
several  antelopes.  Kor  must  we  suppose,  that  while  the  species  are 
numerous,  the  individuals  of  each  kmd  are  few.  Br.  Andrew  Smith 
saw,  ra  one  day's  marsh,  in  lat  24°  S.,  without  wandering  to  any  great 
distance  on  either  side,  about  150  rlunoeeroses,  with  several  herds  of 
giraffes,  and  hb  party  had  lolled,  on  the  pierious  night,  «ght  hippopot* 
amuses.  Yet  the  country  which  they  inhabited  was  thinly  covered 
with  grass  and  bushes  about  four  feet  high,  and  still  more  thinly  with 
munosa-trees,  so  that  the  wagons  of  the  travellers  were  not  prevented 
from  proceeding  in  a  nearly  direct  line."f 

In  order  to  explain  how  so  many  animals  can  find  support  in  this  re- 
gion, it  is  suggested  that  the  undi  rwood,  of  which  their  food  chielly 
consists,  may  contain  much  nutrirnt  tit  in  a  small  bulk,  and  also  that  the 
vegetation  has  a  rapid  i^Mowth  ;  for  no  sooner  is  a  part  consumed  than 
its  place,  says  Dr.  Smith,  is  supj*ln  d  \)y  a  iresh  stock.  Nevertheless, 
after  making  every  allowance  for  this  successive  production  and  con- 
sumption, it  is  clear,  from  the  facts  above  cited,  thai  the  quantity  of 
food  required  by  the  larger  herbivora  is  much  leas  than  we  have  usiudly 
imagined.  Mr.  Darwin  conceives  that  the  amount  of  vegetation  sup- 
ported at  any  one  time  by  Great  Britain  may  eteeed,  in  a  ten-fold  ratio, 
the  quantity  extstiog  on  an  equal  area  in  the  interior  parts  of  Southern 
Africa.}  It  is  remarked,  moreover,  in  illustration  of  the  small  conoec- 

•  See  Dr.  Buckland's  description  of  these  bones,  Appen.  to  Beechy's  Voy. 
f  Darwin,  Journal  of  Travels  in  8.  America,  Ac,  Ib32-S6,  in  voyage  of  H.  M.  Sk 
B<?Bglf.  p.  98.    2d  Ed.  London,  1846,  p.  U. 

(  Dm  win,  Jourual  of  I^avela  in  S.  AmeriSs,  4a,  pu  99,  Sd  Ed.  p.  86. 
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tioa  diaeovemble  between  abundance  of  food  and  the  magnitude  of  in- 
iligenoiiB  maimnaKa',  tbait  wbile  in  tbe  desert  part  of  Siratiheni  Africa 
theie  are  ao  many  huge  aninvUs ;  in  Braal,  where  the  splendor  and  ex* 
nbetaoee  of  the  Tegetation  are  unrivalled^  there  is  not  a  single  wild 
qnadmped  of  large  sise  * 

It  would  doubtless  he  impossible  for  herds  of  mammoths  and  rhino^ 
eerosep  to  snbsisty  at  present  throughout  the  year,  even  in  the  southern 
ywrt  of  Siberia,  covered  as  it  is  with  snow  during  winter ;  but  there  is 
no  difficulty  in  supposing  a  vegetation  capable  of  nourishinor  these  great 
qoadrupeds  to  have  once  flourished  between  the  latitudes  40^  and 
60°  if. 

Dr.  Flcmini*  has  hinted,  that  "the  kind  of  food  which  the  existing 
species  of  elephant  prefers,  will  not  enable  us  to  determine,  or  even  to 
<tfer  a  probable  conjecture,  conceniing  that  of  the  extinct  species.  No 
one  acqoainted  with  the  gramineous  character  of  tbe  food  of  our  fallow- 
deer,  stag,  or  roe,  would  have  assigned  a  liehea  to  the  reindeer." 

Travellers  mention  that*  even  now,  when  the  climate  of  eastern  Asia 
is  10  much  eolder  than  the  same  parallela  of  latitude  farther  west,  there 
ue  woods  not  only  of  fir,  but  of  bireb,  poplar,  and  alder,  on  the  banks 
of  the  Lena,  as  itr  north  as  hititude  60^. 

It  has,  moreover,  been  suggested,  that  as,  in  our  own  times,  the 
Dorthem  animals  migrate,  bo  the  Siberian  elephant  and  rhinoceros  may 
have  wandered  towards  the  n^^rth  in  summer.  The  musk  oxen  annually 
desert  their  wmt'  i  quarter-  in  tlie  south,  and  cross  the  sea  upon  the  ice, 
to  ^raze  for  four  months,  from  May  to  September,  on  the  rich  pastur- 
age of  Melville  Island,  in  lat.  75°.  The  mammoths,  without  passing  so 
far  beyond  the  arctic  circle,  may  nevertheless  have  made  excursions, 
during  the  heat  of  a  brief  northern  summer,  from  the  central  or  temper- 
Me  parts  of  Asia  to  the  sixtieth  parallel  of  latitude. 

Now,  in  this  case,  the  preservation  of  their  bones,  or  even  occanon- 
sDy  of  theur  entire  carcasses,  in  ioe  or  frosen  soil,  may  be  acconnted  for, 
viiheut  resorting  to  specolationa  concenung  sadden  revolutions  hi  the 
former  state  and  dinuite  of  the  earth's  suifaee.  We  are  entitled  to  aa* 
smc,  that,  in  the  time  of  the  eztinct  elephant  and  rhinoceros,  the  JLow- 
kutdol  Siheria  was  less  extensive  towards  the  north  than  now  ;  for  we 
liSreseen  (p.  80)  that  the  strata  of  this  Lowland,  in  which  the  fossil 
bones  lie  buried,  were  originally  depmit^-d  beneath  the  sea;  and  wf 
know,  from  the  facts  brought  to  lii^ht  in  Wrangle's  Voyage,  in  the  yearn 
1«21.  1822,  and  1823,  that  a  !>low  upheaval  of  the  land  alongr  the  bor- 
ders of  the  Icy  Sea  is  now  constantly  taking  place,  similar  that  ex- 
perienced in  part  of  Sweden,  in  the  same  manner,  then,  as  the  shores 
of  tbe  Gulf  of  Bothnia  arc  extended,  not  only  by  the  influx  of  sediment 
brooght  down  by  rivers,  but  also  by  the  el^nition  and  consequent  dry- 
ing up  of  the  bed  of  the  sea,  so  a  like  combination  of  causes  may,  ia 
■odera  times,  huTe  been  eztendmg  the  low  tract  of  land  where  marine 
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•htUs  and  foBsil  bones  occur  in  Siberia.*  8uch  a  change  in  the  physt* 
cal  geogiaphj  of  that  tegkm,  Implymg  a  cooslaDt  angmentatioa  tn  the 
quantity  of  arctic  ]and»  would,  aceOFdiog  to  principles  to  be  explained 
in  the  next  chapter,  tend  to  increase  the  severity  of  the  winters.  We 
may  conclude,  therefore,  that,  before  the  land  reached  ao  (ar  to  the 
north,  the  temperature  of  the  Siberian  winter  and  summer  was  more 
nearly  equalized  ;  and  a  greater  degree  of  winter's  cold  may,  even  more 
than  ;i  i^cnenil  diminution  of  the  mean  annual  temperature,  have  finally 
conti  ibuted  to  the  e.\tcrmiaation  of  the  mammoth  and  its  cont*?mporaries. 

On  referring  to  the  map  (p.  79),  the  reader  will  see  how  all  tho 
gi»';it  rivers  of  Siberia  flow  at  present  from  south  to  north,  from  tem- 
perate to  arctic  regions,  and  they  are  all  liable,  Ukc  the  Mackenzie,  in 
North  America,  to  xenaHnble  floods,  in  conseqnence  of  flowing  in  this 
direction.  For  thejr  are  fitted  with  mnning  water  in  their  upper  or 
eonihem  conrse  when  completely  froien  orer  for  aeveial  hundred  miiea 
near  their  months,  where  they  temun  bkicked  up  by  ioe  for  sue  months 
in  every  y«ur.  The  descending  waters,  therefore,  finding  no  open  chan- 
nel, ruiUi  over  the  ioe,  often  changing  their  direction,  and  sweeping  along 
forests  and  prodigioas  quantities  of  soil  and  gravel  miied  with  ice. 
Now  the  rivers  of  Siberia  are  among  the  large«;t  in  the  world,  the 
Yenesei  having  a  course  of  2500,  the  Lena  of  2000  miles  ;  so  that  wc 
may  easily  conceive  that  the  bodies  of  animals  wliich  fall  into  their 
waters  may  be  transported  to  vast  distances  towards  the  Arctic  Sea, 
and,  before  arriving  there,  may  be  stranded  upon  and  often  fiozen  into 
thick  ice.  Afterwards,  when  the  ice  breaks  up,  they  may  be  floated 
still  farther  towards  the  ocean,  until  at  length  they  become  buried  in 
flttviatile  and  submarine  deposits  near  the  mouths  of  rivers. 

Humboldt  remarks  that  near  the  months  of  the  Lena  a  considerable 
thickness  of  froien  soil  may  he  found  at  all  seasons  at  the  depth  of  a 
few  feet ;  eo  that  if  a  carcass  be  once  imbedded  in  mud  and  ice  in  such 
a  region  and  in  such  a  climate,  its  putrefaction  may  be  arrested  for  in* 
definite  ages.f  According  to  Prof.  Von  Baer  of  St.  Petersbufg,  the 
ground  is  now  froaen  permanently  to  the  depth  of  400  feet,  at  the  town 
of  Yakutzt,  on  the  western  bank  of  the  Lena,  in  lat.  62°  N.,  600  miles 
distant  from  tlie  polar  sea.  Mr.  TT<Mlenstrom  tells  us  that,  throughout 
a  wide  area  in  Siberia,  the  boundary  clitfs  of  the  hikes  nnA  rivei-s  consist 
of  alternate  layers  of  earthv  Tiiaterials  and  ice,  in  hoii/oiital  stratifica- 
tion ;|  and  Mr.  Middendort  intoifned  us,  in  184»),  that,  in  his  tour  there 
three  years  before,  he  had  bored  in  Sib(>ria  to  the  dt  pth  of  seventy  feet, 
aud,  after  passing  through  much  frozen  boil  mixed  with  ice,  had  como 

*  Since  th«  above  passaeo  wm  firat  printed  in  a  former  editif>n,  June,  1886,  it 
has  been  shown  by  the  obflcrvations  of  Sir  R.  Murchtson,  M.  de  Vemeuil,  aod 
Gount  Keyserling,  md  more  recently  by  M.  Middendorf  (m«  above,  p.  81),  that 
the  liOWland  of  Siberia  has  actually  been  ttztaaded,  fince  the  tseiHing  tpeeiu  of 
•bells  inhabited  the  northern  seas. 

4  Humboldt,  Fragmens  Asiatiques,  torn,  ii  p.  998. 
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down  spOD  a  aoGd  matt  of  )Ntre  tnui^Mrent  ioa,  ibe  tluolmett  of  whieli, 
after  poetradng  two  or  three  jndB,  they  did  not  ascertain.  We  may 
eonceive,  therefore,  that  even  At  the  period  of  the  mammoth,  when  tha 
Lowland  of  Siberia  was  less  extensive  towards  the  north,  and  conse- 
quently the  climate  more  temperate  than  now,  the  cold  may  still  have 
been  sufficiently  intense  to  cause  the  rivers  flowing  in  their  present 
direction  to  sweep  down  from  south  to  north  the  bodies  of  drowned 
animals,  and  there  buiT  them  in  drift  ice  and  frozen  mud. 

If  it  be  true  that  the  carcass  of  the  mammoth  was  imbedded  in  pure 
ice,  there  are  two  ways  in  which  it  may  have  been  frozen. in.  We  may 
nppose  the  animal  to  have  been  overwhelmed  by  draft  snow.  I  hava 
been  inlbniied  by  Dr.  Riofaardson,  that,  in  the  nortbeni  parts  of  Amer* 
iea,  eomprisbg  regions  now  inhabited  by  m»j  berbivorons  quadro- 
pedi,  the  drift  snow  is  often  eonverted  into  permanent  glaciers.  It  ia 
Nnoiooly  blown  over  the  edges  of  steep  clifiy  so  as  to  form  an  mcline4 
talus  hundreds  of  feet  high ;  and  when  a  thaw  commences,  torrents 
nsh  from  the  land,  and  throw  down  from  tlie  top  of  the  cliff  alluvial 
soil  and  gravel.  This  new  soil  soon  becomes  covered  with  v^etation, 
and  protects  the  foundation  of  snow  from  the  rays  of  the  sun.  Water 
occasionally  penetrates  into  the  crevices  and  pores  of  the  snow  ;  but, 
as  it  soon  freezes  again,  it  serves  the  more  rapidly  to  consolidate  the 
mass  into  a  compact  iceberg.  It  may  sometimes  liappen  that  cattle 
grazing  in  a  valley  at  the  base  of  such  cliffs,  on  the  borders  of  a  sea  or 
river,  may  be  overwhelmed,  and  at  length  inclosed  in  solid  ice,  and 
then  transported  towards  the  polar  regions.  Or  a  herd  of  mammoths 
ictoning  from  tbeir  summer  pastmns  in  ibe  north,  may  have  been  snr- 
prised,  while  crossing  a  stream,  by  the  sndden  congelation  of  the  waters 
The  miaaiooary  Hoc  relates,  m  his  tiaveb  in  Thibet  in  1846,  that,  afler 
nny  of  lus  party  had  been  frosen  to  deatii,  they  pitched  their  tenta 
OS  the  banks  of  the  Moaroai-Onsson  (which  lower  down  becomes  the 
famous  Blue  River),  and  saw  from  their  encampment  "some  black 
^apeless  obje(^  ranged  in  file  across  the  stream.  As  they  advanced 
nenrer  no  change  either  in  form  or  distinctness  was  apparent ;  nor  was 
it  till  they  were  quite  close,  that  they  recorrnized  in  them  a  troop  of  the 
wild  oxen,  called  Yak  by  the  Thibetans.*  There  were  more  than  fifty 
of  ihcm  incrusted  in  the  ice.  No  doubt  they  had  trl(  d  to  swim  across 
at  the  moment  of  congelation,  and  had  been  unable  to  disengage  them- 
selves. Their  beautiful  heads,  surmounted  by  huge  horns,  were  still 
above  the  surface,  but  their  bodies  w^e  held  fast  in  the  ice,  which  was 
le  ttansparent  thai  the  position  of  the  unpmdent  beasts  was  easily  dia> 
tiogaiahable ;  they  looked  as  if  still  swimming,  but  the  eagles  and 
maoi  had  pecked  ont*  tbeir  eye8."f 

The  foregoing  uivestigations,  therefore,  lead  na  to  mfer  thai  the  mam- 
BOth,  and  some  other  extract  qoadmpeds  fitted  to  live  in  high  latitudes, 

^Omjectared  to  be  the  wild  Block  of  Bos  granoiens. 

f  Recollections  of  a  Journey  tiiroi^{h1WtSfy,T1ube^sad  Ohlas(dbZV.piSM]^ 
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mm  inliabiftaiits  of  Northern  Asia  at  a  lime  when  tbe  geographieai 

conditions  and  climate  of  that  continent  were  different  from  the  present. 
But  the  asjc  of  this  faunn  was  comparatively  modorn  in  the  earth's  his- 
tory It  appears  that  ivin  n  the  oldest  or  eocene  ter'iarv  deposits  were 
formed,  a  warm  temperature  pervaded  tlie  European  seas  and  lands. 
Shells  of  the  genus  Nautilus  and  other  forms  eharacteristic  of  tropical 
liitiLudcii ;  fosbil  reptiles,  isucli  as  the  crocodile,  turtle,  and  tortoise ; 
plants,  such  as  palms,  some  of  them  allied  to  the  cocoa-nut,  the  8crew> 
pine,  the  cnstanl-apple,  and  the  aefteia,  all  lead  to  tbie  coDdoaioD;  This 
iknm  and  &uiui  were  followed  hj  those  of  the  miooene  fonnatioo,  m 
which  mdieationa  4)f  a  aoothern,  hat  less  tropical  dimate  are  detected. 
Fmally,  the  plioeeDe  depodta»  which  come  neit  in  sneoeaiioa,  exhibit 
in  their  organio  rematitt  a  much  nearer  approach  to  the  state  of  tluogs 
now  prevailing  in  conresponding  latitudes.  It  was  towards  the  close  cl 
tUs  period  that  the  seas  of  the  northern  hemisphere  became  mom  and 
more  filled  with  floating  icebergs  often  charged  with  erratic  blocks,  so 
that  the  waters  and  the  atmosphere  were  chilled  by  the  molting'  ice,  and 
an  arctic  fauna  enabled,  for  a  time,  to  invade  the  temperate  latitudes 
both  of  N.  America  and  Europe.  The  extinction  of  a  considerable 
number  of  land  quadrupeds  and  aquatic  mollusca  was  gradually  brought 
about  by  tlie  increasing  severity  of  the  cold ;  but  many  species  survived 
tlut»  revolution  in  dimate,  either  by  their  capacity  of  living  under  a  va- 
riety of  eooditions,  or  by  migrating  for  a  time  to  more  southern  lands 
and  seas.  At  length,  bj  modificationa  in  the  physical  geography  of  the 
northern  regions,  and  the  cessation  of  floating  Ice  on  the  eastern  side  ol 
the  Atlantic,  the  cold  waa  moderated,  and  a  milder  climate  ensoedt 
each  aa  we  now  enjoy  in  Europe.* 

ProofM  from  fittiU  in  tecondary  and  sUU  older  strata. — A  great  in- 
terval  of  time  appears  to  have  elapsed  between  the  formation  of  the 
secondary  strata,  which  constitute  the  principal  portion  of  the  derated 
land  in  Eumpp,  and  the  origin  of  the  eocene  deposits.  If  we  examine 
the  rocks  ti mi  ti  p  rhalk  to  the  new  red  sandstone  inclusive,  we  find 
many  distinct  ii-s-scmbhiges  of  fossils  entombed  in  them,  all  of  unknown 
species,  and  many  of  them  referable  to  genera  and  families  now  most 
abundant  between  the  tropics.  Among  the  mo.st  remarkable  are  rep- 
tiles of  gigantic  size ;  some  of  them  herbivorous,  othei-s  carnivorous, 
and  far  exceeding  in  siae  any  now  known  even  in  the  torrid  zone.  The 
genera  are  for  the  moat  part  extinct^  hnt  some  of  them,  aa  the  orooo* 
dile  «nd  monitor,  have  atill  lepreaeatatiYea  m  the  warmer  parts  of  the 
earth.  Coral  reeb  alao  were  endentt^  nnmerona  in  the  seaa  of  the 
same  periods,  composed  of  jpeeiea  often  belonging  to  genera  now  char* 
aeteriatic  of  a  tropical  climate.  The  nvmher  of  huge  chambered  diella 

•  For  nn  ?fc<nint  of  the  raoro  mof^rrn  chang^o.'^  f>f  fho  (ertinrr  fauna  nnd  fl'>ra  -if 
tbfi  British  lilies  and  adjoiniDg  countrieK,  and  particularly  tixom  fact*  which  relate 
to  iSm  "gliidal  •nodi,''  tM  an  adiiiiniUe  Moay  by  Praf.  Forbei.  MMnoin  cf 
Qm].  Stirvoy  of  Gren'  Brit.  vol.  i.  p.  336.  London,  184A.  To  tUs  importaDt  nt* 
aaoir  I  ahaU  havo  fruquent  occaaioo  to  reler  in  the  oeqaeL 
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also,  including  the  nautilus,  leads  us  to  infer  an  elevated  temperature ; 
and  the  associated  fossil  plants,  although  imperfectly  known,  tend  to 
the  same  conclusion,  the  Cycadeac  constituting  the  most  numerous 
family. 

But  it  is  from  the  more  ancient  coal-deposits  that  the  most  extraordi* 
nary  evidence  has  been  supplied  in  proof  of  the  former  existence  of  a 
very  diflferent  climate — a  climate  which  seems  to  have  been  moist,  warm, 
and  extrenaely  uniform,  in  those  very  latitudes  which  are  now  the  colder, 
and  in  regard  to  temperature,  the  most  variable  regions  of  the  globe. 
We  learn  from  the  researches  of  Adolphe  Brongniart,  Gocppert,  and 
other  botanists,  that  in  the  flora  of  the  carboniferous  era  there  was  a 
great  predominance  of  ferns,  some  of  which  were  arborer/^nt ;  as,  for 
example,  Caulopteris,  Protopteris,  and  Psarronius ;  nor  can  this  be  ac- 
counted for,  as  some  have  supposed,  by  the  greater  power  which  ferns 
possess  of  resisting  maceration  in  water.*  This  prevalence  of  ferns  in- 
dicates a  moist,  equable,  and  temperate  climate,  and  the  absence  of  any 
severe^old ;  for  such  are  the  conditions  which,  at  the  present  day,  are 
found  to  be  most  favorable  to  that  tribe  of  plants.  It  is  only  in  the 
islands  of  the  tropical  oceans,  and  of  the  southern  temperate  zone,  such 
as  Norfolk  Island,  Otaheite,  the  Sandwich  Islands,  Tristan  d'Acunha,  and 
New  Zealand,  that  we  find  any  near  approach  to  that  remarkable  pre- 
ponderance of  ferns  which  is  characteristic  of  the  Carboniferous  flora, 
ll  has  been  observed  that  tree  ferns  and  other  forms  of  vecretation  which 
flourished  most  luxuriantly  within  the  tropics,  extend  to  a  much  greater 
distance  from  the  equator  in  the  southern  hemisphere  than  in  the  nor- 
thern, being  found  even  as  far  as  46**  S.  latitude  in  New  Zealand. 
There  is  little  doubt  that  this  is  owing  to  the  more  uniform  and  moist 
climate  occasioned  by  the  greater  proportional  area  of  sea.  Next  to 
ferns  and  pines,  the  most  abundant  vegetable  forms  in  the  coal  formation 
are  the  Calamites,  Lepidodendra,  Sigillariae,  and  StigmariaE.  These 
were  formerly  considered  to  be  so  closely  allied  to  tropical  genera,  and 
to  be  so  much  greater  in  size  than  the  corresponding  tribes  now  inhabit- 
ing equatorial  latitudes,  that  they  were  thought  to  imply  an  extremely 
hot,  as  well  as  humid  and  equable  climate.  But  recent  discoveries  re- 
specting the  structure  and  relations  of  these  fossil  plants,  have  shown 
that  they  deviated  so  widely  from  all  existing  types  in  the  vegetable 
world,  that  we  have  more  reason  to  infer  from  this  evidence  a  widely 
different  climate  in  the  Carboniferous  era,  as  compared  to  that  now  pre- 
vailing, than  a  temperature  extremely  elevated. f    Palms,  if  not  entirely 

•  See  a  paper  by  Charles  J.  F.  Buubury,  Esq,  Journ.  of  OeoL  Soc,  London, 
Na6.  p.  88.  18f6. 

f  The  Calamites  were  formerly  reffarded  by  Adolphe  BrotK^niart  an  belonging 
to  the  tribe  of  Eqiii«etaccse ;  but  he  is  now  inclined  to  refer  them  to  the  clan*  of 
f!}'mno2;en»,  or  ^'mnoapermous  exo^ens,  which  includes  the  Conifers  and  Cyca- 
dee.  l^epidodendron  appears  to  have  been  either  a  gigantic  ft»rm  of  the  lycopo- 
diam  tribe,  or,  as  Dr.  Lindley  thinks,  intennediate  between  the  lycopodia  and  the 
fir  tribe.  Tlie  SijfiIIari»  were  formerly  supposed  by  Ad.  lironj^iiart,  to  be  arbo- 
teaccDt  ferns  -,  but  the  discovery  of  their  iutcroal  structure,  and  of  their  leaves,  hM* 
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wanting  when  the  strata  of  the  carboniferous  jnrroup  worn  deposited,  ap- 
pear to  have  been  exceedinj^ly  rare.*  The  Conifera?,  on  the  other  hand, 
so  nbundanlly  met  with  in  the  coal,  resemble  Araucariae  in  structure,  a 
1  irmly  of  the  fir  tribe,  characteri.stic  at  present  of  tiie  milder  re^ons  ot 
the  southern  hemkphere,  such  as  Chili,  Brazil,  New  Holland,  and  Nor- 
folk Island. 

"  In  regard  to  the  geographical  extent  of  the  ancient  vegetation,  it  , 
was  not  ecnfined/'  says  M.  Broogniait. "  to  a  tmall  spa«e,  as  to  Europe, 
for  eiample ;  for  tfaa  same  forms  are  met  with  agun  at  great  distaaees. 
Thus,  the  ooal-plants  of  North  America  are,  for  the  most  part»  identical 
with  those  of  Europe,  and  all  helong  to  the  same  genem.  Some  speci- 
mens, also,  from  Qreenlaiid»  are  refemble  to  ferns,  analc^ous  to  tliose 
of  our  Karopeaa  coal-mines."f  The  fossil  plants  brought  from  Melville 
Island,  although  in  a  verj  impeifect  state,  have  been  supposed  to  war- 
rant similar  conclusions  ;f  and  ncsuming  that  they  f^ree  with  those  of 
Baffin's  Bay,  mentioned  by  M.  Broni^^niart,  how  shall  we  explain  the 
manner  in  which  such  a  vegetation  lived  through  an  arctic  night seve- 
ral months'  duration  ?§ 

It  may  seem  premature  to  discuss  this  question  until  the  true  nature 
of  the  fossil  flora  of  the  arctic  re^ons  has  been  more  aceuraiely  deter- 
mined ;  yet,  as  the  question  has  attracted  some  attention,  let  us  assume 
for  a  moment  that  the  coal-plants  of  Melville  Island  are  strictly  analo- 
gous to  those  of  the  strata  of  Northumberland — ^would  such  a  fact  pre- 
sent aa  inexplicable  enigma  to  the  vegetable  physiologist  ? 

Plants,  it  ia  affirmed,  cannot  remain  in  darkness,  even  for  a  week, 

•ince  proved  that  they  have  no  retl  affinity  to  f.  rn^.  According  to  the  view  now 
taken  of  their  structure,  tl>eir  nearest  allie<i  in  the  recent  worl<i  an-  the  genera 
Cycas  and  Zamia;  while  Oorda,  on  the  oiIdt  li:in<l,  maintaiaa  that  they  wero 
eloscly  related  to  the  suoeulent  cnphorbias.  .sti^'maria  is  now  geDeralhr  somitted 
to  havt«  merely  tho  root  f>f  Mii,'illiiri:i.    'Dip  acalariform  vessel*  of  thc«o  two 

(ifenera  are  uoi  conclusive  in  proving  them  to  huve  a  real  affinity  with  feros,  as 
Mr.  Brown  has  discovered  the  same  structure  of  veamala  in  MyBudendron,  a  pMim 
alliftl  to  til*'  mistletoe;  and  Corda  has  lately  )«lio\vti  that  in  twit  (<p(oit's  of  Stif;- 
nuu'ia,  hardly  distiiu^uiahable  by  external  cbaractera,  the  vessels  of  the  one  are 
■cakrifiMnn.  and  of  tune  other  doited 

♦  Mr.  Lindloy  cnrlcnvnred  formerly  (If'.li)  to  «how,  in  the  "  Fo'^sil  Flora,"  that 
Trigonocarpum  Nocggerathii,  a  fruit  found  in  the  coal  measures,  has  the  true 
ttnietnre  or  »  |»lm-irait ;  hot  Ad  Brangniarfc  has  sinee  inclined  to  regard  it  as 
cycadeous ;  nor  is  tin-  French  botanist  satisfied  that  s<iiae  i»f>ccimenfi  <tf  ^lIppo9ed 
palm  wood  from  the  coal-mines  of  Kadnitx  iu  Bubemia,  described  by  Curda,  really 
beloojB:  to  palnM.  On  tbe  other  hand,  Corda  has  proved  Fbibellaria  bonusifolift  of 
Stt^niix  ri,'  to  he  an  cxoLffnous  plant,  and  Brongniart  contends  that  it  was  allied  to 
Hie  Cycaduoi.   See  Tableau  dus  Genres  de  V6g^Uuz  Foesileai   Poris^  1849. 

f  Prodrome  d'one  Hfet  des  V^g.  t,  Fo»».  p.         See  also  a  late  paper,  Quart. 
Jonrn.  of  Geol.  S(x:.  T>»n<lon,  1846.  in  which  coai-pliints  of  Alabama,  lat.  33° 
collected  by  the  author,  are  identified  by  Mr.  Banbury  with  Britiih  foaiil  vpeciea, 
■bowing  the  great  soatheni  eztemiion  of  this  i)ora. 

X  K6ni^.  Journ.  of  Sci.,  vol.  xv.  p.  20.  Mr,  K6nig  informs  mo  that  he  no  longer 
believes  any  of  these  fossiU  to  be  tree  ferns,  as  he  at  first  stilted,  but  that  they 
agree  generioUly  with  plants  in  our  English  coal-beds.  The  Melville  Island  spe- 
cimens, now  in  the  British  Musennit  sr^        obscure  impressious. 

§  Foaail  flora  of  Qreai  firitsm.  hj  John  Lindley  and  William  Huttvv  EM^ra, 
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vkliOTtserioiiB  tnjniy,  unleas  m  a  torpid  state ;  and  if  eipoaad  (o  betl 
aod  moiitiire  they  cannot  remain  torpid^  hai  wjJl  grow,  and  most  tliore- 
Icfe  ftnk,  If,  then»  in  tbe  latitude  of  Melville  Idand,  75^  ¥^  a  bigb 
temperature,  and  eonseqnani  humidity,  prevailed  at  that  period  whec 
we  know  the  aretic  seas  were  filled  with  corals  and  large  multilocular 
s}u  ll>,  how  could  plants  of  tropical  forms  have  flourished  ?  Is  not  the 
bn\;lit  light  of  equatorial  regions  as  indispensable  a  oonditlon  of  their 
W'-'ll-bcing  as  the  sultry  heat  of  the  same  countries  ?  and  how  could 
ibey  aiiimlly  endure  a  night  prolonged  for  three  months?* 

Now,  in  reply  to  ihh  objection,  we  must  bear  in  mind,  in  the  first 
place,  liiat,  so  far  a&  experiments  have  been  made,  there  is  every  reason 
to  conclude,  that  the  range  of  intensity  of  light  to  which  living  plants 
can  aeeommodate  tStemaelves  is  for  wider  than  that  el  heal-  No  palms 
fir  tree  fens  can  Uve  in  cor  temparate  bititodes  without  proteetkm  from 
the  cold ;  but  when  placed  in  bot-honsea  thej  grow  Itmriantljrp  even 
ttoder  a  cloodj  sky,  and  where  maoh  light  is  intercepted  by  the  giass 
ted  fraiy-worlc.  At  St.  Petersburg,  in  lat.  60°  K.,  these  planta  have 
been  succeflsfiUly  cultivated  in  hot-houses,  although  there  they  must  ex- 
change the  perpetual  equinox  of  their  naUve  regions,  for  days  and  nights 
which  are  alternately  protracted  to  nineteen  hours  and  shortened  to 
five.  How  much  farther  towards  the  pole  they  might  continue  to  live, 
provided  a  due  quantity  of  heat  and  moisture  were  supplied,  has  not 
yH  been  determined  ;  but  St.  Petersburg  is  probably  not  the  utmost 
limit,  and  we  should  expect  that  in  lat.  65^  at  least,  where  they  would 
never  remain  twenty-four  houni  without  enjoying  the  sun's  light,  they 
is^ht  still  exist. 

It  should  also  be  borne  la  inhid,  in  regard  to  tree  fems»  that  they 
grow  in  the  gloomiest  and  darkest  parts  of  the  forests  of  warm  and 
temperate  regions^  even  extending  to  nem*ly  the  40th  degree  of  south 
htitode  in  Kew  Zealand.  In  equatorial  oountrie8»  says  Humboldt,  they 
abound  chiefly  in  the  temperate,  humid,  and  shady  parts  of  mountains. 
As  we  know,  therefore,  th/it  elevation  often  compensates  for  the  eflfeet 
of  latitude  in  the  geographical  distribution  of  plants*  we  may  easily  un- 
derstand that  a  class  of  vegetables,  which  grows  at  a  certain  height  in 
torrid  zone,  would  floini-h  on  the  plains  at  grr^iU-r  distances  from 
the  equator,  if  the  temperature,  moi«ture,  and  other  necessary  coadi* 
tions,  were  equally  uniform  throughout  the  year. 

Nor  must  we  forget  that  in  all  the  examples  above  alluded  to,  we 
have  been  speaking  of  living  species  ;  but  the  coal-plants  were  of  per- 
fectly distinct  species,  nay,  few  of  them  except  the  ferns  and  pines  can 
be  rsfenred  to  genera  or  even  families  of  the  existing  vegetable  luogdom. 
HaviDg  a  strueture,  therefore,  and  often  a  form  which  appears  to  Um 
hotsnist  so  anomalonSy  they  may  also  have  been  endowed  with  a  differ* 

*  • 

^  *Toml  ir  lura  of  Great  Britoiu,  by  Juiin  Luidlej  and  Wiiiiaxn  iluttoo,  £$qrt 
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ai  eosstitntioD,  enabling  them  to  bear  a  greater  variation  of  circum* 
ftaiKWHi  in  regard  to  light.    We  find  that  particular  species  of  plants 

and  tree  ferns  require  at  pro^^nt  difiVrent  degrees  of  heat  ;  and  that 
some  spc^if^s  can  thrive  onl}  iti  ilu'  immediati^  neifrhborliood  of  the 
equator,  (lUiers  only  a  distiince  from  it.  In  the  same  manner  ihv  inuti' 
mum  ot  iiiiht,  sufficient  for  the  now  existing  species,  cannot  be  Uikeri 
t&  the  standard  for  all  analogous  tribes  that  may  ever  have  tiourisbed 
on  the  globe. 

But  granting  that  the  extreme  northern  point  to  wliich  a  flora  like 
that  of  the  CariKniferoiui  em-eonld  evw  leaeb,  may  be  somewliere  be* 
tween  the  latitudes  of  65*  and  we  should  still  have  to  inquire 
whether  the  vcgetahle  remains  might  not  have  been  drifted  from  thence^ 
bj  rivers  and  enrrents,  to  the  parallel  of  Melville  Island,  or  still  farther. 
In  the  northern  hemisphere,  at  present,  we  see  that  the  materials  for 
future  beds  of  lignite  and  coal  are  becoming  amassed  in  high  latitudes* 
far  from  the  districts  where  the  forests  grew,  and  on  shores  where 
scarcely  a  stunted  slirub  can  now  exist.  The  Mackenzie,  and  other 
rivers  of  North  America,  carry  pines  with  their  roots  attach' d  ^)r  many 
hundred  niiies  towards  the  north,  into  the  Arctic  Sea,  where  tliey  are 
imbedded  in  deltas,  and  some  of  them  drifted  still  farther  by  currents 
towards  the  pole. 

Before  we  can  decide  ou  this  question  of  transportation,  we  must 
know  whether  thefbssQ  tea]>p1ants  oeenrring  in  high  latitudes  bear  the 
mariu  of  friction  and  of  having  decayed  previously  to  fosnlisation. 
Many  appearaneca  in  our  Engli^  coal-fields  certainly  prove  that  the 
plants  were  not  floated  from  great  distances ;  for  the  outline  of  the 
stems  of  succulent  species  preserve  their  sharp  angles,  and  others  hsTe 
th^  surfiUM  marked  with  the  most  delicate  lines  arni  streaks.  Long 
leaves,  also,  are  attached  ia  many  instances  to  the  trunks  or  branches 
and  leaves,  we  know,  in  general,  are  soon  destroyed  when  steeped  in 
water,  although  ferns  will  retain  their  forms  after  an  immersion  of  many 
months. It  seems  fair  to  presume,  that  most  of  the  coal-plaiit*  !jrew 
upon  the  same  land  which  supplifd  materials  for  tlie  sandstones  and 
conglomerates  of  the  strata  in  which  they  arc  imbedded.  The  coarse- 
ness ot  liie  particles  of  many  of  these  rocks  att'-st.s  that  they  were  nOt 
borne  from  very  remote  localities,  and  that  there  was  land  therefore  in 
the  vicinity  wasting  away  by  the  action  of  moving  waters.  The  pro* 
gress  also  of  modern  discovery  baa  led  to  the  very  general  admission  of 
the  doctrine  that  beds  of  ooal  have  for  the  most  part  been  formed  of  • 
ike  reaaams  of  trees  and  plants  that  grew  on  the  spot  where  the  coal 
now  erista;  the  land  having  been  auccesrively  submerged,  so  that  a 
covering  of  mud  and  sand  was  deposited  upon  accumuUtions  of 
vegetable  mater.  That  such  has  been  the  origin  of  some  coal- 
aeama  is  proved  by  the  upright  position  of  fossil  trees,  both,  in 

•  Fossil  Flora,  Na  X. 

t  This  has  been  proved  by  Mr.  Undky's  e^arinisat^  ibid.  Ka  Xm 
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Svope  and  Amova,  in  wUoh  tbe  roote  iermiiiflEta  dowawwdt  in  beds 

of  coal.* 

ToKtum,  therefore,  from  thb  digression, — the  flora  of  tbe  «»!  ap- 
pears to  indicate  a  uniform  and  mild  temperature  in  the  air,  while  the 
fossils  of  the  contemporaneous  mountiin-litncstono,  coraprismf^  abundance 
of  lamelliferous  corals,  large  chambered  cephalopods,  and  crinoidea, 
naturally  "lead  us  to  infer  a  considerable  warmth  in  tiie  watei-s  of  the 
northern  sea  of  the  Carboniferous  period.  So  also  in  regard  to  strata 
older  than  the  coal,  they  contain  ia  high  northern  latitudes  mountain 
masses  of  corals  which  must  have'livcd  and  grown  on  the  spot,  and  large 
dwmbered  univalves,  such  as  Orthocerota  and  Kautilus,  idl  seeming  to 
indicate,  even  in  ragionn  bordering  on  the  arctic  drd^  the  former  piwr* 
alen«e  of  a  (emperatnre  more  eimted  than  that  noir  prevailing. 

T%e  warmth  and  hnmidity  of  the  air,  and  the  imifonnily  of  clunate, 
both  in  the  diiferent  seaaons  of  the  year,  and  in  diffiuent  latitudes,  ap- 
peals to  hsve  been  most  remarkable  when  some  of  the  oldest  of  the  foe- 
«fif6iO!i|  strata  were  formed.  The  approximataon  to  a  climate  similar  to 
that  now  enjoyed  in  these  latitudes  does  not  commence  till  the  era  of  the 
formations  termed  tertiary ;  and  while  the  different  tertiary  rocks  were 
deposited  in  succession,  from  the  eocene  to  the  pliocenp,  thp  temperature 
seems  to  have  been  lowered,  and  to  have  continued  to  diininisli  even  after 
the  appearance  upon  the  earth  of  a  considerable  number  of  the  existing 
species,  the  cold  rtaching  its  maximum  of  intensity  in  European  latitudes 
during  the  glacial  epoch,  or  the  epoch  luiuiediatcly  uatecf  dent  to  that  in 
which  all  the  species  now  ccatemporary  with  man  were  in  being. 

*  I  bare  treated  of  this  pnhject  in  my  Manual  of  Ocolo^,  and  still  moro  fully 
m  my  Travels  in  N.  America,  toL  ii.  p.  178.  For  a  full  account  of  the  fact«  at 
present  fcnown,  and  tbe  theories  entertained  by  the  meet  emieent  geolo^ste  and 
D-jtarjists  an  this  subject,  fee  Mr.  Horner'i*  Anniversary  Addrc.Hs  to  tlu;  Gt-ulogical 
Society  of  Luodon,  February,  1846.  CoosuLt  also  Sir  H.  de  la  Becbc,  on  tbe  for* 
.  mttioaofraelttinSoBthlVUe^MenMinaCGedLSttrvtiy  of  Q 
^llelNL 


92 


OAUBBS  OF  OHANOS  OF  GLDUIB. 


CHAPTER  Vil.  • 

f  ARTBBR  EXAMtHATION  OF  THE  QUSSnON  AB  TO  THB  A88I7MKD  DISOOBD- 
ANOI  OF  TBB  AVOIKlIf  AND  MODBBH  010818  OF  OBAVOK. 

Oil  tbe  causes  of  vidltttadei  in  dimate— Remarin  on  the  present  diffusion  of  heat 
ov«^r  ♦^o  fjlobc — On  thf»  d.-ncndprrro  of  the  meun  temperature  on  the  relatire 
position  of  land  and  sea — ibothermal  Liqcs — Currenta  from  equatorial  rt^ona^ 
Drifting  of  ioeborg*  Diflhwot  tompentare  of  IForUMra  and  Sootfaom  homi- 
•pharea— CamfaiiMtioa  of  cantoa  whidi  might  prodatw  the  eztronM  oold  of  vhidi 
the  earth'8  surface  h  Bti^icoptiblc — Conditions  ncr.es'^^irj  fur  the  pcodvietaoo  of 
the  extreme  of  beat,  and  its  probable  eilecta  on  o{]ganio  life. 

Causes  of  Vicissitudes  in  Climate.* — Ab  the  proofs  enimerated  in  the 
Iftst  ehapto*  indicate  that  tibe  earth's  enrfaee  has  eiperienced  great  changes 
of  climato  ttnce  the  deposition  of  the  older  sedimentary  Btnita»  we  have 
next  to  inquire  how  sueh  vicissitudes  can  he  reconciled  with  the  existing 
order  of  nature.  The  cosmogomst  has  availed  himself  of  this,  as  of  every 
obscure  problem  in  geology,  to  confirm  h)^  views  concerning  a  period 
when  the  planet  was  in  a  nascent  or  half-formed  state,  or  when  the  laws 
of  the  animate  and  inanimate  world  differed  essentiaUy'from  those  now 
established  ;  and  lie  has  in  this,  as  in  many  other  cases,  succeeded  so  far, 
as  to  divert  attention  from  that  class  of  facts  which,  if  fully  understood, 
miirlit  probably  lend  to  m  explanation  of  the  phenomena.  At  first  it  was 
itnuf^nned  that  the  earth's  axis  had  been  fur  ages  perpendifular  to  the 
phine  of  the  ecliptic,  so  that  there  was  a  perpetual  e(juiuox,  and  unifor- 
mity of  seasons  throughout  the  year; — that  the  planet  enjoyed  this 
"  paradisiacal"  state  until  the  era  of  the  great  flood ;  but  in  that  catas- 
trophe, whether  hy  the  shock  of  a  eomet»  or  some  other  convulsion,  it 
lost  its  equal  poise,  and  hence  the  obliquity  of  its  axis,  and  with  that  tho 
varied  seasons  of  the  temperate  irae,  and  the  long  nights  and  days  of 
•  the  polar  circles. 

When  the  progress  of  astronomies]  science  had  exploded  this  theory, 
it  was  assumed,  that  the  earth  at  its  creation  was  in  a  state  of  fluidity, 
and  red-hottSnd  that  ever  stnee  that  eni,  it  had  been  cooling  down,  con« 
traetinr^  its  dimensions,  and  acquiring  a  solid  crust, — an  hypothesis  hardly 
less  arbitrary,  yet  more  calculated  for  lasting  popularity  ;  because,  by  re- 
ferring the  mind  directly  to  the  beginninq-  things,  it  requires  no  sup- 
port trom  observation,  nor  from  any  ulterior  hypothesis.    But  if,  instead 

*  The  theory  propoaed  in  ibis  and  the  following  diapCon^  to  aooouot  for  former 

fluctaatloiiA  of  riimnte  at  ftiircessive  geological  period?,  ntrrc*  in  every  emi^ntial 
particular,  and  hH^indn-d  been  reprinted  almo«t  verbatim  from  that  published  by 
me  twfiity  vfur-*  airo  in  the  first  edition  of  my  Principle*,  1880.  It  was  referred  to 
by  Sir  Jolin  F.  W.  11  rr^c  hoi  in  his  Di«'onr«e  on  Xntural  Philosophy,  publisbod  in 
,  1880.  In  preceding  works  the  gradual  diminution  of  the  earth's  central  beat  wu« 
shnost  the  only  esuee  assigned  for  the  acknowledged  diminntimi  of  the  raperfidal 
tamperatnre  ci  oor  plaoet. 
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of  forming  vague  conjectures  as  to  what  might  have  been  the  state  of 
the  planet  at  the  era  of  its  creation,  we  fix  our  thoughts  on  the  connection 
at  present  existing  between  cHmate  and  the  distribution  of  land  and  sea ; 
and  then  consider  what  influence  former  fluctuations  in  the  physical 
geography  of  the  earth  must  have  had  on  superficial  temperature,  we  may 
perhaps  approximate  to- a  true  theory.    If  doubts  and  obscurities  still 
remain,  thfey  should  be  ascribed  to  our  limited  acquaintance  with  the 
laws  of  Nature,  not  to  revolutions  in  her  economy ; — they  should  stira- 
ubie  us  to  farther  research,  not  tempt  us  to  indulge  our  fancies  respect- 
ing the  imaginary  changes  of  internal  temperature  in  an  embryo  world. 
Diffusion  of  Heat  over  the  Globe. — In  considering  the  laws  which  reg- 
.  ulate  ihe  difl'usion  of  heat  over  the  globe,  we  must  be  careful,  as  Hum- 
boldt well  remarks,  not  to  regard  the  climate  of  Europe  as  a  type  oi  the 
temperature  which  all  countries  placed  under  the  same  latitude  enjoy. 
The  physical  sciences,  observes  this  philosopher,  always  bear  the  impress 
of  the  places  where  they  began  to  be  cultivated ;  and  as,  in  geology,  an 
attempt  was  at  fir»t  made  to  refer  all  the  volcanic  phenomena  to  those 
of  the  volcanoes  in  Italy,  so  in  meteorology,  a  small  part  of  the  old  world, 
the  centre  of  the  primitive  civilization  of  Europe,  was  for  a  long  time 
considered  a  type  to  which  the  cUmate  of  all  corresponding  latitudes 
might  be  referred.    But  this  region,  constituting  only  one-seventh  of  the 
whole  globe,  proved  eventually  to  be  the  exception  to  the  general  rule. 
For  the  same  reason,  we  may  warn  the  geologist  to  be  on  his  guard,  and 
not  hastily  to  assume  that  the  temperature  of  the  earth  in  the  present 
era  is  a  type  of  that  which  most  usually  obtains,  since  he  contemplates 
far  mightier  alterations  in  the  position  of  land  and  sea,  at  different  epochs, 
than  those  which  now  cause  the  climate  of  Europe  to  differ  from  that  ot 
other  countries  in  the  same  parallels. 

It  is  now  well  ascertained  that  zones  of  equal  wjrrmth,  both  in  the 
atmosphere  and  in  the  waters  of  the  ocean,  are  neither  parallel  to  the 
e<luator  nor  to  each  other.*  It  is  also  known  that  the  mean  annual 
temperature  may  be  the  same  in  two  places  which  enjoy  very  different 
climates,  for  the  seasons  may  be  nearly  uniform,  or  violently  contrasted, 
80  that  the  lines  of  equal  winter  temperature  do  not  coincide  with  those 
of  equal  annual  heat  or  isothermal  lines.  The  deviations  of  all  these 
lines  from  the  same  parallel  of  latitude  are  determined  by  a  multitude 
of  circumstances,  among  the  principal  of  which  are  the  position,  dircc- 

•  We  are  indebted  to  Baron  Alex,  von  Ilitmboldt  for  having  first  collected  to- 
gether the  scattered  data  on  which  he  founded  an  approximation  to  a  true  theory 
of  the  dUtribation  of  heat  over  the  globe.  Many  of  tnew  data  were  derived  from 
the  author's  own  observation's  and  many  fnim  the  works  of  M,  Pierre  Prevost,  ot 
Geneva,  on  the  radiation  of  heat,  and  from  other  writers, — See  Uiimboldt  on  I»o- 
tbormal  Linen,  Memoires  d'Arcueil,  torn.  UL  translated  in  the  Ediu.  PhiL  Journ. 
ToL  iil  Julj.  1820. 

The  map  of  Iftothermal  Lines,  recently  published  by  Humboldt  and  Dove  (1848), 
njpplie^  a  large  IkmIv  of  well-e.<«tabliahed  data  for  such  investit^ation.^,  of  which  Mr. 
liopkin.'f  has  most  ably  availed  him.<>elf  in  an  cA.%ay  "  On  the  Causes  which  may  have 
produced  Cbai)g«8  in  the  earth's  Superficial  Temperature." — Q.  Journ.  UeoL  8o& 
1852,  p.  66. 
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tioD,  and  deratioD  of  the  oooCiiieikta  and  idaodB,  the  pontioo  and  deptlu 
of  the  Ma»  and  the  direotkm  of  cnmatB  and  of  wrads. 

On  comparing  the  two  continenta  of  Bnrope  and  America,  it  is  found 
that  phwes  in  the  same  latitudes  have  sometimes  a  mean  difTerenoe  of 
temperetare  amounting  to  1 1°,  or  even  in  a  few  cases  to  17°  Fahr« ;  and 

some  places  on  the  two  continents,  which  have  the  same  mean  tempera- 
ture, differ  from  7°  to  17**  in  latihide.    Thus,  Cumberlind  Hou55f»,  in 
North  America,  having  the  same  lalitude  (54°  N.)  as  tlie  citv  of  York 
in  Knghmd,  stands  on  the  isothermal  line  of  82^,  which  in  Eunjp**  rises 
to  the  North  Cape,  in  lat.  71**,  but.  its  summer  lieat  exceeds  tljat  of 
Brussels  or  Paris.*    The  principal  cause  of  greater  intensity  of  cold  in 
corresponding  latitudes  of  North  Anjcrica,  as  contrasted  with  Europe, 
is  the  conneetion  of  America  with  the  polar  circle,  by  a  large  tract  of 
hind,  some  of  which  is  from  three  to 'five  thousand  feet  in  height ;  and, 
on  the  other  hand,  the  separation  of  Enrope  from  the  aietic  circle  hy  an 
ocean.   The  ocean  has  « tendency  to  preserve  everywhere  a  mean  tem* 
pemture,  which  it  conmimiicates  to  the  conttgoous  land,  so  that  it  tern- 
pers  the  climate,  moderating  alike  an  excess  of  heat  or  cold.    The  elevn^ 
ted  land,  on  the  other  hand,  rising  to  the  colder  regions  of  the  atmo' 
sphere,  becomes  a  great  reservoir  of  ice  and  snow,  arrests,  condenses, 
and  conj^eals  vapor,  and  communicates  its  cold  to  the  adjoining  countrr. 
For  this  reason,  Greenland,  forming  part  of  a  continent  which  stretches 
northward  to  the  8'_'d  degree  of  latitude,  experiences  under  the  60th 
parallel  a  more  rigorous  chmatc  than  Lapland  under  the  72d  parallel. 

But  if  land  be  situated  bctwei;n  the  40th  parallel  and  the  equator,  it 
produces,  unless  it  be  of  extreme  height,  exactly  the  opposite  effect ; 
for  it  then  warms  the  tracts  of  kmd  or  sea  that  btervene  between  it  and 
the  polar  circle.  For  the  surface  bcang  in  this  case  exposed  to  the  ver- 
tical, or  nearly  verticsfil  rays  of  the  sun,  absorbs  a  large  quantity  of  heat, 
which  it  diffuses  by  radiation  into  the  atmosphere.  For  this  reason,  the 
western  parts  of  the  old  continent  derive  warmth  from  Africa,  "  which, 
like  an  immense  furnace,  distributes  its  heat  to  Arabia,  to  Turkey  in 
Asia,  and  to  £nrope."f  On  the  contrary,  the  northeastern  extremity 
of  Asia  experiences  in  the  same  latitude  extreme  cold ;  for  it  has  land 
on  the  north  between  the  60th  and  70th  parallel,  while  to  the  south  it 
is  separated  from  the  equator  by  the  Pacitic  Ocean. 

In  consequence  of  the  more  equal  temp'Tature  of  the  water??  of  the 
ocean,  the  climate  of  islands  and  of  coasts  ditfers  essentially  from  that 
of  tlie  interior  of  continenta,  the  more  maritime  climate  being  charac- 
icmcd  by  mild  winters,  iind  more  temperate  suairat)n» ;  for  the  sea-breezes 
moderate  the  cold  of  winter,  as  well  as  the  heat  of  summer.  When, 
therefore,  we  trace  round  the  globe  those  belts  in  which  the  mean  annual 
temperature  is  the  same,  we  often  find  great  differencea  in  climate ;  for 
there  are  Uuular  eUmafes  m  which  the  seasons  are  nearly  equalised,  and 

•  Sir  J.  RichMdsoD^ta  Appendix  to  Sir  G.  Badi'^  JomI,  184S— 1846,  p,  471 
f  lialte-Bmn,  fhya.  GeoJ.  book  zvii 
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•MMttiM  dinuitesp  as  they  have  been  termed,  where  the  temperatiure  of 
niDter  and  summer  is  atnngly  coatrasted.  The  whole  of  Eerope^  com- 
psred  irith  the  eastern  parts  of  America  and  Asia,  has  an  insular  climate. 

The  northem  part  of  China,  and  the  Atlantic  region  of  the  United  States, 
eiUbii  "excessive  oHmates."  We  find  at  New  York,  says  Humboldt* 
the  Bonimer  of  Rome  and  the  winter  of  Copenhagen  ;  at  Quebec,  the 
wmmer  of  Paris  and  the  winter  of  Petersburg^.  At  Polcin,  in  Cliina, 
where  the  mean  t^^mpprntiirr  of  tho  vo  ir  is  that  of  the  coa.sts  of  Brittany, 
the  scorching  heats  of  summer  arc  greater  than  at  Cairo,  and  the  win- 
ters as  n's^oroiis  as  at  Upsala.* 

If  lin-s  be  drawn  round  the  globe  through  all  tiitjse  places  which 
have  the  siime  winter  temperature,  they  are  found  to  deviate  from  the 
iarestriAl  parallels  much  farther  than  the  lines  of  equal  mean  annual 
hetL  The  lines  of  joqnal  winter  in  Europe,  fCi  eiamplc,  ara  often 
coned  lo  as  to  roach  parallels  of  latitude  O**  or  10^  distant  from  uMch 
Mher,  whereaa  the  isbthermal  lines,  or  those  passing  through  plaeea 
hmo^  the  same  mean  annual  temperature,  diflfer  only  from  4**  to  5** 
bEniope. 

Infimu*  €f  currents  and  drift  ice  on  temperature, — ^Among  other  in- 
fiueDtial  causes,  both  of  remarkable  diversity  in  the  mean  annual  heat» 
lad  of  anequal  division  of  heat  in  the  different  seasons,  are  the  direc- 
tion of  currents  and  the  accumulation  and  drifting  of  ice  in  high  lati- 
tudpf?.  The  temperature  of  the  Lagullas  current  is  10°  or  12^  Fahr. 
above  tliat  of  the  sea  at  tlie  Cape  of  Good  Hope ;  for  it  deriTes  the 
grealtir  part  of  it^;  w^tors  from  the  Mozambique  channel,  and  south- 
east const  of  Africa,  and  iVom  regions  in  the  Indian  Ocean  much  nearer 
the  line,  and  much  hotter  than  the  Cape.f  An  opposite  effect  is  pro- 
duced by  the  "equatorial"  current,  which  crosses  tho  Atlantic  from 
Aiiiea  to  BraaO,  having  a  breadth  varying  from  190  to  450  naiitieai 
aib.  Its  waters  are  eooler  by  3**  or  4*  Fahr.  than  those  of  the  ooean 
isder  the  line,  so  that  it  moderates  the  heat  of  the  tropics.! 

Bot  the  effects  of  the  Gulf  stream  on  the  dunate  of  the  North  At- 
hotie  Ocean  are  far  more  remarkable.  This  most  powerful  of  known 
cureats  has  its  source  in  tho  Oulf  or  Sea  of  Mexioo,  which,  like  the 
Mediterranean  and  other  elose  aeas  in  temperate  or  low  latitudes,  is 
warmer  than  the  open  ocean  in  the  same  parallels.  The  temperatun* 
of  llie  Mexican  sea  in  summer  is.  according  to  Rennell,  86^  Fahr.,  or  at 
least  7*^  ahove  that  of  the  Atlantic  in  the  same  latitude. §  From  this 
peat  reservoir  or  caldron  of  warm  water,  a  con^^t  int  cnrtcnt  pours 
forth  through  the  .snuits  of  Bahama  at  the  rate  of  .>  nr  I  imlus  an  hour ; 
It  crossses  the  ocean  in  a  northeasterly  direction,  hkirting  the  great 
Innk  of  Newfoundland,  where  it  still  retains  a  temperature  of  8°  above 
tint  of  the  surrounding  sea.  It  reaehea  the  Aaores  in  about  78  days, 
ifter  flowmg  neivlj  8000  geographical  miks,  and  from  thenee  it  some* 


*  On  Taothermsl  Luia%  in,  j-  RenD«ll  on  OiDreaft^  p.  96b  London^  1881, 
^OitLpwUS.  t  Ibid,  2ft. 
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times  exteiids  its  comae  a  thousand  miles  farther,  so  as  to  reach  the 
Bay  of  Biscay,  still  retainiog  an  excess  of  6*  abore  the  mean  tempera- 
ture of  that  sea.  As  it  has  been  known  to  arrive  there  in  the  months 
of  November  and  January,  it  may  tend  greatly  to  moderate  the  cold 

of  wintcu*  in  countries  on  the  west  of  Europe. 

There  is  a  large  tract  in  the  centre  of  the  North  Atlantic,  between 
the  parallels  of  33°  and  45^  N.  lat.,  which  Renncll  calls  the  "recipuTit 
of  the  r'ulf  wntcr."  A  great  part  of  it  is  coven-d  by  the  weed  r  illi  d 
sargasso  [^Sarr/asmm  baccijeruin),  which  the  current  floats  in  abundance 
from  the  Gulf  of  Mexico.  This  mass  of  water  is  nearly  stagnant,  is 
warmer  by  7°  or  10°  tlian  the  waters  of  the  AiIumLjc,  and  may  be  com- 
pared to  the  fresh  water  of  a  river  overflowing  the  heavier  salt  watei* 
of  the  sea.  Rennell  estimates  the  area  of  the  *'  recipient,"  together 
with  that  covered  by  the  nab  etirrent»  as  being  2000  oules  in  length 
from  E.  to  W.,  and  850  in  breadth  from  N.  to  8.,  which,  he  remaite» 
is  a  larger  area  thsn  that  of  the  Mediterrsnean.  The  heat  of  this  great 
body  of  water  is  kept  np  by  the  incessant  and  qnick  atrivals  of  fresh 
supplies  of  warm  water  from  the  south ;  and  there  can  be  no  doubt 
that  the  general  climate  of  psrts  of  Eorope  and  America  is  materially 
affected  by  this  cause. 

It  is  considered  probable  by  Scorcsby  that  the  influence  of  tiie  Gulf 
stream  extends  even  to  the  sea  near  Spitzbergen,  where  its  waters  may 
pass  under  those  of  melted  ice;  for  it  has  been  found  that  in  the  neis:fli- 
borhood  of  ^pitzherrjen,  the  water  is  warmer  by  6°  or  7°  at  the  depth 
ff  one  hundred  and  two  hundre  d  fathoms  than  at  the  surface.  This 
might  ari:»e  from  the  known  law  iluit  fresh  water  pasties  tlic  point  of 
greatest  density  when  cooled  down  below  40°,  and  between  that  and 
the  freesing  point  expands  sgain.  The  water  of  melted  ice  might  be 
fighter,  both  as  b«ng  fresh  (ha^g  lost  its  salt  in  the  decomposing 
process  of  freesing),  and  because  its  temperature  is  nearer  the  freesmg 
p<Hnt  than  the  inferior  wato*  of  the  Oulf  stream. 

The  great  glaciers  generated  in  the  valleys  of  Spitzbetgen,  in  the  79* 
of  north  latitude,  are  almost  all  cut  off  at  the  beach,  b(  ing  melted  by 
the  feeljle  remnant  of  heat  stiU  retained  by  the  Gulf  stream.  In 
Baffin's  Bay,  on  the  contrary,  on  the  west  coast  of  Old  Greenland, 
where  the  tt-mperature  of  thp  ^oa  is  not  mitiii^ated  hy  the  same  CHU<?e, 
and  where  there  is  no  warmer  underK"urrent,  the  glaciers  5*tretch  out 
from  the  shore,  and  furnish  repeated  crops  of  mountainous  masses  of 
ice  which  float  f>tl"  into  the  ocean.*  The  number  and  dimensions  of 
ihese  bergs  is  prodigious.  Captain  Sir  John  Ross  Kaw  several  ot  ihojn 
together  in  Jiuftin's  Bay  aground  in  water  lifteen  hundred  feet  deep ! 
Many  of  them  are  driven  down  into  Hudson's  Bay,  and  aecnmulating 
there,  difiuse  excessiTe  cold  over  the  neighboring  continent ;  so  that 
Captain  Franldin  reports*  that  at  the  mouth  of  Hayes'  River,  which 

•  Scoresby's  Arctic  Regiono.  vol  i.  p.  SOa— Dr.  Lstts'a  ObMnrsiioos  oa  Of 
Qlacien  of  SpiUbeigen,       Kdin.  New  FfaiL  imtta  vcL  iiL  p,  97. 
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lies  in  the  same  latitude  as  the  Dorib  of  Prussia  or  the  south  of  Scot- 
land, ice  is  found  o  very  where  in  digging  wells,  in  summer,  at  the  depth 
of  fourffot!  Other  herrrs  hiive  been  occasionally  met  with,  at  mid- 
suinuier,  to  a  state  of  rapid  thaw,  as  far  south  as  lat.  40^  and  hjnsritude 
about  60®  west,  where  they  cool  the  water  sensibly  to  the  distance  of 
forty  or  fifty  miles  around,  the  thermometer  sinknii^  aumetimes  17**,  or 
even  18^  Kahrenheit,  in  their  neighborhood.*  It  is  a  well-known  fact 
that  every  four  or  five  years  a  large  number  of  icebergs,  floating  from 
Gfeenlaod,  double  Cape  Langaness,  and  are  stranded  on  the  west  ooast 
of  leeltiid.  The  iahaUtaBts  are  then  aware  that  thdr  erops  of  ha j 
win  Iki],  in  cooeeqiieDee  of  fogs  whbh  are  genemted  almost  incesssntly ; 
ud  the  dearth  of  food  is  not  confined  to  the  land,  for  the  temperature 
of  the  water  is  so  changed  that  the  fiih  entirely  desert  the  coast. 

J^trma  climaie  ike  Norikem  ijmd  Southern  1ieini8p}iert$j— 
When  we  compare  the  climate  of  the  northern  and  southern  hemispheres, 
*e  obt^n  still  more  instruction  in  regard  to  the  influence  of  the  distri- 
batioQ  of  land  and  sea  on  climate.  Tlie  dry  land  in  the  southern  hemi- 
spben?  is  to  that  of  the  norlheni  in  the  ratio  only  of  one  to  three,  ex- 
cluding frorn  our  consideration  that  part  which  lies  between  the  pole  and 
the  7»**  of  south  latitude,  which  has  hitherto  proved  inaccessible.  And 
whereas  in  the  northern  hemij*phere,  between  the  pole  and  the  thirtieth 
parallel  of  nurih  liUiiuJe,  the  land  and  sea  occupy  nearly  equal  areas, 
th«  ooeao  in  the  southern-  hemisphere  covers  no  less  than  fifteen  parts 
isaixt«ea>of  the  entire  space  included  between  the  antarctic  cirde  and 
tlw  thirtielh  parallel  of  south  latitude. 

This  great  extent  of  sea  gives  a  particular  character  to  climatea  south 
of  Um  equator,  the  winters  being  mild  and  the  summeis  cooL  Thus»  in 
Van  Dievan's  Land,  corresponding  nearly  in  hititude  to  Rome«  the 
winters  are  more  mild  than  at  Naples,  and  the  summers  not  warmer  than 
those  at  Paris,  which  is  7°  iisrther  from  the  equator.f  The  effects  on 
animal  and  vegetable  life  are  remarkable.  Cajit,  King  observed  large 
shrul:^  of  Fuchsia  and  Veronica,  whieh  in  En^jland  are  treated  as  tr  iidur 
plants,  thriving  and  in  full  flower  in  Tierra  d>  l  Fu<"_n>  with  the  tempera- 
ture at  36°.  He  states  also  that  humming  hird»>  were  seen  sipping  the 
swutU  of  the  flowers  "after  two  or  three  days  of  consUmt  rain,  bnow, 
&ad  sleet,  during  wiiieh  time  the  thermometer  had  been  at  the  freezing 
pobL"  Mr.  Darwin  also  saw  parrots  feeding  on  the  seeds  of  a  tree 
called  the  winter's  bark,  south  of  lat  55^  near  Cape  Horn.]; 

8o  the  orehideous  pkmts  which  are  parasitical  on  trees,  and  are  gen- 
erally characteristic  of  the  tropics,  advance  to  the  d8th  and  42d  degree' 
of  &  Iat.»  and  even  beyond  the  45  th  degree  in  New  Zealand,  where 
tliey  were  found  by  Fonter.  In  South  America  ali<o  arborescent  grasses 
abound  in  the  dense  forests  of  Chiloe,  in  lat.  42°  S.,  where  "  they  en- 
Ivioe  the  trees  into  one  entangled  mass  to  the  height  of  thirty  or  forty 

*  R«Dnoll  on  r  irn  nts  p.  95.  f  Humboldt  m  botheniial  Xiass. 

\  Joora  ol  1  ravci^i  id  S.  Aiuerica,  <kc  p.  272. 
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Ceet  above  the  ground.  Paliii>traea  in  the  fiame  qunrter  of  tlie  globe 
grow  in  lat.  37°,  an  arborescent  grass  very  like  a  bamboo  in  40**,  and 
another  closely  allied  Idad,  of  great  leogtb^  but  not  erect,  even  as  far 

south  as  4o^"* 

It  has  iung  been  supp*»ecl  that  the  general  temperature  of  tlie  southerQ 
hemisphere  was  considoiiibly  lower  than  th;it  of  the  northern,  and  that 
the  difference  uintiuiucd  to  at  ka^t  lU"^  Fahrenheit,  liaron  Humboldt, 
after  collectiDg  and  comparing  a  great  number  of  observations^  came  to 
the  GOoelusioD  that  even  a  nraeh  larger  diffimnoe  existed*  but  that  none 
waa  to  be  obeerred  within  the  tropica,  and  only  a  small  differenoe  as  far 
as  the  thirty-fifth  and  fortieth  parallel.  Captain  Cook  was  of  opinion 
that  the  ice  of  the  antarctic  predominated  greatly  over  that  of  the  arctic 
region,  that  encircling  the  southern  pole  coming  nearer  to  the  equator 
by  10^  than  the  ice  around  the  north  pole.  All  the  reeetit  voyages  ot 
discovery  have  tended  to  confirm  this  opinion,  although  Capt.  Weddel 
penetrated,  in  1823,  three  degrees  farther  south  than  Capt.  Cook,  reach- 
ing lat.  74°  15'  South,  long.  34°  17'  West,  and  Sir  James  lln^<,  in  1842, 
arrived  at  lat.  78''  10'  S.,  as  higii  a  latitude,  within  three  degrees,  as 
the  fartiiest  point  attained  by  Captain  Parry  in  the  arctic  circle,  or  lat. 
81^  12'  North.  4 

The  (ieicriplion  given  by  ancient  as  well  as  modern  navigatoi-s  of  the 
sea  and  Utnd  in  high  southern  latitudes,  clearly  attests  the  greater  se- 
verity of  the  climate  as  compared  to  arctic  regions.  In  Sandwich  Land, 
in  lat  59^  8.,  or  in  nearly  the  same  parallel  as  the  north  of  •Scotland, 
Capt.  Cook  found  the  whole  country,  fnun  the  summits  of  the  mountains 
down  to  the  vary  brink  of  the  sea-cliffs,  "  covered  many  fathoms  thick 
with  everlasting  snow,"  and  this  on  the  Utof  February,  the  hottest  time 
of  the  year ;  and  what  is  still  more  astonishing,  in  the  island  of  S.  Georgia, 
which  is  in  the  54*  south  latitude,  or  the  same  parallel  as  Yorkshire,  the 
line  of  perpetual  snow  descends  to  the  level  of  the  ocean.f  When  we 
consider  this  fact,  and  then  recollect  that  tlie  highest  mountains  in  Scot- 
land, uhioh  asLTiid  to  an  elevation  uf  nearly  ijOOO  feet,  and  are  four  de- 
grees farther  to  the  north,  do  nf)t  attain  the  limit  of  perpetual  ^now  oq 
our  side  of  the  equator,  we  learu  that  laiitude  is  one  only  of  many  pow- 
erful causes,  which  determine  the  climate  of  particular  regions  of  the 
globe.  Capt  Sir  James  Ross,  in  his  exploring  expedition  hi  1841-3, 
found  that  the  temperature  south  of  the  60th  degree  of  latitude  seldom 
rose  above  82^  Fahr.  During  the  two  summer  months  of  the  year  1841 
(January  and  February)  the  range  of  the  thermometer  was  between  11^ 
and  32^  Fahr.;  and  scarcely  once  rose  above  the  freezing  point.  The 
permanence  of  snow  in  the  southern  hemisphere,  is  in  this  instance  partly 
due  to  the  floating  ice,  which  chills  the  atmosphere  and  condenses  the 

*  Darwin's  trnvcls  in  S.  America,  p.  871. 

f  Mr.  Uopkiita  raises  the  que.^tion  wh^thpr,  in  South  Goortria,  the  desepnt  of 
glaciers  to  the  margin  uf  the  sua  might  not  have  been  mistaken  by  Capt.  Cook  fur 
the  descdot  of  tb«  snow^UDe  to  the  tea  leveL  Quart.  Jonra.  OeoL  8oa  p  65 
18fi2.    The  grcnt  navigator  is  generally  very  uccuriite,  and  there  seem  to  oe  no 
nbservatioDA  of  mor«  roceut  date  eitkor  to  coutirm  or  invalidate  bis  fttatemenb*. 
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rapor,  so  Uat  in  smrnner  the  son  eaaiiot  pieroe  ihroagli  tbe  foggy  air. 
Bait  bcM Jm  the  abundaiMe  of  ice  which  covers  (he  eea  to  the  Bouth  ol 
Geoigii  and  Sandwich  Jjand,  we  may  abo,  as  Hnmboldt  suggests,  as* 
eribo  the  edd  of  those  coantrios  ni  part  to  the  absence  of  land  between 
Utem  and  the  tropics. 

If  Africa  and  New  Holland  ^U»ided  farther  to  the  south,  a  diminu- 
tMm  of  ice  would  take  place  in  consequence  of  the  radiation  of  heat  from 
thesa  continents  during  summer,  which  would  warm  the  contiguous  4ca 
apfi  nrc^y  the  air.  The  heated  nerial  currents  would  then  ascend  and 
flow  more  rapidlv  towards  the  south  pole,  and  moderate  the  wintxT. 
In  confirmation  ot  iheso  views,  it  is  stated  that  the  ice.  which  extends  as 
f'dr  as  the  GS°  and  71^  of  south  latitude,  advances  more  towards  the 
«(iuutor  whenever  it  meeLs  an  open  sea  ;  thai  is,  where  the  extremities 
aI  the  pre.'-ent  continentb  are  not  oppoiiite  to  it ;  and  this  circumstance 
•Mou  explicable  only  on  the  principle  above  alhided  to^  of  the  radiation 
of  iMBt  fnm  the  lands  so  situated. 

The  eold  of  the  antarctic  regions  was  conjectured  by  Cook  to  be  due 
to  theenstence  of  a  large  tract  of  land  between  the  seventieth  degree 
of  south  Istitttde  and  the  pole.  The  justneis  of  these  and  other  specu- 
'bttooi  cf  that  great  navigator  have  since  been  ungularly  confirmed  by 
^lie  investigation  made  by  Sir  James  Ross  in  1841.  He  found  Victoria 
Jjisd,  extending  from  11°  to  79**  8.  bititude,  skirted  by  a  great  bar- 
rier of  ice,  the  height  of  the  land  ranging  from  4000  to  14,000  feet, 
ihc  whole  entirelv  covered  with  snow,  except  a  narrow  ring  of  black 
eariii  surroundmg  the  huge  crnt^  r  of  the  active  volcano  of  Mount 
Erebus,  rising  12,400  feet  above  liie  level  of  the  sea.  The  position  of 
a  mountainous  territory  of  such  ahitude,  so  near  the  pole,  and  so  ob- 
w>usa  source  of  intense  cold,  fully  expl  lin^  wiiy  Grahaui's  and  Ender- 
Land,  discovered  by  Captain  Biscoe  in  1831-2  (between  lat.  64=*  and 
(8^  8.),  presented  a  most  wintry  aspect,  covered  even  in  summer  with 
iw  and  anow,  and  nearly  destitute  of  animal  life..  In  corresponding 
htitadei  of  the  northern  hemisphere  w^  not  only  meet  with  herds  of 
*M  herbivorous  animals,  but  with  land  which  man  himself  inhabits, 
ttd  where  he  has  even  built  ports  and  inland  villages.* 

The  distance  to  which  icebergs  float  from  the  polar  regions  on  the 
opposite  sides  of  the  Une  is,  as  might  have  been  anticipated,  very  differ* 
eot.  Their  extreme  hmit  in  the  northern  hemisphere  is  lat.  40®,  aa 
before  mentioned,  and  they  are  occasionally  seen  in  lat.  42*^  N.,  near 
the  termination  of  the  c^rent  bank  of  Newfoundland,  and  at  the  A /ores, 
lat.  42®  N.,  to  which  they  are  sometimes  drifted  from  Baftin  s  B'lv 
Bui  iQ  the  other  hemisphere  they  have  been  seen,  within  the  last  few 
jear^  at  different  points  off  the  Cape  of  Good  Hope,  between  lat. 

*  Allv  aU  tlMM  modern  diaeoveriaa^  fh«  area  ttiTl  iin«xp1ored,  wttiiin  th«  an- 

Urctic drde,  b  rrxTO  than  doubU'  the  art-a  (if  Europ'.  TIk!  surface  <»f  th'  1  iUer 
^hmkiw  aboat  2.793,000  eqaare  geographical  milea.  The  uiMzplored  antarctic  re* 
^  u  ealeaktod  for  n*  fay  lb-.  Gardner,  in  1840,  cqoalied  ahevt  9,630,000 
•9«H»niiaa 
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3G*  and  39°.*  One  of  these  (see  ficf.  2)  was  two  miles  in  circumfer- 
ence, and  150  feet  high,  appearing  like  chalk  when  the  sun  was  ob- 
Bcurcd,  and  having  the  lustre  of  refined  sugar  when  the  sun  was  shining 
on  it.  Others  rose  from  250  to  300  feet  above  the  level  of  the  sea,  and 
were  therefore  of  great  volume  below ;  since  it  is  ascertained  by  experi- 
ments on  the  buoyancy  of  ice  floating  in  sea-water,  that  for  every  cubic 
foot  seen  above,  there  must  at  least  be  eight  cubic  feet  below  wator.f 
If  ice  blands  from  the  north  polar  i"egions  floated  as  far,  they  might 
reach  Cape  St.  Vincent,  and  there,  being  drawn  by  the  current  that 
always  sets  in  from  the  Atlantic  through  the  Straits  of  Gibraltar,  be 
drifted  into  the  Mediterranean,  so  that  the  serene  sky  of  that  delightful 
region  might  soon  be  deformed  by  clouds  and  mists. 

Before  the  amount  of  diflerence  between  the  temperature  of  the  two 
hemispheres  was  ascertained,  it  was  referred  by  many  astronomers  to 
the  precession  of  the  equinoxes,  or  the  acceleration  of  the  earth's  mo- 
tion in  its  perihelium ;  in  consequence  of  which  the  spring  and  summer 
of  the  southern  hemisphere  are  now  shorter,  by  nearly  eight  days,  than 
those  seasons  north  of  the  equator.  But  Sir  J.  Herschel  reminds  us 
that  the  excess  of  eight  days  in  the  duration  of  the  sun's  presence  in 
the  northern  hemisphere  is  not  productive  of  an  excess  of  annual  light 
and  heat  ;  since,  according  to  the  laws  of  elliptic  motion,  it  is  demon- 
strable that  whatever  be  the  ellipticily  of  the  earth's  orbit,  the  two 
hemispheres  must  receive  equal  absolute  quantities  of  light  and  heat 
per  annum,  Uie  proximity  of  the  sun  in  perigee  exactly  compcnaating 
the  effect  of  its  swifter  motion.^  Humboldt,  however,  observes,  that 
there  must  be  a  greater  loss  of  heat  by  radiation  in  the  southern  hemi- 

♦  On  iceberj^s  in  low  lAtitudes,  by  Capt.  Hor«bargh,  by  wnom  the  sketch  wa« 
made.    Phil.  Trans.  1880. 

I  Scorcsby'a  Arctic  lifgions,  vol  i.  p.  234. 

X  This  follows,  observes  Ileriichol.  from  a  very  simple  theorem,  which  may  be 
thus  staled : — "'The  amount  of  heat  received  by  the  earth  from  the  sun,  while  do- 
•rrihing  any  part  of  ita  orbit,  \a  proportional  to  the  angle  described  round  the 
•un's  centre."  So  that  if  the  orbit  l>e  divided  into  two  portions  by  n  line  drawn 
in  any  direction  throuj,'h  the  sun's  centre,  the  heat  received  in  describing  the  two 
unequal  scf^ments  of  the  eclipse  ao  produced  wUl  be  equal  Geol  Traos.  vol  iii 
TMU-t.  ii.  p.  '298 ;  second  seriua. 


1 


splwn  Aanog  a  winter  longer  by  eiglit  days  (haa  tl»t  on  Uie  oQier  taAt 
i  tbe  equator.* 

PerittjiB  no  vety  aenaible  eCfoot  may  be  produeed  by  this  aoaroe  of 
datorlMiice;  yet  the  geologist  sbould  bear  In  mind  that  to  a  certain 
extent,  it  operates  alteniatdy  on  each  of  tbe  two  hemispheres  for  a 
period  of  upwards  of  10,000  years,  dividing  unequally  the  times  during 
mhiA  the  annual  eupply  of  solar  light  and  heat  is  received.  Thia 
cause  may  sometimes  tend  to  counterbalance  inequalities  of  temperature 
resulting  from  other  far  more  influential  circumst'inces ;  hut,  on  the 
othfr  hand,  it  must  sometimes  t<MKl  to  increase  the  extreme  of  deviation 
an>ing  from  particular  combinations  of  causes. 

But  whatever  may  be  ;it  present  the  inf<'riority  of  heat  in  the  temper- 
ate and  frigid  zones  south  of  the  line,  it  is  quite  evident  that  the  cpld 
would  be  far  more  intense  if  there  happened,  instead  of  open  sea,  to  be 
tTMte  of  elevated  land  between  the  and  70tb  par  "CM ;  and,  on  tbe 
otber  haad,  the  cold  would  be  moderated  if  there  were  more  land  be- 
twcea  the  line  and  the  forty-fifth  degree  of  south  latitude. 

(^imgtt  tn  the  potitim  if  hnd  and  tea  may  giv9  rU$  to  vidmivdet 
mtHmte. — Having  offered  these  brief  remarics  on  the  diffusion  of  beat 
over  tlie  globe  in  the  present  state  of  the  surface,  I  shall  now  proceed 
to  speculate  on  the  vicissitudes  of  climate,  which  must  attend  those 
endless  variations  in  the  geographical  fvatures  of  our  planet  which  are 
contemplated  in  geoloc^v.  That  our  speculations  may  he  confined  with- 
in the  birict  limits  of  analogy,  I  shall  assume,  1st,  That  the  proportion 
of  dry  land  to  sea  continues  nlwavs  the  same.  2dly,  That  the  volume 
t»i  ike  land  rising  above  the  level  of  the  sea  is  a  constant  quantity ;  and 
not  only  that  its  mean,  but  that  its  extreme  heiL^ht,  is  liable  only  to 
trifling  variations.  3dly,  That  both  the  mean  and  extreme  depth  of 
the  MS  sie  inraiiable ;  and  4th1y,  It  may  be  consistent  irith  due  can- 
tioa  to  suttme  that  the  grouping  together  of  tbe  land  in  continents  Is  a 
MesHsiy  part  of  tbe  economy  of  nature ;  for  it  is  possible  that  tbe 
bwt  vUch  govern  tbe  subtenanean  forces,  and  which  act  umulta* 
BMody  slu^  certain  lines,  cannot  but  produce  at  every  epoch,  con- 
tiaoou  mountain-chains ;  so  that  the  subdivision  of  tbe  whole  land  into 

■ 

JOBliaierable  islands  may  be  precluded. 

If  it  be  objected,  that  the  maximum  of  elevation  of  land  and  depth 
of  K-a  are  probiibly  not  constant,  nor  the  gatherinci;'  toj^fcther  of  all  the 
land  in  certain  parts,  nor  even  perhaps  the  relative  extent  of  I  tnd 
-'od  v/i\iiar,  I  reply,  that  the  ari,aiments  aborit  to  be  adduced  will  l)c 
'>if*;aglhened  if,  in  these  peculiarities  of  the  surtace,  there  be  con^idi  r- 
•Me  deviations  from  the  present  type.  If,  for  example,  all  other  cir^ 
^■BHlsiices  being  the  same,  the  land  is  at  one  time  more  divided  into 
then  at  another,  a  greater  uniformity  of  climate  might  be  pro- 
ceed, the  mean  temperature  remainuig  umdtered ;  or  if,  at  another  en, 
were  mountains  higher  than  the  Himalaya^  these,  when  phiced  in 

e  On  Isoiheniial  LniBi. 
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high  htitodes,  would  oaaie  a  greater  eiceai  of  oold.   Or,  if  we  snppoae 

that  at  certain  periods  no  chain  of  bilU  in  the  world  mee  heyond  tho 
hoght  of  10,000  feet,  a  greater  heat  might  then  have  prevailed  than  b 
compatible  with  the  existence  of  motlnuuna  thnce  that  elevation. 

However  constant  may  be  the  relative  proportion  of  sea  and  land,  we 
know  that  there  is  annually  sonrtf^  smn!1  vsinHtfon  in  their  respective 
geographieril  positions,  and  th:iL  in  every  cuniury  the  land  is  in  some 
parts  raised,  and  in  others  depressed  in  level,  and  so  likewise  is  the  bed 
of  the  sea.  By  these  and  other  ceaseless  changes,  the  configuration  of 
the  earth's  surface  has  been  remodelled  again  and  again,  since  it  was 
the  habilaliun  of  organic  beings,  and  the  bed  of  the  ocean  hna  betfii 
lifted  up  to  the  be^ht  of  some  of  the  loftiest  mountains.  The  imagioa- 
lion  is  apt  to  take  alarm  when  oslled  upon  'to  admit  the  formation  ot 
aneh  irregulariiies  in  the  emst  of  the  esrth»  after  it  had  once  beeome 
the  habitation  of  linng  ereaturea ;  but,  if  time  be  allowed,  the  opera- 
tbn  need  not  subvert  the  ordinsiy  repose  of  nature ;  and  the  result  is 
in  a  general  view  uiaignificant,  if  we  consider  how  slightly  the  highest 
roountain^cluuns  cause  our  globe  to  differ  from  a  perfect  sphere. 
Ohimborazo»  though  it  rises  to  more  than  21,000  feet  above  the  sea, 
would  be  represented,  on  a  globe  of  about  six  feet  in  diameter,  by  a 
grain  of  sand  less  ibnn  orie-twentieth  of  an  incli  in  thickness. 

The  superficial  inequ  ilnlcs  of  the  earth,  then,  may  bo  deemed  minute 
in  qimntity,  and  their  distribution  at  any  particular  epoch  must  be  re- 
gardt'd  in  geology  as  temporary  peculiarities,  like  the  height  and  out- 
line of  the  cone  of  Vesuvius  in  the  interval  between  two  eruptions. 
But  although,  in  reference  to  the  magnitude  of  the  globe,  ikie  uneven- 
neas  of  the  surface  is  so  unimportant,  it  is  on  the  position  and  direction 
of  these  small  inequalities  that  the  state  of  the  atmosphere,  and  both 
the  local  and  general  climate,  are  mainly  dependent 

Before  considering  the  eflfect  which  a  material  change  in  the  distribu* 
tion  of  land  and  sea  must  occasion,  it  may  be  well  to  remark,  how 
greatly  organic  life  may  be  affected  by  those  mmor  variations,  which 
need  not  in  the  least  degree  alter  the  general  temperature.  Thus,  for 
example,  if  we  suppose,  by  a  series  of  convulsions,  a  certain  part  of 
Greenland  to  become  sea,  and,  in  compensation,  a  tract  of  land  to  rise 
and  connect  Spilzbergcn  with  Lapland, — an  accession  not  greater  in 
arnormt  than  one  which  the  geologist  can  prove  to  have  occurred  in  cer- 
tam  districts  bordering  the  Mediterranean,  v.  uinn  a  comparatively  mod- 
em period, — this  altered  form  of  the  laud  might  ciiuse  an  interchange 
between  the  climate  of  certain  parts  of  North  America  and  of  Europe, 
^vhloh  lie  in  corresponding  latitudes.  Many  European  species  of  plants 
and  animals  would  probably  perish  in  consequence,  because  the  mean 
temperature  would  be  greatly  lowered ;  and  others  would  fail  in  Amer^ 
ica,  because  it  would  there  he  raised.  On  the  other  hand,  m  plaeea 
where  the  mean  annual  heat  lenained  unaltered,  aome  apeciea  which 
flourish  in  Europe  where  the  seasons  are  more  uniform,  would  be  una- 
ble to  resist  the  greater  heat  of  the  North  American  summer,  or  the 
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inteiiBer  cold  of  the  winter ;  while  others,  now  fitted  by  their  hnbits  for 

lie  great  contrast  of  the  American  seasons,  would  not  be  fitted  for  tho 
iiww^ar  climate  of  Europe.  The  vine,  for  eramnlp,  accordinijf  to  Mum- 
bo  dt,  can  be  cultivated  with  advaataiije  10°  larihcr  north  in  Europe 
thiia  in  North  America.  Many  plants  endure  severiJ  frost,  but  cannot 
ripeo  their  seeds  without  a  certain  intensity  of  summer  heat  and  a  cer- 
tata  qiuQliiy  of  light ;  others  cannot  endure  a  similar  intensity  either  of 
iMkorcohL 

It  is  now  estalnliabed  that  many  of  the  existing  species  of  animals 
lai»iarTi?6d  great  ohaoges  in  (he  physical  geography  of  the  globe.  If 
ndi  tpedes  be  tenned  modern*  in  comparison  to  races  which  preceded 
them,  their  remsins*  nevertheless,  enter  into  sabmarine  deposits  many 

bandred  miles  in  lengtli.  and  which  have  since  been  nused  from  the  deep 
to  no  inconsiderable  altitude.  When,  therefore,  it  is  shown  that  changes 
in  the  temperature  of  the  atmosphere  may  be  the  consequence  of  such 
phv«ic:\l  revolutions  of  the  surface,  we  out^ht  no  longer  to  wonder  that 
titid  the  distribution  of  existing  species  to  he  local,  in  regard  to  lon- 
ijitLide  ;ls  well  as  latitude.  If  all  species  were  now,  by  an  exeriion  of 
creiiive  power,  to  be  dift'used  uniformly  throughout  those  zones  where 
tiiere  k  uu  equal  degree  of  heat,  and  in  all  respects  a  similarity  of  cli- 
they  would  begin  from  this  moment  to  depart  more  and  more  from 
llnir  or^nsl  distrihutkm.  Aquatic  and  terrestrial  spee^  would  he  dis- 
placed, ss  Hoohe  long  ago  obeenred,  so  often  as  land  and  water  exchanged 
phoes;  sad  there  would  also,  by  the  formation  of  new  mountains  and 
other  cbsoges*  be  tianspositbns  of  climate,  contributing,  in  tlie  manner 
before  alluded  to,  to  the  local  extermination  of  species.* 

If  we  now  proceed  to  consider  the  mrcumstances  required  for  a  gen- 
eral  change  of  temperature,  it  will  appear,  from  the  facts  and  principles 
already  Imd  down,  that  whenever  a  greater  extertt  of  high  land  is  col- 
lated in  the  polar  regions,  the  cold  will  augment ;  and  the  same  result 
wHl  be  p'^r.flncL'd  wlicn  there  is  mon-  sea  between  or  near  the  trc^pics  ; 
^liil'',  Oii  the  contrary,  so  often  as  the  above  conditions  are  reversfd, 
iLe  litat  will  be  great«>r.  (See  fiijs.  5  and  0,  p.  111.)  If  this  be  aUimi- 
ted,  it  will  follow,  that  unk>s  ih»j  supcriicial  inequalities  of  the  earth  be 
fixed  and  permanent,  there  must  be  never-ending  ductuations  in  the  mean 
Umpemtore  of  every  zone ;  and  that  the  chmate  <ii  one  wa  can  no  more 
be  a  type  of  every  other,  than  is  one  of  our  four  seasons  of  all  the  rest.. 

It  has  been  well  said,,  that  the  earth  is  covered  by  an  ocean,  m  the 
uidflt  of  which  are  two  great  islands,  and  many  smaUer  ones ;  for  the 
▼bole  of  the  continents  and  islaqjds  occupy  an  area  scarcely  exceeding 
one-fourth  of  the  whole  superficies  of  the  spheroid.  Now,  according  to 
^is  analogy,  we  may  fairly  speculate  on  the  probability  that  there  would 
"^t  be  usually,  at  any  given  epoch  of  the  past,  more  than  about  one- 
loonh  diy  land  in  a  parttoular  region ;  as,  for  exampki,  near  the  poles, 

•A  fall  con(>i(Icriitron  of  the  effect  of  chang'es  in  physisil  gMgVSpliy  Ctt  the  dli» 
*'^*'Btioo  mi  cxtiactivn  of  epecies  is  given  in  book  lii. 
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or  Iwtween  them  and  tlie  7 5th  parallels  of  N.  and  S.  latitadeb  If,  there 
fore,  at  present  there  should  happen  to  be,  in  both  these  quarters  of  the 

globe,  much  more  than  this  average  proportion  of  land,  some  of  it  in  the 
arctic  recfion  heinn;  nbovc  five  thousand  ft'ct  in  height,  and  if  iti  antarctic 
latituf!">^  a  mountainous  country  li:is  l)cen  found  varying  from  4000  to 
14,'  iret  in  height,  this  alone  aflbrds  ground  for  concluding  that,  in 
the  prt  >ent  state  of  things,  the  mean  heat  of  the  climate  is  below  that 
which  the  earth's  sui  nice,  in  its  more  ordinary  stiite,  would  enjoy.  This 
presumption  is  heightened  when  we  reflect  on  the  results  of  the  recrat 
soundings  made  by  Sir  James  Boss*  in  tbo  Southern  Ocean,  and  coa- 
tmued  for  four  suoeessiye  jears,  eading  1844,  which  seem  to  prove  that 
the  mean  depth  of  the  Atlantio  and  Pacific  is  as  great  as  Laplace  and 
other  eminent  astronomers  had  imagined  ;*  for  then  we  might  look  not 
only  for  more  than  two-thirds  sea  in  the  frigid  zones,  but  for  water  of 
gnwt  depth,  which  could  not  readily  be  reduced  to  the  freezing  point 
The  same  opinion  is  confirmed,  when  we  compare  the  quantity  of  land 
lying  between  the  poles  and  the  30th  parallels  of  north  and  south  lati- 
tude, with  the  quantity  placed  between  those  parallels  and  the  equator  ; 
for,  it  is  clear,  that  we  have  at  present  not  only  more  than  the  usual  de- 
gree of  cold  in  the  polar  regions,  but  also  less  than- the  average  quantity 
ot  heat  within  the  tropics. 

*  For  calcalations  founded  on  astrmiomical  data,  see  Toang's  Nat.  Phil.,  Lect. 
xlviL  ;  Mr».  Somerville's  Cuni.wx  f  Phjai  Sd.,  sect*  14,  p.  110.  Laplaco,  endea* 
voring  to  estimate  the  probable  depth  of  the  ««a  from  some  of  tho  phenomona  of 
tiie  tidcn,  8ay»  of  the  ocean  gooerally,  "  que  sa  profondeur  nioyenne  est  du  in6me 
c»rdrc  que  la  hauteur  mojentie  dcs  coatinens  et  des  isles  nu-dessua  dc  son  niveau, 
hauteur  qui  ne  surpa^se  pas  mille  mfetres  (<S280  ft.)"  Mcc.  Celeste,  tnm.  xl  et 
Syst.  dn  Monde,  p.  254.  The  expression  "  du  m6me  ordrc"  admits  lu  luathennati- 
cul  language  of  considerable  latitude  of  t^ignifiotlioi^  Mid  doet  not  mean  that  the 
doptli  of  Mie  water  below  the  level  of  the  MS  carratpoiids  uukctly  to  the  height 
of  tliL'  l.iod  above  it 

It  appeared  tV(>in  the  obscrvatiotK  of  Sir  .T:ua<-.°i  ]li<'>'*,  cr»mmunicated  to  me  in 
1849,  bv  hiinsi  lC,  un  i  his  fellow- voyager,  Dr.  JosopJi  Hooki-r,  that  in  latitude  l.'i® 
3'  S.,  loiii,ntiKlii  ^o''  14'  W.  (the  island  of  Trinidad,  the  iit;aif  sl  laud,  btjuj^  486 
miles  distant,  luid  bearing  S.  47  W.),  they  wounded  with  a  wei<:ht  of  76  lbs.,  and 
4600  fatlmiii''  of  line,  which  ran  mit  to  the  very  end.  without  fiudiii:.'  In-ttorii 
Here  theruture  in  niid-ocean  tho  depth  txcceileti  "iT.OuO  feet.  Out:  of  8liallo\^?- 
et»t  foundings  ever  obtainetl  in  the  open  »ea  during  the  same  .survey,  struck  bottom 
with  2t'.77  fatiioms.  or  lt',or,2  feet,  latitude  rt:;^  21' S.,  longitude  9^  4'  E.  The 
flurveyoiH  arrived  at  tho  condusioii,  that  at  a  moderate  Ulalauce  from  tho  t^ore, 
the  depth  of  the  great  oceon  always  exceed*  4000  feet. 

Diiriii;  the  Atncrican  survey  in  1849,  a  much  greater  depth,  or  5700  fathoms 
(S4,2U0  leet},  was  sounded  iu  the  Atlantic  by  Lieut.  Walsh,  without  reacliing  tiio 
bottom,  in  iat  81°  69^  N.,  ionj?.  BB^  4S'  W.,  or  between  the  Bermadnt  and  the 
Axore.<».  But  the  deepest  sounditic^a  yut  puMi-lio<l  wire  taken  Oct.  30th  lSfl2.  by 
Capi.  Henry  M.  Deiiham,  It  N.,  who  reached  bottom  at  7706  fathoms (4 6,2Su  feet), 
Ut  AV  long.  87^  A'  W„  the  nearest  land  biding  at  the  mouth  of  the  River 
Plate.  A  Wfi^^ht  of  9  lbs.  was  attache  !  to  the  line,  wiiich  was  one  tonth  of  an  inch  in 
diauietur ;  tho  day  was  calm,  and  the  line  took  9  hours  24  minutes  to  run  OuL 
When  the  bottom  was  struek  the  line  was  raised  60  fathoms,  and  then  allowed  ' 
to  run  out  again.  It  struck  a*,  the  same  point  as  before,  verifying  the  objcrva- 
tioo&  Nevertheless  8omu  experienced  xtirvtiyors  have  remarked  tiiat  the  experi- 
ment would  have  been  more  aatisfsct  >i  y  h.ad  the  weight  been  greater.  The  high- 
est summits  of  the  Himalaya  are  about  -JS.ttOO  feet  ;  the  Pacific,  according  to  tliis 
luaiiding,  is  probably  at  some  points  twice  as  deep  as  the  Himalaya  are  high. 
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PottftoA  ^  iand  and  tea  tohkk  might  product  the  extreme  of  cold  <^ 
wMdk  tke  mrA*9  ttufaee  it  «iMMp<i6fe. — ^To  aimplify  our  view  of  the 
various  ebanges  in  climate^  which  different  combinations  of  geographical 
cirdUDstances  maj  produce,  we  shall  first  consider  the  condltiona  neces* 
aaiy  for  bringiiig  about  the  extteme  of  cold,  or  what  would  have  been 
termed  m  the  language  of  the  old  writers  the  winter  of  the  "  great 
fear/'  or  geological  cycle,  and  afterwards,  the  conditions  requisite  to 
piodace  the  maximum  of  heat,  or  the  summer  of  the  same  year. 

To  b(»;^n  with  the  norihom  hemiaphero.  Lot  us  siipposo  tho<?e  hilh 
of  the  Italian  p«  ninsul;i  and  of  Sicily,  which  are  of  comparatively  mod- 
ern origin,  and  contnin  m  inv  fossil  shells  identical  with  living  species,  to 
subside  again  into  the  sea,  tront  which  thev  have  been  raised,  and  that  an 
extent  of  land  oi  equal  area  and  lieii^fht  (varying  from  one  to  three 
thousand  ftet)  should  rise  up  in  the  Arctic  Ocean  between  Siberia  and 
ibe  north  pole.  In  speaking  of  such  changes,  I  shall  not  allude  to  the 
manner  ia  which  I  conceive  it  possible  that  they  may  be  brought  about, 
nor  of  the  ttnie  required  for  their  accom  pi  ishment^reserving  for  a  future 
occasion,  not  mlj  the  proofs  that  revolutions  of  equal  magnitude  have 
taken  places  but  that  analogous  operations  are  still  in  gradual  progress. 
The  alteration  now  supposed  in  the  physical  geography  of  the  northern 
lepons,  would  cause  additional  snow  and  ice  to  accumulate  where  now 
there  is  usually  an  open  sea ;  and  the  temperature  of  the  greater  part 
of  Europe  would  be  somewhat  lowered,  so  as  to  resemble  more  nearly 
that  of  corresponding  latitude??  of  North  America  :  or,  in  other  words, 
it  ini.,fht  he  necessary  to  travel  about  10°  farther  south  in  order  to  meet 
with  the  same  climate  which  we  now  enjoy.  No  compensation  would 
be  derived  from  the  disappearance  of  land  in  the  Mediterranean  coun- 
tries; but  the  contrary,  since  the  mean  heat  of  the  soil  in  those  lati- 
todes  probably  exceeds  that  which  would  belong  to  the  m\,  by  which 
ws  imagine  it  to  be  replaced. 

Bat  let  the  configuration  of  the  suxface  be  still  farther  varied,  and  let 
tone  large  district  withm  or  near  the  tropics,  such  as  Bivzil,  with  ite 
phins  and  hills  of  moderate  height,  be  converted  into  sea,  while  lands 
of  equal  elevation  and  extent  rise  up  in  the  arctic  circle.  From  thi^ 
change  there  vrould,  in  the  first  place,  result  a  sensible  diminution  of 
tenipemture  near  the  tropic,  for  the  Brazilian  soil  would  no  longer  be 
heated  bv  the  sun  ;  so  that  the  attnospherc  would  be  less  warm,  as  also 
the  noiirhboring  Atlantic.  On  the  otiier  hand,  the  whole  of  Kurope, 
Norlhem  Asia,  and  North  America,  would  be  chilled  by  tlie  enormous 
quantitv  of  ice  and  .^now,  thus  n^enerated  on  the  new  arctic  comment. 
If,  .18  we  have  already  seen,  there  are  now  some  points  in  the  southern 
liemi.vphere  where  snow  is  perpetual  down  to  the  level  of  the  sco,  in 
latitudes  as  low  as  central  England,  such  might  assuredly  be  the  case 
thRMghottt  a  great  part  of  Europe,  under  the  change  of  dreumstances 
ibore  suppos^ :  and  if  at  preset  the  extreme  range  of  drifted  icebergs 
'atlis  Asores,  they  might  easily  reach  the  equator  after  the  assumed 
tltosdoiL   Bui  to  pursue  the  subject  still  farther,  let  the  Himalaya 
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moantatns,  with  the  whole  of  Hindost;in,  sink  down,  and  their  plac  bft 
occupied  by  the  Indian  Ocean,  while  an  equal  extent  of  territory  aivi 
mountJiins,  of  the  same  vast  heitrht,  rise  up  between  North  Greenl md 
and  the  Orkney  Islands.  It  seems  difficult  to  exan;[;erate  the  amount 
to  which  the  climate  of  the  northern  hemisphere  would  then  be  cooled.* 

But  the  refria^eration  brought  about  at  tiie  same  time  in  the  southern 
hemisphere,  would  be  nearly  equal,  and  the  difference  of  temperature 
between  tlie  aretk  and  eqoaicffial  latHttdee  would  not  be  oraeb  greater 
than  at  preseot;  for  no  importaDt  diaturbanoe  ean  occur  m  tbe  elimate 
of  a  partieular  region  without  ita  immediately  afieeting  all  other  lati- 
tudea,  however  remote^  The  heat  and  eold  which  anrronnd  the  globe 
ace  in  a  state  of  oonstaat  and  universal  flux  and  reflux.  The  heated 
and  rarefied  air  is  alwaya  rising  and  flowing  from  the  equator  towards 
the  poles  in  tbe  h^ber  regions  of  the  atmosphere  ;  while  in  the  l^^wer, 
the  colder  air  is  tiowii]^  back  to  restore  the  equilibrium.  That  this  cir- 
culation is  constantly  going  on  in  the  aerial  currents  is  not  disputed  ;  it 
is  often  proved  bv  the  opposite  course  of  ihe  clouds  at  dillerent  hci'jht,'*, 
and  the  fact  has  been  lariher  illustrated  in  a  pfrikirijnr  manner  by  two 
recent  events.  The  trade  wind  eontinually  blows  with  lifreat  force  from 
the  island  of  Bui  bailoes  to  that  of  St.  Vincent ;  notwithstanding;  which, 
during  the  eruption  of  the  volcano  in  the  island  of  St.  Vincent,  ia  1812, 
ashes  fell  in  profuuon  firom  a  great  hdght  in  the  atmosphere  vpoQ 
BarbadoeB.f  In  like  aoanner,  during  the  great  eraptiou  of  Sumhawa, 
in  1816,  ashes  were  carried  to  the  islands  of  Amboyna  and  Baada, 
which  last  is  about  800  miles  east  from  the  site  of  the  volcano.  Yet 
the  sdutheast  monsoon  was  then  at  its  height|  This  apparent  trans- 
position of  matter  against  the  wind,  oonfimied  the  opinion  of  the  exist- 
ence of  a  counter-current  in  the  higher  regions,  which  bad  previously 
rested  on  theoretical  conclusions  only. 

That  a  correspondin<^'  interchange  takes  place  in  the  seas,  is  demon- 
strated, according  to  Humboldt,  by  the  c(»ld  which  is  found  to  exist  at 
great  depths  within  tin-  tropics;  and.  nmuni*'  other  proofs,  mnv  be  men- 
tioned the  mass  of  w.umer  water  which  the  Gulf  stream  is  con^Laully 
bearing  nortliw.iids,  while  a  cooler  current  flows  from  the  north  along 
the  coast  of  Greeulaud  and  Labrador,  aud  iielps  to  restore  the  equi- 
librium.§ 

*  Mr.  Hopkins,  reasoning  on  data  fumidied  by  Dove's  Isothermal  maps,  has 
•iriTed  at  the  very  interesting  conclusioa,  that  both  on  Snowdoo  and  the  lower 

mo»intains  of  the  West  of  Ireiand  the  pnow-h"ne  would  dc-rond  to  within  lUOO 
feet  uf  the  soa  level,  aiui  glaciers  reach  the  sea,  if  we  could  esiuiply  atkaumu  the 
three  f«)llowing  geographical  chanii^es:— 

lat,  Tlie  div(.r;*i«)n  of  the  Qulf  stream  from  its  present  northerly  course  ;  2dly, 
the  depression  <>f  tho  existing  land  uf  Is'urihcrn  and  Western  Europe,  to  the 
imoQnt  of  no  more  than  500  feet ;  and  3dly,  a  cold  current  from  the  North  sweep* 
ing  over  tbe  submerged  area.    Quart.  Journ.  Q«oL  8oa         pt  86. 

♦  DaoicH's  Meteorological  Essays,  p.  103. 
I  Observed  by  J.  Crawfurd,  Esq. 

1^  In  s]>eakiDg  of  the  circulati'Mi  of  air  and  water  in  this  chapter,  no  allasioo  is 
made  to  the  tnde  windflt  or  to  irregolAritiee  ia  the  directiou  of  curreats^  caueed 
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CnncDtB  of  Gdder  and  therefore  speeifieally  beavier  water  paas  trtm 
tht  poles  towards  the  equator,  which  cool  the  inferior  parte  <tf  the 
oceao ;  so  that  the  hent  of  the  torrid  zone  and  the  oold  of  the  polai 

cuele  balance  each  otlier.  The  refrigeration,  therefore,  of  the  polar  re- 
^ons,  resulting  from  the  supposed  alteration  in  the  distribution  of  land 
and  sea,  wouhi  be  immediately  oommunicnted  to  the  tropica,  and  from 
thcm'Tts  inliuence  would  extend  to  the  antarctic  circle,  where  thf  ntmos- 
pbere  and  the  ocean  would  be  cooled,  so  that  ice  aad  snow  would  aug- 
ment. Although  the  menn  temperature  of  higher  latitudes  in  the 
lOUlberD  hemisphere  is,  hh  before  stated,  for  the  most  part,  lower  than 
tint  of  the  same  pandlek  in  the  northern,  yet,  for  a  considerable  space 
ooeaeh  tide  of  the  line,  the  meen  fimraal  heat  of  the  waters  is  found 
to  be  the  sane  in  ooimponding  parallels.  If,  thetefon»  by  the  new 
povtity  of  the  land,  the  formatioo  of  ioebei^gs  had  beeome  of  oonmon 
oeeoneaoe  in  the  northern  temperate  «me,  and  if  these  were  frequently 
drifted  t»  far  as  the  equator,  the  same  degree  of  oold  which  they  gener- 
ated weald  iounediately  be  commuoieated  as  Cur  as  the  tiopio  Oapri^ 
eom,  and  from  thence  to  the  lands  or  ocean  to  the  south. 

Tbe  freedom,  then,  of  the  circulation  of  heat  and  cold  from  pole  to 
pole  being  duly  considered,  it  will  be  evident  that  the  mean  tempera- 
ture which  ni;iy  prevail  at  the  same  point  at  t%vo  distinct  periods,  may 
differ  far  more  wwielv  than  that  of  any  two  points  in  the  same  parallels 
of  latitude,  at  one  uud  the  same  period.  For  the  range  of  temperature, 
or  in  other  words,  the  curvature  of  the  isothermal  lines  in  a  given  zone, 
•ad  at  a  given  period,  must  always  be  curcumscribed  within  narrow 
Ssntik  the  climate  of  each  place  in  that  aone  being  controlled  by  the 
eonbiaed  influenoe  of  the  geographical  peculiarities  of.  all  other  parts 
ef 'the  earth,  Whereasy  if  we  compare  the  state  of  things  at  two  dis*. 
tinet  and  smoewhat  dbtant  epochs*  a  particular  lone  may  at  one  time 
be  undo'  the  influence  of  one  dasa  of  disturbing  causes,  and  at  another 
tine  may  be  affected  by  an  opposite  combination.  The  lands,  for  ex- 
ample,  to  the  north  of  Greenland  cause  the  present  climate  of  North 
Amenca  to  be  colder  than  that  of  Europe  in  the  same  latitudes  ;  but 
the  excess  of  cold  is  rnf  so  great  as  it  would  have  been  if  the  western 
hemisphpre  had  been  entirely  isolated,  or  separated  from  the  eiist^rn 
like  a  distinct  pl<Miet.  For  not  only  does  the  refrigtratiun  pn  durcd  by 
Greenland  chill  to  a  ceriam  extent  the  atmosphere  of  northern  and  west- 
em  Europe,  but  the  mild  climate  of  Europo  reacts  also  upon  North  Amer- 
Ks,  and  moderates  the  chilling  influence  of  the  adjoining  polar  lands. 

To  return  to  the  state  of  the  earth  after  the  changes  above  soppceed^ 
uemust  not  omit  to  dWell  on  the  important  efiecta  to  which  a  wide 
eipBBM  of  perpetual  snow  would  give  lise.  It  is  probable  that  neariy 
tbe  whole  sea,  from  the  poles  to  Uie  parallels  of  45^  would  be  froien 
oier ;  for  it  is  well  known  thai  the  immediate  proiimity  of  land  is  not 

hj  the  rotaiy  motioo  of  the  earth.  These  cauaes  prevent  the  moTcments  from 
MBK  direct  firom  north  to  •outb,  or  frum  toath  to  notth,  bat  thay  do  not  slfact 
tkOMryttf  a  eonstaot  cireiilation. 
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eaeential  to  the  formation  and  mcrease  of  field  iee,  provided  there  be  in 
some  part  of  the  tame  zone  a  sufficient  quantity  of  glaciers  generated 
on  or  near  the  land,  to  eool  down  the  sea.  Captain  Scoresbj,  in  his 
aeoount  of  the  aretic  regions,  obs^es.  that  when  the  aan'a  rays  "  fall 
upon  the  snow-clad  surface  of  the  ice  or  land,  they  are  in  a  great  naeas- 
iiro  r('f1*^ctpd,  without  producing  any  mnterial  elevation  of  temperature  ; 
Imt  1p  n  they  impinge  on  the  black  exterior  of  a  sliip,  the  pitch  on 
one  side  occasionally  becomes  fluid  while  ice  is  rapidly  generated  at 
the  other."* 

Now  field  ice  is  almost  always  covered  with  snow  ;f  and  thus  not 
only  land  as  extensive  as  our  existing  continents,  but  immense  tracts  of 
■ea  in  the  frigid  and  temperate  xones,  r.  ght  preeent  a  solid  smfaco 
covered  with  snow,  and  reflecting  the  smi's  mys  for  the  greater  part  of 
the  year.  "Within  the  tropics,  moreover,  where  the  ocean  now  pre- 
dominates, the  sky  would  no  longer  be  serene  and  clear,  aa  in  the  pres- 
ent  em;  but  masses  of  floating  ice  would  cause  quick  condensations  of 
vapor,  so  that  fogs  and  clouds  would  deprive  the  vertical  rays  of  the 
sun  of  half  their  power.  The  whole  planet,  therefore,  would  receive 
annually  a  smaller  portion  of  the  solar  influence,  and  the  external  crust 
would  pfirt,  by  radiation,  with  some  of  the  heat  which  had  been  accu- 
mulated in  It,  durinL'  h  difTen'nt  '^tate  of  the  surface.  This  heat  would 
be  diRsipat«'d  m  the  spaces  surrounding  our  atmosphere,  which,  accord- 
iog  to  the  calculations  of  M.  Fourier,  have  a  temperature  much  inferior 
to  that  of  freezing  water. 

After  the  geographical  revolution  above  assumed,  the  climate  of 
eqainoctial  lands  might  be  brought  at  last  to  resemble  that  of  the  pres- 
ent  temperate  lone,  or  perhaps  be  far  more  wintry.  They  who  should 
•then  inhabit  such  small  Isles  and  coral  reefs  aa  are  now  seen  in  the 
Indian  Ocean  and  South  Pacific,  would  wonder  that  aoopfaytes  of  lai^ 
dimensions  had  once  been  so  prolific  in  their  seas ;  or  if,  perchance, 
they  found  the  wood  and  fiyiit  of  the  cocoa-nut  tree  or  the  palm  silici* 
tied  by  the  waters  of  some  ancient  mineral  spring,  or  incrusted  with 
calcareous  matter,  they  would  muse  on  the  revolutions  which  had  anni- 
hilated such  g;(>nera,  and  replaced  them  by  the  oak,  the  chestnut,  and 
tiie  pine.  With  equal  ndmirnfion  would  they  compare  the  skeletons  of 
their  small  li/ards  with  tli-  buries  of  fossil  alliu;ators  and  crocodiles  more 
than  twenty  feet  in  lenL,riii,  which,  at  a  former  epoch,  hiid  multiplied 
between  the  tropics :  and  when  they  saw  a  pine  included  in  an  iceberg-, 
drifted  from  latitudes  which  we  now  call  temperate,  they  would  be  aii- 
tonbhed  at  the  proof  thus  afforded,  that  forests  had  once  grown  where 
nothing  could  be  seen  in  their  own  times  but  a  wilderness  of  snow. 

If  the  reader  hesitate  to  suppose  so  extensive  an  alteration  of  temper- 
ature aa'  the  probable  consequence  of  geogiapbical  changes,  confined  to 
one  hemisphere,  he  should  remember  how  great  are  the  local  anomafiea 
in  climate  now  resulting  from  the  peculiar  distribution  of  land  and  sea 

*  See  Seiweby's  Aretio  Rsgirai^  vol.  I  p.  816.  f 
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in  certain  regions.  Thus,  in  the  island  of  South  Geoigia»  belbfe  men- 
tboed  (p.  98),  Captam  Cook  found  the  ererUsting  snows  defending 
fo  the  level  <^  tlie  8ea»  between  lat  64®  and  55*^  S. ;  no  trees  or  shrubs 
were  to  be  seen,  and  in  summer  a  few  rocks  only,  after  a  partial  melt- 
ing of  the  ice  and  snow,  werr-  'scantily  covered  witli  moss  and  tufts  of 
^rass.  If  such  a  climate  can  now  exist  at  the  level  of  the  sea  in  a  lati- 
tude corre^pondinrr  to  that  of  Yorksliire  in  spite  of  all  those  ecjualizinj^^ 
cause's  bilure  enumerated,  hy  which  the  mixture  of  the  temperatures  of 
distant  regions  is  facilitated  thronghout  the  <jlobe,  what  rie^ors  might 
we  not  anticipate  in  a  winter  generated  by  the  traosfer  of  the  luountaina 
of  India  to  our  arctAC  circle ! 

Bnt  we  have  ttOl  to  eontemplate  the  additional  refiigentkni  wbwh 
might  be  eflfected  bj  changes  in  the  retative  pontion  of  land  and  aea  in 
the  sentfaem  bemkpbere.  If  the  remaining  continents  were  tt.ansferred 
from  the  eqnatqiial  and  oontiguoua  latitudes  to  the  south  polar  regions, 
the  intensity  of  cold  prodnceid  migfa^  perhaps,  render  the  globe  vnin- 
kiloitable.  We  are  too  ignorant  of  the  laws  govembg  the  direction  of 
subterrsDean  forces,  to  detemune  whether  sneh  a  crisis  be  within  the 
.  limits  of  possibility.  At  the  same  time,  it  may  be  observed,  that  no 
distribution  of  land  can  well  be  imagined  more  irregular,  or,  as  it  were, 
capricious,  than  that  which  now  prevails  ;  for  at  present,  the  globe  may 
be  divided  into  two  equal  parts,  in  such  a  manner,  that  one  hemisphere 
shall  be  almost  entirelv  covered  with  water,  while  the  other  shall  con- 
tain less  water  Lhau  l.mJ  (see  ^gn.  3  and  4);*  and,  what  is  still  more 
feitraordinary,  on  comparing  the  extratropical  lands  in  the  northern  and 
loothem  hemispheres,  the  lands  in  the  northern  are  found  to  be  to  tho^e 
b  the  sonthem  in  the  proportion  of  thirteen  to  one  !f  To  onsgine  all 
tlie  lends,  tberefotc^  in  high,  and  all  ihe  sea  in  low  latitudes,  as  deline- 
atsd  in  fig,  C,  p.  Ill,  would  scarcdy  be  a  more  anomalous  state  of  the 
larfue. 

PotUUm  cf  land  and  ua  vhkh  miffht  give  rite  id  Ihe  extnme  ofhtat. — 
Iiet  us  now  turn  from  the  contemplation  of  the  winter  of  the  "  great  year,'* 
>im1  oonsider  the  opposite  train  of  circumstances  which  would  bring  on 
the  spring  and  summer.  To  imagine  all  the  lands  to  be  collected  to- 
gether hi  equatorial  latitudes,  and  a  few  promontories  only  to  project 

*  ThU  ia  shown  by  projectkfg  a  map  on  the  horizoo  of  London,  that  u  to  aay, 
by  mjppoaing  tlie  eye  or  tM  obaerrw  to  be  placed  above  that  cit]r,  and  to  «ee  Aram 
toeoc'.'  one  half  of  tbe  globe.  For  it  so  h,i|)|).-iM  (li.it  fnnu  that  point,  and  do  oiIilt, 
We  ibould  behold  the  greatest  possible  quiiotity  of  land ;  and  if  we  are  then  trail** 
fwnd  to  tbe  opposite  or  antipodal  point,  weahonld  see  the  greatest  possible  quan< 
tiiy  of  water.  (Slm'  fi^'-i.  ?,  aiivl  4.)  A  singuliir  fact,  first  poinfr<i  out  l«y  Mr.  Jamea 
Gardner,  Munely,  Utat  ooly  one  tweoty-aerenth  part  of  the  dry  land  has  any  huid 
J1>pMite  to  it,  is  iotinuitely  eoimeeted  with  this  ezmaa  of  Imd  in  one  of  tbe  two 
nemi-ph-res  above  allu<led  to  Thus,  in  fi^.  3,  the  land  ^liaJ.  il  black  Id  j«art  o( 
(^hioa  aoswera  to  that  portion  of  the  extremitr  of  South  America  and  Tierra  del 
Vtep*  wUeh  is  opporite  or  antipodal  to  it,  whibt  the  dark  spots  in  the  northern 
Md  c.  titrj  parts  of  South  America  represent  Borneo.  Sumatra,  and  other  antijK*- 
dsl  iaiaads  in  the  Eastern  ArchipelagOi  See  Oardaer,  OeoL  Soc^  Proceedings 
IWI,  »ol  i  p.  488. 
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Map  allowing  the  present  unequal  Distribution  o(  Land  and  Watu  on  the 

Surface  of  the  Olobk. 


/ 
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fV  8.  ITcre  Lnndnn  \»  taken  M  a  c«ntre,  and  we  behold  the  greatest  qoantitf  of  land 

OAisUng  In  Olio  he(ui8|tb(\re. 

Fif.  4.  ITere  Uie  centre  is  the  antfpodiU  point  to  London,  and  we  («e  the  grcitaal 
quantity  of  water  exlsUog  In  one  bemispUcreL 

The  blMk  ahadlng  exprcasea  land  having  land  opposite  or  antipodal  to  It 
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Majts  sbowii^  the  position  of  Land  and  Szx  which  might  produce  tho  Fjrtr«mc« 
of  Heat  and  Coli>  iu  tho  Climates  of  the  O  Loait. 

Fig.  5. 


Extreme  of  Cold. 


OasnvATtoini. — Th«s«  maps  are  Intended  to  nhow  that  continents  and  islands  havintr  the  same 
tb»|ie  and  rrlatlve  dimtrnMotia  aa  thuse  now  existing,  might  be  placed  ao  as  to  occupy  either  th« 
•qiutorial  or  [>olar  r«gion«. 


In  fl|;.  .\  scarcely  any  of  the  land  extends  from  the  eqnator  towards  the  poles  beyond  the  Rnik 
rarallel  of  latitade;  and  tig.  6,  a  very  small  proportion  of  it  extends  from  the  polea  towards  the 
Iqnalor  beyond  tb«  iOth  parallel  of  latitude. 
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beyond  the  thiriieth  par  illfl,  as  represented  in  thn  annexed  maps  (fig«. 
6  and  6),  would  be  iindoubtedlv  to  suppose  an  extreme  result  of  cfeo- 
logical  change.  But  if  we  consider  a  mere  approximation  to  such  a  slate 
of  things,  it  would  be  sufficient  to  cause  a  general  elevation  of  tempera- 
ture. Nor  cau  it  be  regarded  as  a  visionary  idea,  that  amidst  tlie  revo» 
lutioiis  of  the  earth's  sor&ce,  the  quantity  of  land  should,  at  oertaia  pe* 
nods,  haye  been  sinraltaiMoiislj  lessened  in  the  vicinity  of  both  the  poles, 
and  increased  within  the  tropics.  We  must  recollect  that  e?ea  now  it 
b  necessary  to  ascend  to  the  height  of  fifteen  thousand  feet  in  the  Andes 
under  the  Hne^  and  in  the  Himalaya  mountains,  which  are  without  the  tropic, 
to  seventeen  thousand  feet,  before  we  reach  the  limit  of  perpetual  snow. 
On  the  northern  slope,  indeed,  of  the  Himalaya  range,  where  the  heat  ra- 
diated from  a  c^reat  continent  moderates  the  cold,  there  are  meadows  and 
cultivated  land  at  an  elevation  equal  to  the  heiijlit  of  Mon^  Blanc*  If  then 
there  were  no  arctic  lands  to  chill  the  atmosphere,  and  freeze  the  sea,  and 
if  the  loftiest  chains  were  near  the  line,  it  seems  reiisonable  to  imagine  that 
the  highest  mountains  might  be  clothed  with  a  rich  vegetation  to  thi-ir 
6ummit«i,  and  that  nearly  all  signs  of  frost  would  disappear  from  the  earth. 

When  the  absorption  of  the  solar  rays  was  in  no  region  impeded,  even 
in  winter,  by  a  coat  of  snow,  the  mean  heat  of  ^the  earth's  crust  would 
augment  to  considerable  depths,  and  springs,  which  we-  know  to  he  in 
general  an  index  of  the  mean  temperature  of  the  dimate,  would  he 
warmer  in  all  latitudes.  The  waters  of  lakes,  therefore,  and  livers, 
would  be  much  hotter  in  winter,  and  would  be  never  chilled  in  waamer 
by  melted  snow  and  ice.  A  remarkable  uniformity  of  climate  would  pre* 
vail  amid  the  archipelagoes  of  the  temperate  and  polar  oceaiM,  where  the 
tepid  waters  of  equatorial  currents  would  freely  circulate.  The  general  hu- 
midity of  the  atmosphere  would  far  exceed  that  of  the  present  period,  for 
increased  heat  would  promot<^  evaporation  in  all  parts  r.f  the  globe.  The 
winds  would  be  first  heated  iti  their  passage  over  the  tropical  plains^and 
M'ouid  then  trather  moisture  from  the  surface  of  the  deep,  till,  chargt^d  with 
vapor,  the}  arrived  ai  extreme  norliiem  and  southern  regions,  and  there 
encountering  a  cooler  atmosphere,  discharged  their  bui'den  in  warm  nun. 
If,  during  the  long  night  of  a  polar  winter,  the  snows  should  whiten  the 
summits  of  some  arctic  islands,  they  would  be  dissolved  as  rapidly  by  the 
returning  sun,  as  are  the  snows  of  Etna  by  the  blasta  of  the  sirocco. 

We  learn  from  those  who  have  studied  the  geographical  distribution  of 
plants,  that  in  very  low  latitudes,  at  present,  the  vegetation  of  small  ishmds  re- 
mote from  continents  has  a  peculiar  character;  the  ferns  and  allied  families, 
in  particular,  bearing  agreat  proportion  to  the  total  number  of  other  plants. 
Other  circumstances  being  the  same,  the  more  remote  the  isles  are  from 
the  continents,  the  greater  does  this  proportion  become.  'Phusj'n  the  con- 
tinent of  India,  and  the  tropical  ])ai  ts  of  i^ew  Holland,  the  prcjportion  of 
ferns  to  the  pliEeiiogamous  plants  is  only  as  one  to  twenty-six  ;  whereas, 
in  the  South  Sea  lsh\nds,  it  is  as  one  to  four,  or  even  as  one  to  threo.f 

*  Humboldt,  Tableaux  de  la  Nature,  tono.  I  p.  112. 

t  AdBfoi)giiiart,Qooiid.GteMM  aur  la  Nat  de  k  V^^t.  &e.  Ann.  dee  ScienoM 
Kai,  Not.  1888. 
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We  might  expect,  therefore,  in  the  rammer  of  tbe  "great  )*nr»"  or 
ejcle  of  climate,  that  there  would  be  a  predominance  of  tree  ferns  and 
plants  allied  to  genera  now  called  tropical,  in  the  islands  of  the  wide 
ocean,  while  many  forms  now  confined  to  arctic  and  temperate  rpn^jons, 
oronl?  found  near  tho  equator  on  the  summit  of  the  loftiest  mountains, 
would  almost  (I isjippi-ar  from  the  earth.  Then  might  those  irj-nera  of 
animals  return.  <>(  which  the  memorials  are  preserved  in  the  ancient  rocks 
of  our  coniiiu  iits.  The  pterodactyle  might  Hit  arjain  throujrh  the  air, 
the  huge  iguunodon  reappear  in  the  woodj>,  and  tlie  ichthyosaurs  swarm* 
ODce  more  in  the  sea.  Coral  reefs  might  be  prolonged  again  beyond 
tte  aiieUtt  ebele,  where  the  whale  and  the  narwal  now  abonod ;  and 
drmt  of  tmtlea  might  begin  agtun  to  wander  through  region^  now  ten* 
iBled  bj  the  walrus  and  tibe  ftal. 

But  not  to  mdnlge  too  far  in  these  speeulatknSy  I  may  ohserre,  in 
concluaon,  that  however  great*  during  the  Uipse  of  ages,  may  be  the 
vimitodes  of  temperature  in  every  zone,  it  accords  with  this  theory  that 
the  general  climate  should  not  eiperience  any  sensible  change  in  the 
course  of  a  few  thousand  years  ;  because  that  period  is  insufficient  to 
affect  the  It  adinfr  features  of  the  phvsi'vil  geoL'Taphy  of  the  globe. 

Notwithstanding  the  apparent  uncertamty  of  the  seasons,  it  is  found 
thai  tlie  mean  temperature  of  particular  localities  is  very  constant,  when 
observations  made  for  a  sufficient  series  of  years  are  compared. 

Yet  there  must  be  exceptions  to  this  rule  ;  and  even  the  labors  of 
Bin  baye,  by  the  drainage  of  lakes  and  marshes,  and  the  felling  of  ex- 
toBre  forests,  caused  nich  ehanges  in  the  atmospl^re  as  greatly  to  raise 
osr  eoDception  of  the  more  important  influence  of  those  forces  to  which, 
is  eertaia  latitudes,  even  the  eiistence  of  land  or  water,  hiU  or  valley, 
Ue  or  aes,  most  be  ascribed.  If  we  possessed  accurate  information  of 
the  amount  of  iocal  fluctuation  in  elunate  in  the  eonne  of  twenty  oen- 
tsriet,  it  would  often,  undoubtedly,  be  considerable.  Certain  tracts,  for 
example,  on  the  coast  of  Holland  and  of  England  consisted  of  cultivated 
hnd  in  the  time  of  the  Romans,  which  the  sea,  by  graduid  encroach- 
meius,  h:i!s  at  length  occupied.  Here,  at  least,  a  slight  alteration  has 
b^fn  ♦  ffHotcd  ;  for  neither  iho  distribution  of  heat  in  the  different  seasons, 
north*;  mean  anniinl  ff  lu]*  r  ume  of  the  atmosphere  investing  the  sea,  is 
precisely  the  same  jis  that  wliu-h  rests  upon  the  land. 

In  tho&e  coutjtries,  also,  vliere  earthquakes  and  volcanoes  are  in  full 
•*B''ty,  a  much  shorter  period  m.iv  pruiJuce  a  sensible  variation.  The 
*™IW«of  the  great  tiible-land  of  Malpais  in  Mexiyo,  must  differ  mate- 
n>%fion  that  which  prevailed  before  the  middle  of  the  last  century ;  for, 
■tiwe  that  time,  six  mountains,  the  highest  of  them  lisuig  sixteen  hun- 
dred feet  above  the  platean,  Iwv^  been  thrown  j  by  volcanic  emptioos. 
It  is  b^  the  repetitioii  of  an  indefinite  number  of  such  local  revolutions, 
and  hj  slow  movements  extendmg  aonultaneously  over  wider  areas,  as 
^  afterwards  shown,  that  a  general  change  of  climate  may  finally 
^bcoi^  about 
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OF  TOBHBE  0HAV0V8  XK  PHmOAI*  OXOaSAVHT  AHD  OUMATB. 

OeogTAphicnl  features  of  the  nnrthem  hcmUphere,  at  the  pertrvf?  of  the  oldest  foi*- 
wliferoua  strata — State  of  the  surfncc  "when  the  mouiuain  limestone  and  coal 
vrere  deposited — Changes  iu  phybioal  geu^^rapiiy,  betweco  the  carboniferoai 
period  ind  the  chalk — ^Abrupt  tnuirition  from  the  Mooodarjr  to  tb«  tortiaiy  fo*> 
aUa — Ac(!fe88ioD  of  land,  ar  1  >  Irvation  of  motintain  ehiiiD>i|  Hiler  the  eonnolida- 
tion  of  the  secondary  rocks — P^xplanntion  of  Map,  showing'  the  area  eovprcd  bv 
sea,  since  the  comroeooement  of  the  t«rtiary  period — Aslronumical  theorie-i  of 
the  causes  of  variations  in  climate — ^Theory  of  the  diminution  of  tite  supposed 
jmnitive  heat  of  the  globe. 

In  the  sixth  eb^ter,  I  stated  the  arguments  derived  from  organic  re- 
mains for  concluding  that  in  the  peiiod  when  the  carboniferous  strata 
wero  deposited,  the  temperature  of  the  ocean  and  the  air  was  more  uni- 
form m  the  different  seasons  of  the  year,  and  in  different  latitudes,  than 
at  present,  and  that  tliere  was  a  remarkable  absence  of  cold  as  well  ,is 
great  moisture  in  the  atniospliere.  It  was  also  shown  (bat  the  chmate 
had  been  modified  more  than  once  since  that  epoch,  a:id  that  it  had  been 
reduced,  by  succci>sive  changes,  more  and  more  nearly  to  tliat  now  pre- 
▼aihng  in  the  same  latitudes.  Farther,  I  endeavored,  in  the  last  chap- 
ter, to  prove  that  viciasitudes  id  climate  of  no  less  importance  may  bo 
expected  to  recur  in  future,  if  it  be  admitted  that  causes  now  active  in 
nature  have  pow^,  m  the  lapse  of  f^es,  to  produce  considerable  varta- 
(ions  in  the  relative  position  of  land  and  sea.  It  remains  to  inquire 
whether  the  alterations,  which  the  geologbt  can  prove  to  have  aetualfy 
tah  n  place  at  former  periods,  in  the  geographical  features  of  the  northern 
bemisphere,  coincide  in  their  nature  and  in  the  time  of  their  occurrence, 
with  such  revolutions  in  climate  as  might  naturally  have  resulted,  ac- 
cording to  the  meteorolofTical  principle'^  nirfady  explained. 

Period  of  the  priinm'if  fossiiifi  rous  rwks. — The  <'>](le.^t  svstem  of  strata 
which  atford  by  their  organic  remains  anv  evidence-  as  to  climate,  or  the 
former  position  of  land  and  sea,  are  those  formerly  known  as  the  tran- 
tiiion  rocks,  or  what  have  since  been  termed  Lower  Siluntu  or  "pri- 
mary fossiliferous"  formations.  These  have  been  found  in  England, 
France,  Ctomai^,  Sweden,  Rustna,  and  other  parts  of  c^tral  and  ncnrth- 
em  Europe,  as  also  in  the  great  Lake  district  of  Canada  and  the  United 
States.  The  multiloeular  or  chambered  univalves,  including  the  Nanti* 
lus,  and  the  corals,  obtained  from  the  limestones  of  these  ancient  groups, 
have  been  compared  to  forms  now  most  laigeljr  developed  in  tropical 
seas.  The  corals,  hoi^ever,  have  been  shown  by  M.  Milne  Edwards  to 
differ  generally  from  all  living  loophytes ;  so  that  conclusions  as  to  a 
mmner  climate  drawn  from  such  remote  analogies  must  be  received  with 
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caution.  Hitherto,  few,  it  any,  contemporaneous  vegetable  reni  iins  have 
been  noticed ;  but  such  as  are  mentioned  agree  more  nearly  with  the 
plants  of  the  carboniferous  ei-a  than  any  other,  and  would  therefore 
imply  a  warm  and  humid  atmosphere  entirely  free  from  intense  cold 
throughout  the  year. 

Thb  abaenoe  or  great  aoaroitjof  planU  m  well  as  of  frahwater  aheHt 
ad  odier  indicatioas  of  ndglibonDg  Iaod»  coupled  with  the  wide  eitent 
d  mm  atiata  of  this  age  m  Europe  and  North  Ameriea,  are  fiusta 
vUeh  imply  such  a  state  of  phynoa]  geography  (so  far  at  least  as  re- 
gards the  northern  hemisphere)  as  would,  aeoordbg  to  the  prineiplea 
before  explained,  give  rise  to  aueh  a  moist  and  equable  c]inia|e.  (See  p. 
109,  and  6g.  5,  p.  111.) 

Carboniferous  group. — This  group  comes  next  in  the  order  of  succes- 
«on ;  and  one  of  its  principal  members,  the  mountain  limestone,  was 
evidently  a  manne  formation,  as  is  shown  by  the  shells  and  corals  which 
it  contains.  That  the  ocean  of  that  period  was  of  considerable  extent  in 
oar  latitudes,  we  may  infer  from  the  continuity  of  these  calcareous  strata 
over  large  areas  in  Europe,  Canada,  and  the  United  States.  The  same 
gToop  has  also  been  traced  in  North  America,  towards  the  borders  of 
tiKsretieiea,* 

There  are  also  sereral  regions  in  Scotland,  and  in  the  eentral  and 
vrthera  ports  of  England,  as  well  as  in  the  United  States,  where  ma- 
lini  eaihooiferouB  limestones  alternate  with  strata  eootauiing  coal,  in  such 
a  manner  as  to  imply  the  drifting  down  of  plants  by  rivers  into  the  sea» 
ud  the  alternate  occupation  of  the  same  space  by  ifresh  and  salt  water. 

Since  the  time  of  the  earlier  writers,  no  strata  have  been  more  exten- 
sivelr  investigated,  both  in  Europe  and  North  America,  than  those  of 
the  ancient  carboniferous  Lrroup,  and  the  progress  of  science  has  led  to 
"general  belief  that  a  large  portion  of  the  purest  coal  has  been  formed, 
not,  as  was  once  imacrined,  bv  vetjetable  matter  floated  from  a  distfiTu-f, 
but  by  plants  which  grew  on  the  spot,  and  soaiLwhat  in  the  manner  of 
P«at  on  the  spaces  now  covered  by  the  beds  of  coaL  The  former  ex- 
of  land  in  some  of  these  spaces  has  been  proved,  as  already 
*>ted,  by  the  occurrence  of  numerous  upright  fossil  trees,  with  their 
nota  termioating  downwards  in  seams  of  coal ;  and  still  more  generally 
I7  die  roots  of  trees  (stigmarise)  remaimng  in<  thdr  natural  position  in 
dw  days  which  underlie  almost  every  layer  of  coal. 

As  lone  nearly  continuous  beds  of  such  coal  have  of  late  years  b^ 
^"•wd  m  North  America,  over  areas  100  or  200  miles  and  upwards  in 
diameter,  it  may  be  asked  whether  the  large  tracts  of  ancient  land  im- 
plied by  thb  fact  are  not  inconsistent  with  the  hypothesis  of  the  general 
prevalence  of  islands  at  the  period  undfT  consideration  ?  In  r«'ply,  I 
may  observe  that  the  coal-tields  must  oriuin  illv  hrive  been  low  alluvial 
grounds,  resembling  in  situation  the  cypress-swamps  of  the  Mississippi, 
or  'the  sunderbuods  of  the  Ganges,  being  liable  like  them  to  be  inun* 


*  8h  J.  Ricbardsoo,  Proceediogs  of  OeoL  Soc  No.  7,  p.  68,  March,  1828. 
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dated  at  oertain  periods  by  a  river  or  by  the  aea,  if  tlie  land  should  be 

depressed  a  few  feet.  All  the  phenomena,  organic  and  inorganic,  imply 
conditions  nowhere  to  be  met  with  except  in  the  deltas  of  hr^<'  rirera^ 
We  have  to  account  for  an  abundant  supply  of  fluviatile  sediment,  car- 
riod  for  a<(ea  towards  one  and  the  Rame  n-irion,  and  capublo  of  forming 
strata  of  mud  and  sand  thousands  of  fci-t,  <>r  even  f.itliom^.  m  ( liirknr'^s\ 
many  of  thera  consisting  of  laminated  shale,  inclosing  the  leaves  of  lems 
other  terrestrial  plants.  We  have  also  to  explain  the  frequent  in- 
tercalations of  root-beds,  and  the  interposition  here  and  there  of  brack- 
ish  and  marine  deposits,  demonstraUng  the  occasional  presence  of  the 
neighboring  sea.  But  these  forest-oovered  deltaa  conld  only  have  been 
formed  at  the  tenmnatbn  of  large  hydrographieal  basins,  eaeh  drained 
by  a  great  river  and  its  tributaries ;  aiid  the  accumulatkm  of  sedfaneni 
bean  testimony  to  oontemponneons  denudation  on  a  loige  sea]e»  and» 
therefore^  to  a  wide  area  of  land,  probably  oontaining  within  it  one  or 
more  mountain  chains. 

In  the  case  of  the  great  Ohio  or  Appalachian  coal-field,  the  Ui^gest 
in  the  world,  it  seems  clear  that  the  uplands  drained  by  one  or  more 
great  rivers  were  chiefly  to  the  eastward,  or  they  occupied  a  space  now 
filled  by  part  of  the  Atlantic  Or*'an,  for  the  mechanic4il  deposits  of  mud 
and  sand  increase  greatly  in  tliiokness  and  coarseness  of  material  as  we 
nppiuach  tht^etustern  borders  ul  the  coal-field,  or  the  fioutlieast  flanks 
of  the  Alleghany  mountains,  near  Philadelphia.  In  that  region  iiuuier- 
ous  beds  of  pebbles,  often  of  the  size  of  a  ben's  egg,  are  seen  to  alter- 
nate with  beda  of  pure  eoal. 

But  the  American  eoal-fields  are  all  comprised  within  the  SOUi  and 
50th  degrees  of  north  latiUide ;  and  there  is  no  reason  to  presume  that 
the  lands  at  the  borders  of  which  they  originated  ever  penetrated  so  far 
or  in  such  masses  into  the  colder  and  arctic  regions,  so  as  to  generate  a 
cold  climate.  In  the  southern  hemisphere,  where  the  predominance  of 
sea  over  land  ife  now  the  distinguishing  geographical  feature,  we  never- 
theless find  a  large  part  of  the  continent  of  Australia,  as  well  as  New 
Zealand,  placed  between  the  30th  and  60th  degrees  of  S.  latitude.  The 
two  islands  of  >iew  Zealand  taken  together,  are  between  800  and  900 
miles  in  length,  with  a  breadth  in  some  parts  of  ninety  miles,  and  they 
stretch  as  far  south  as  the  46th  degree  of  latitude.  They  afford,  there- 
fore, a  wide  area  for  the  growth  of  a  terrestrial  vegetation,  and  the  bot- 
any of  this  region  is  characterised  by  abundance  of  ferns,  one  hundred 
and  forty  species  of  which  are  already  known,  some  of  them  attainuig 
the  sise  of  trees.  In  this  respect  the  southern  shores  of  Kew  Zealand 
in  the  40th  degree  of  hititude  almost  vie  with  tropical  islands.  Another 
point  of  resemblance  between  the  Flora  of  New  Zealand  and  that  of  the 
an  irf  t  carboniferous  period  is  the  prevalence  of  the  fir  tribe  or  of 
coaifeFOQS  wood. 

An  argument  of  some  weight  in  corroboration  of  the  theory  above 
explained  respecting  the  geographical  condition  of  the  temperate  and 
arctic  latitudes  of  the  aortbem  hemisphere  in  the  carboniferous  period 
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may  also  be  derived  from  an  examination  of  those  groups  of  strali  wbict 
immediately  preceded  the  coal.  The  fossils  of  the  Devonian  and  Silu- 
rian strata  in  Europe  and  North  America  have  led  to  the  conclusion, 
thut  they  were  formed  for  the  most  part  in  deep  seas,  far  from  land. 
In  those  older  strata  land  plants  are  almost  as  rare  as  they  are  abun- 
dant or  universal  in  the  coal  measures.  Those  ancient  deposits,  there- 
fore, may  be  supposed  to  have  belonged  to  an  epoch  when  dry  bind  had 
only  just  begun  to  be  upraised  from  the  deep ;  a  theory  which  would 
imply  the  existence  during  the  carboniferous  epoch  of  islands,  instead  of 
an  extensive  continent,  in  the  area  where  tlie  coal  was  formed. 

Such  a  state  of  things  prevailing  in  the  north,  from  the  pole  to  the 
30th  parallel  of  latitude,  if  not  neutmlij^  by  circumstances  of  a  con- 
trary tendency  in  corresponding  regions  south  cf  the  line,  would  give 
nse  to  a  general  warmth  and  uniformity  of  cHmatt  throughout  the  globe. 

Changes  in  physical  geography  between  the  formation  of  thi  zarbonif' 
trBus  strata  and  the  chalk. — We  have  evidence  in  England  that  the 
Urala  of  the  ancient  carboniferous  group,  already  adverted  to,  were,  in 
many  instances,  fractured  and  contorted,  and  often  thrown  into  a  vertical 
position,  before  the  deposition  of  some  even  of  the  oldest  known  second- 
rocks,  such  as  the  new  red  sandstone. 

Fragments  of  the  older  formations  are  sometimes  included  in  the  con- 
glomerates of  the  more  modem  ;  and  some  of  these  fragments  still  retain 
thdr  fossil  shells  and  corals,  so  as  to  enable. us  to  determine  the  parent 
rocks  from  whence  they  were  derived.  There  are  other  proofs  of  the 
disturbance  at  successive  epochs  of  different  secondary  rocks  before  the 
deposition  of  others  ;  and  satisfactory  evidence  that,  during  these  i*e- 
'imted  convulsions,  the  geographical  features  of  the  northern  hemi- 
sphere were  frequently  modified,  and  that  from  time  to  time  new  lands 
emerged  from  the  deep.  The  vegetation,  during  some  parts  of  the  pe- 
nod  in  question  (from  the  lias  to  the  chalk  inclusive),  when  genera  allied 
to  Cycas  and  Zamia  were  abundant,  appears  to  have  approached  to  that 
of  the  larger  islands  of  the  equatorial  rone ;  such,  for  example,  as  we 
DOW  find  in  the  West  Indian  archipelago.*  These  islands  appear  to 
Ijave  been  drained  by  rivers  of  considerable  size,  which  were  inhabited 
l>y  crocodiles  and  gigantic  oviparous  reptiles,  both  herbivorous  and  car- 
nivorous, belonging  for  the  most  part  to  extinct  genera.  Of  the  con- 
temporary inhabitiinis  of  the  land  we  have  as  yet  acquired  but  scanty 
mformation,  but  we  know  that  there  were  flying  reptiles,  insects,  and 
fimall  raaramifers,  allied  to  the  marsupial  tribes. 

A  freshwater  deposit,  called  the  Wealden,  occurs  in  the  upper  part 
of  the  secondary  series  of  the  south  of  England,  which,  by  its  extent 
and  fossils,  attests  the  existence  in  that  region  of  a  large  river  draining 
a  continent  or  island  of  considerable  dimensions.  We  know  that  this 
land  w;is  clothed  with  wood,  and  inhabited  by  huge  terrestrial  reptiles 
and  birds.   Its  position  so  far  to  the  north  as  the  counties  of  Surrey  anil 

*  Ad.  Brangniart,  Coo«id.  O^^rales  sur  la  Nat.  de  la  \6g6t.  Ac,  Ana.  de«  Sci 
Kftt,  Nov.  1828. 
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Sussex,  at  a  time  when  the  mean  temperaiure  of  the  climate  it,  supposed 
to  have  been  much  hotter  than  at  present,  may  at  first  sight  appear  in- 
consistent with  the  theory  before  explained,  that  the  heat  was  caused 
by  the  gathering  together  oi  all  the  great  masses  of  land  in  low  latitudes^ 
whUe  tibe  northern  regions  were  almost  entirely  sea.  Bat  it  must  not 
be  taken  for  granted  that  the  geographieal  condilioos  already  deaetibed 
(p.  109,  and  fig.  5,  p.  Ill)  aa  eapabhi  of  produemg  the  extreme  of  heat 
were  ever  oomUiied  at  any  gedogieal  period  of  which  we  hare  yet  ob- 
tained informatioa.  It  h  more  probable^  from  what  haa  been  atated  in 
the  preceding  ohapters,  that 'a  slight  approximation  to  such  an  extreme 
state  of  things  would  be  suflkient;  in  other  wordfc,  if  most  of  the  dry 
land  were  tropical,  and  scarcely  any  of  it  arctic  or  antarctic,  a  prodio^roua 
el*  vation  of  temperature  must  ensue,  even  though  a  part  of  sonifi  coali« 
nents  should  penetrate  far  into  the  temperate  zones. 

ChaiuHs  durinq  the  terimry  periods. — The  secondary  terUar\'  for- 
nuiiions  of  Euro])  ',  \\  fn n  considered  separateU;,  may  be  cjntrasted  ♦an 
having  very  difietcnt  characters  ;  the  secondary  appearing  to  have  been 
deposited  in  open  seas,  the  tertiary  in  regions  where  dry  land,  lak^, 
bays,  and  perhaps  udand  aeaa^  aboimded.  The  8eeondar|r  aeries  is  al« 
most  exclusirely  marine ;  the  tertiary,  OTon  the  oldest  par^  contains  la- 
custrine strata*  nnd  not  nnfrequently  freshwater  and  marine  beds  alter* 
nating.  In  fact  there  is  evidence  of  important  geographical  chai^;ea 
bavmg  oecufred  between  the  deposition  of  the  cretaceous  system*  or 
uppermost  of  the  secondary  sttries,  and  that  of  the  oldest  tertiary  group, 
and  still  more  between  the  era  of  the  latter  and  that  of  the  newer  ter- 
tiary formations.  This  change  in  the  physical  geography  of  Europe 
and  North  America  was  accompanied  by  an  alteration  no  less  remark- 
able in  organic  life,  scarcely  any  species  being  common  both  to  the  sec 
ondary  and  tertiary  rocks,  and  the  fossils  of  the  latter  affording  evidence 
of  a  diflerent  climate. 

On  tlic  other  hand,  when  we  compare  the  tertiary  formations  of  suc- 
cessive ages,  we  trace  a  gradual  approximation  in  the  imbedded  fossils, 
from  an  assemblage  !n  whnib  extinct  species  predominate,  to  one  wh^ra 
the  spedes  agree  for  the.  most  part  with  those  now  existing.  In  other 
words,  we  find  a  gradual  mcrease  of  animals  and  plants  fitted  for  out 
present  dimates,  in  proportion  as  the  strata  which  we  examine  are  more 
modern.  Now,  during  all  these  successive  tertiary  periods,  there  are 
signs  of  a  great  mcrease  of  land  in  European  and  North  American  lati- 
tudes.  By  reference  to  the  map  (PL  1),  and  its  description,  p.  121, 
the  reader  will  see  that  about  two- thirds  of  the  present  European  lands 
have  emerged  since  the  earliest  tertiary  group  originated.  Nor  is  this 
the  only  revolution  which  the  same  region  has  undergone  within  the 
period  alluded  to,  some  tracts  which  were  previously  land  having  gained 
in  altitude,  others,  on  the  contrary,  having  sunk  below  their  former  level. 

Tliat  the  existing  lands  were  not  all  upheaved  at  once  into  their 
present  position  is  proved  by  the  most  striking  evidence.  Several  Ital- 
ian geologists,  even  before  the  time  of  BroocU,  had  justly  mferred  that 
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the  Apennines  were  elevated  several  thousand  feet  above  the  level  of 
the  McdikTranean  before  the  deposition  of  the  modem  Subapennioe 
beds  which  flank  them  on  either  side.  What  now  constitutes  tho  cen- 
tral calcareous  chain  of  th*'  A  pi  iiiiifi.  ■>  must  for  a  long  time  have  \.m:n  a 
narrow  ridgy  peninsula,  branciiing  otT,  at  its  northern  extremity,  from 
the  Alpit  Dtar  Savona.  This  peninsula  has  since  been  raised  from  one 
to  two  thousand  feet,  by  which  movciucut  the  ancient  shores,  and,  for  a 
ceftva  exteat,  the  bed  of  the  contiguous  sea,  have  been  laid  diy*  both 
CO  tbftade  of  the  Meditemneaii  and  the  Adriatic. ' 

Tbft  nature  of  theee  viciMitttdeB  will  be'ezplained  hj  the  aocompany- 
ngdiflgnin,  which  lepresents  a  transvena  aectmn  aoroes  the  ItaUan 
pcnininla.  The  looUBed  atiata  A  are  the  disturbed  fonnatkMia  of  the 


Apennioes.  into  whieh  the  ancient  igneous  rocks  a  are  supposed  to  have 
iotraded  themselves.    At  a  lower  level  on  each  flank  of  the  chain  are 

the  more  recent  shelly  beds  b  b,  which  often  contain  rounded  pebbles 
derived  from  the  waste  of  contiguous  parts  of  the  older  Aponnine  Wmc- 
stone.  These,  it  will  be  seen,  are  horizontal,  and  lie  in  what  is  termed 
"unconformable  stratillcation"  on  the  more  ancient  series.  They  now 
constitute  a  line  of  hills  of  moderate  elevation  between  the  soa  and  tbe 
Apennines,  but  never  penetrate  to  the  higher  and  more  ancient  v alleys 
of  that  chain. 

The  nme  phenomena  are  exhibited  in  the  Alps  on  a  much  grander 
wale ;  these  moontains  bebig  composed  in  some  even  of  their  higher  re* 
gioDS  of  the  newer  secondary  and  oldest  tertiary  formations,  while  they 
sre  eoeireled  by  a  great  sone  of  more  modem  tertiary  rochs  both  on 

their  southern  flank  towards  the  plains  of  the  Po,  and  on  the  side  of 
Switzerland  and  Austria, and  at  their  eastern  termination  towards  Styria 
•and Hungary.*    This  newer  tertiary  ma  marks  the  position  of  former 
seas  or  gulfs,  like  the  Adriatic,  wherein  masses  of  strata  accumulated, 

some  sinc;;le  gronp<s  of  whicli  nro  not  inf<^rior  in  thickness  to  the  most 
voluminous  of  our  secondary  formations  in  Kn<j^land.  Some  even  of 
these  newer  L'f^Hips  have  been  raised  to  the  height  of  three  or  four  tliou- 
fctnd  feet,  and  in  proportion  to  their  antiquity,  they  generally  rise  to 
greater  heights,  the  older  of  them  forming  interior  zones  nearest  to  the 
WBlral  ridges  of  the  Alps.  We  have  already  ascertained  that  tlie  Alps 
Seined  accessions  to  their  height  and  width  at  several  niecesnTe  peii- 

*  See  a  Memoir  on  the  Alps,  by  ProfenOT  Sedewidc  sad  Sir  Rod.  MmdiiMA 
*^  «f  Q«ol.  Bog.  mmnmI  mt.  toL  iii.  aeoompeniMl  fay  •  mapi 
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ods,  and  tliat  the  last  scries  of  improvements  occurred  wbea  the  seat 
were  inimbiiod  by  many  existing  species  of  animal!;. 

We  may  imfigiiie  some  future  series  of  convuUions  once  more  to  heave 
up  thiii  stupendous  chain,  tosrether  with  the  fidjoining  bed  of  the  sea,  so 
that  the  mountains  of  Europe  may  rival  the  Andes  in  elevation  ;  in 
wluch  ease  the  deltas  of  the  Po,  Adige,  and  Brenta,  now  encroaching 
upon  the  Adriatic,  might  be  uplifted  so  as  to  form  another  exterior  belt 
of  considerable  height  around  the  southeastern  flank  of  the  Alps. 

The  Pyrenees,  also^- have  acquired  their  present  altitude,  which  in 
Mont  Perdu  exceeds  eleven  thoossnd  feet,  nnce  the  depodiUon  of  the 
nummuUtic  or  Eocene  division  of  the  tertiary  series.  Some  of  the  ter. 
tiary  strata  at  the  base  of  the  chain  are  rmsed  to  tbe  height  of  only  a 
few  hundred  feet  idiove  the  sea,  and  retain  a  horizontal  position,  with- 
out partaking  in  general  in  the  disturbance  to  which  the  older  series 
has  been  subjected  ;  so  that  the  great  barrier  between  France  and  Spain 
was  almost  entirely  upheaved  in  the  interval  between  tbe  dejK^tion  of 
certain  groups  of  tertiary  strata. 

The  remarkable  break  between  the  most  modem  of  tbe  known  sec- 
ondiiry  rt)cks  and  tlie  oldest  tertiary,  may  be  apparent  onlv,  and  ascriba- 
ble  to  the  present  deficiency  of  our  information.  Already  the  marlcs  and 
green  sand  of  Heers  near  Tongres,  in  Belgium,  obsen  ed  by  M.  Dumont, 
and  the  "  pisolitic  limestone**  of  the  neighborhood  of  Paris,  both  inter- 
mediate in  age  between  the  Maestricht  obalk  and  the  lower  Eocene 
strata,  begin  to  aflbrd  us  signs  of  a  passage  from  one  state  of  thii^  to 
another.  Nevertheless,  it  is  fsr  from  impossible  that  the  interval  be- 
tween  the  elialk  and  tertiary  formations  constituted  an  era  in  the  earth'a 
history,  when  the  transition  from  one  class  of  organic  beings  to  another 
was,  comparatively  speaking,  rapid.  For  if  the  doctrines  above  ex- 
plained in  regard  to  vicissitudes  of  temperature  are  sound,  it  will  follow 
that  changes  of  equal  magnitude  in  tbe  geographical  features  of  the 
globe  may  at  different  periods  produce  vjmt  unecjual  effer(«^  on  f^limnt*^  ; 
and,  so  far  as  the  existence  of  certain  animals  and  piariis  depends 
on  climate,  the  duration  of  species  would  be  shortened  or  pro- 
tracted, flccordbg  to  the  rate  at  which  the  change  of  temperature 
proceeded.  * 

For  even  if  we  assume  that  tbe  intensity  of  tbe  subterranean  disturb- 
ing forces  is.  uniform  and  capable  of  producing  nearly  equal  amounta  of 
alteration  on  the  surface  of  the  planet,  during  equal  periods  of  time,  still 
the  rate  of  alteration  in  climate  would  be  by  no  means  uniform.  .  Let  us 
ima^ne  the  quantity  of  land  between  the  equator  and  the  tropic  in  one 
hemisphere  to  be  to  that  in  the  other  as  thirteen  to  one,  which,  as  before 
stated,  represents  the  unequal  proportion  of  the  extra-tropical  lands  in 
the  two  hemispheres  at  present,  (See  figs.  3  and  4,  p.  110.)  Thea 
let  the  first  geographical  change  consist  in  the  shifting  of  this  preponder- 
ance of  land  from  one  side  of  the  line  to  the  other;  from  llie  soulliera 
hemisphere,  for  example,  to  the  nortliern.  Now  this  need  not  affect  the 
general  temperatun;  of  tbe  earth.  But  if,  at  another  epoch,  we  suppose 
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a  eontinuance  of  the  same  agency  to  transfer  aB  equal  Tolume  of  land 
from  the  torrid  sone  to  the  temperate  and  arctic  regions  of  the  northern 
and  soatht'rn  hemispheres,  or  into  one  of  them,  there  mid'ht  hf>  so  great 
a  refrit;oration  of  the  mean  temporal uie  in  all  latitudes,  that  sc;ircely 
anv  of  the  pre-existing  races  of  animals  would  survive  ;  and,  unless  it 
plo  tlie  Author  of  Nature  that  tlio  planet  should  be  uninhabited, 
new  species,  and  probably  of  widely  ditierent  forma,  wotdd  then  be  sub- 
stituted in  the  rcom  of  the  extinct.  We  ought  not,  therefore,  to  infer 
that  equal  periods  of  time  are  always  attended  by  an  equal  amount  of 
change  in  organio  life,  atnce  a  great  flueCnatioD  id  the  mean  tomperature 
ol  Ui«  earth,  the  most  inflttential  cause  which  Can  he  eonceired  in  exter* 
minaiing  whole  racea  of  animala  and  phuita,  mo8t»  in  diffietent  epoehii 
require  unequal  portiona  ot  time  for  its  oompletioh. 

Platk  L    Map  thomng  the  extent  of  tutface  in  Europe  which  ha*  at  one  period  or 
mMiknr  Item  €omtd  fytkt  »tm  rinm  ik*  «o$iimme9mnU  i^tkt  depo$iUon  of  ikf 

This  map  will  enable  the  reader  to  perceive  nt  a  glance  the  great  extent 
of  chan-^e  in  the  physiail  i(ef)Ljraphy  of  Europe,  which  can  be  proved 
to  have  taken  place  since  some  of  the  older  tertiary  strata  began  to  be 
deposited.  The  proofs  of  submergence,  during  some  part  or  other  of 
this  period,  in  all  the  districts  distinguished  by  ruled  lines,  are  of  a  most 
unequivocal  character;  for  the  area  thua  described  ia  now  covered  \ff 
depoeitB  containing  the  fossil  remains  of  aoimak  which  could  only  have 
fi ved  in  salt  water.  The  moat  ancient  part  of  the  period  referred  to  can- 
not be  deemed  veijr  remote,  considered  geolcgicallj;  because  the  de- 
posits of  tbe  Paria  and  London  basins,  and  many  other  districti  belong- 
ing to  the  older  tertiary  epoch,  are  newer  than  the  greater  part  of  the 
sedimentary  rocks  (those  commonly  called  secondary  and  primary  foa- 
siliferous  or  paleozoic)  of  which  the  crust  of  the  globe  b  composed. 
The  !?peries,  moreover,  of  marine  testiicca,  of  which  the  remains  are 
found  in  these  older  tertiary  formations,  are  not  entirely  distinct  from 
such  as  now  live.  Yet,  notwithst^ndino^  the  comparatively  recent  epoch 
to  which  tlii^  retrospect  is  carried,  the  vfiri.itions  in  the  distribution  of 
land  and  sea  depicted  on  the  maj)  luj  m  only  a  part  of  those  which  must 
have  taken  place  during  the  period  under  consideration.  Some  approx- 
imation has  merely  been  made  to  an  estimate  of  the  amount  of  sea  con- 
w9rUd  info  kmd  in  parts  of  Europe  best  known  to  geologists ;  but  we 
cannot  determme  how  much  land  has  become  sea  during  the  same  period ; 
and  there  may  have  been  repeated  interchangea  of  land  and  water  in  the 
same  places,  changea  of  wUch  no  account  is  taken  in  the  map,  and  re* 
apecting  tlU  amount  of  which  little  accurate  informatioa  can  ever  be  ob> 
tained.  • 

I  have  extended  the  sea  in  some  instanoea  b^ond  the  limits  of  the 
land  now  covered  by  tertiary  formations,  and  marine  drift,  because  other 
gecdojpeal  data  have  been  obtained  for  inferring  the  submeigence  of  these 
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tracts  after  the  deposition  of  the  Eocene  strata  had  begun.  Thus,  for 
example,  there  are  good  reftsons  for  concluding  that  part  of  the  chalk  of 
England  (the  North  imd  South  Downs,  for  example,  togellier  with  the 
intervening  secondary  tracts)  continued  beneath  the  sea  until  the  oldeii 
tertiary  beds  had  begun  to  accumulate. 

A  strait  of  the  sea  btpuraiing  England  and  Wales  has  also  been  in- 
troduced, on  the  evidence  afifordcd  by  shells  of  existing  species  found  m 
a  deporit  of  gratei,  Buid,  loam,  and  day.  eaUed  the  nordiem  drift,  by 
Sir  R.  MvrcfaiBoii.*  And  Ifr.  Trimmer  has  diacovered  eimOar  leoeot 
marine  ahells  on  the  northern  coast  of  North  Wales*  and  on  Hoel  T^- 
fime,  near  the  Henai  Strsito,  at  the  height  of  1802  feet  above  the  leTel 
of  the  seal 

Some  raised  sea-beaehes,  and  drift  containing  marine  sheUs,  wUoh  I 
eiamiDed  in  1848,  between  Limerick  and  Dublin,  and  which  have  been 
traced  over  other  parts  of  Ireland  by  different  geologists,  have  required 
an  extension  of  the  dark  lines  so  as  to  divide  that  island  into  several. 
In  improving  this  part  of  my  map  I  have  been  especially  indebted  to 
the  assistance  of  Mr.  Oldham,  who  in  1843  announced  to  the  £|riti.sh  As- 
sociation at  Cork  the  fact  that  at  tiie  period  when  the  drift  or  glacial  beds 
were  deposited,  Ireland  must  have  formed  an  archipelago  such  as  is  here 
depicted.  A  considerable  part  of  Scotland  might  also  have  been  repre- 
sented in  a  similar  manner  as  under  water  when  the  drift  oriirinaied. 

A  portion  of  Brittanj  is  divided  into  islands,  because  it  is  known  to 
be  covered  with  patohee  cf  marine  tertiaiy  strata  chiefly  miocene.  When  . 
I  examined  these  in  1880  and  1843, 1  oonvineed  myself  that  the  sea 
must  have  coversd  mnoh  larger  areas  than  are  now  oecupied  by  these 
small  aiid  detached  deposits.  The  former  eonneetion  of  the  White  Sea 
and  the  Gulf  of  Finland  b  proved  by  the  fact  that  a  mulUtude  of  hnge 
erratic  block-  extend  over  the  intenrenmg  spaoe,  and  a  large  portion  of 
Korway,  Sweden,  and  Denmarkt  aa  well  as  Gennany  and  Russia,  are 
represented  as  sea,  on  the  same  evidence,  strengthened  by  the  actual 
occurrence  of  fossil  sea-shells,  of  recent  species,  in  the  drift  of  various 
portions  of  those  countries.  The  submergence  of  considerable  areas 
under  large  bodies  of  fresh  water,  during  the  tertiary  period,  of  which 
there  are  many  striking  geological  proofs  in  Auvergne,  and  elsewhere, 
hx^  not  been  expressed  by  ruled  lines.  They  bear  testimony  to  the 
former  existence  of  neighboring  lands,  and  a  certain  elevation  of  the 
areas  where  they  oeeur  above  die  level  of  the  neean;  they  are  there- 
fore left  bUnk,  togelher  with  all  the  spaoe  that  cannot  be  demonstrated 
to  have  been  part  of  the  sea  at  aome  time  or  other,sinGe  theeommeaee- 
ment  of  the  Eocene  epoch. 

In  compiling  this  map,  which  has  been  entuely  recast  since  the  flrst 
edition,  I  have  availed  myself  of  the  latest  geological  maps  of  the  British 
isles*  and  north  of  Europe  ;  also  of  those  published  by  the  government 
•urveyors  of  France,  MM.  de  Beaumont  and  Dnfresaoy ;  the  map  ot 
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Germany  and  part  of  Europe,  hj  Von  Be^^lien,  and  that  of  Italy  by 
M.  Tchiluitchoft'  (Berlin,  1842).  Lastly,  8ir  11.  Murchison's  importaot 
map  of  Russia,  and  the  adjoining  countries,  has  enabled  me  to  mark  out 
not  only  a  considerable  area,  previously  little  koowo,  In  which  tertiary 
formatfons  occur ;  but  also  a  still  wider  expanse,  over  which  the  north- 
ern diiit,  and  erratic  blocks  with  occasional  niaiiue  shells,  are  traceable. 
The  sonthern  limits  of  these  glacial  deposits  in  Russia  and  Germany  in- 
dicate the  bouiHiaryv  to  lar  ae  we  can  now  detennine  it»  of  the  northern 
oeenn*  at  a  period  immediately  anteeedeat  to  that  of  the  human  raee. 

1  wuaniioga,  eiea  m  the  title  of  thia  map,  to  guard  the  reader  against 
the  snpposition  that  it  was  mteoded  to  lepresent  the  state  of  the  phya- 
eal  geography  of  part  of  Europe  at  any  one  poinl  ^  time.  The  diffioolty* 
or  raiber  the  impoesibiJity,  of  restoring  the  geography  of  the  globe  as  it 
may  have  existed  at  any  former  period,  especially  a  remote  one,  consists 
in  this,  that  we  can  only  point  out  where  part  of  the  sea  has  been  turned 
inio  land,  and  are  almost  always  unable  to  determine  what  land  may 
havo  bf'cnme  sea.  All  maps,  thereforo,  pretending  to  represent  the 
geo'^niphy  ot  remote  geological  epochs  must  hn  lilfnl.  The  map  under 
consid'T.itioa  is  not  a  restoration  of  a  former  state  ot  lIuitx^,  at  any  par- 
ticular moment  of  time,  but  a  synoptical  view  of  a  certain  uniounL  of  one 
kind  of  change  (the  conversion  of  sea  into  land)  known  to  have  bew 
brought  abont  within  a  given  period. 

It  may  be  proper  to>remark  that  the  Tertical  movements  to  which  the 
land  is  snbjeot  in  eertam  regions,  occasion  alternately  the  subsidence  and 
the  oprisii^  of  the  sm&oe ;  and  that,  hy  aueh  oscillationa  at  sucGCsave 
periods,  a  great  area  may  hare  been  entirely  covered  with  marine  de- 
posits, althongh  the  whole  may  never  have  been  beneath  the  waters  at 
one  time ;  nay,  even  though  the  relative  proportion  of  land  and  sea  nmy 
have  continued  unaltered  throughout  the  whole  period.  I  believe,  bow- 
ever,  that  since  the  commencement  of  the  tertiary  period,  the  dry  land 
in  the  northern  hemisphere  has  boen  continually  on  the  increase,  both 
b<  (  mse  it  is  now  greatly  in  exc*  l^'vond  the  average  proportion  which 
land  generally  bears  to  water  on  ilif  uh)t  i  ,  and  because  a  comparison 
of  the  secondary  and  tertiary  strata  .illoids  indications,  as  I  ha\  e  alre  ady 
shown,  of  a  passage  from  the  condition  of  an  ocean  interspersed  with 
islands  to  that  of  a  large  continent 

Bnt  aopposmg  it  were  possible  Co  represent  all  the  Tioissitades  m  the 
disfaibotion  of  land  and  sea  that  haTo  ocenired  dniing  the  tertiary  pe- 
riod, and  to  eihibit  not  only  the  actual  eiistence  of  land  where  there 
was  onee  sea,  bnt  also  the  eitent  of  snrfiMse  now  snbmeiged  whbh  may 
once  have  been  land,  the  map  would  still  fail  to  express  all  the  import 
ant  revolutions  in  physical  geography  which  have  taken  phu^  within  the 
epoch  under  eonsideration.  For  the  oscillations  of  level,  as  was  before 
stated,  have  not  merely  been  such  n«  to  lift  up  the  land  from  below  the 
water,  but  in  some  rasps  to  occasion  a  rise  ot  many  thousand  feet  above 
the  sea.  Thus  the  Alps  have  acquired  an  additional  altitude  of  4000, 
and  even  in  some  places  10,000  feet ;  and  the  Apennines  owe  a  con* 
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have  happened  within  the  tertiary  epoch. 

On  the  other  h  ind,  some  m  tint  lin  chains  may  have  been  lowered 
during  the  same  .series  of  acres,  in  an  equal  dej^rce,  and  tihoals  may  have 
been  converted  into  deep  abysses.*  Since  this  map  was  recast  in  1847, 
geologists  have  verx  generally  come  to  the  conclusion  that  the  nummu- 
litic  limestone,  together  witli  the  overlying  fucoidul  grit  and  shale,  called 
"  Flysch/'  in  the  Alps,  belongs  to  the  older  tertiary  or  Eocene  group. 
Aa  tiiese  nnmimiEtio  xoekB  enter  into  the  ttnicture  of  iome  of  the  mott 
lofty  nod  disturbed  parts  uS  the  Alps,  ApeonineB,  Carpathiaosr  Pyranees, 
and  other  mottntam  chaiaB»  and  form  many  of  die  elevated  buula  of  Af* 
vka  and  Asia,  the^  posiiioii  ahnost  implies  the  ubiquity  of  the  post* 
Eocene  ocean,  not,  indeed,  by  the  abnoltaneoiiSy  but  by  the  siiBceaBive» 
occupancy  of  the  whole  ground  by  its  waters.f 

Concluding  remarks  on  changes  in  physical  geography. — The  foi  ep^oing 
observations,  it  may  be  said,  are  confined  chieflv  to  Kurope,  and  there- 
fore merely  establish  the  increase  of  dry  land  in  a  space  which  consti- 
tutes but  a  small  portion  of  the  northern  hemisphere  ;  \m%  it  was  stated 
in  the  preceding  chapter,  that  the  Lrreat  Low!and  of  Siberia,  lying  chietly 
between  the  latitudes  65**  and  75°  N.  (an  area  nearly  equal  to  all  Eu- 
rope), is  covered  for  the  most  piu  t  by  marine  straUi,  which,  from  the 
account  given  by  Pallas,  and  more  recently  by  Su*  R.  Murchison,  belongs 
to  a  period  when  all  or  neariy  all  the  sheUs  irare  of  a  apeoies  sffll  living 
m  the  north.  The  emergencei  therefore,  of  this  area  firom  the  deep  is, 
ecHUparatively  speaking,  a  very  modern  event,  and  nmst,  as  before  re- 
marked, have  caused  a  great  increase  of  cold  throughout  the  gIob<». 

Upon  a  review,  then,  of  all  the  foots  above  enumerated,  respecting 
the  ancient  geogrsphy  of  the  globe  as  attested  by  geological  monument^ 
there  appear  good  grounds  for  inferring  that  clianges  of  climate  coin- 
cided with  remarkable  revolutions  in  the  former  position  of  sea  and  land.  A 
wide  expanse  of  opean,  interspersed  with  island^  ,  seems  to  have  pervaded 
the  northern  hemisphere  at  the  periods  when  the  Silurian  and  carbonif- 
erous rocks  w(;rc  formed,  and  a  warm  and  ver\''  uniform  tempenftnrp 
then  prevailed.  Subsequent  modifications  in  climaie  accortip.iuitd  iIil; 
deposition  of  the  secondary  formations,  when  repeated  changes  were  ef- 
fected in  the  physical  geography  of  our  northern  latitudes.  Lastly,  the 
refrigeratioa  became  most  decided,  and  the  elimato  most  nearly  assimila- 
ted to  that  now  enjoyed,  when  tiie  Hmds  in  Europe  and  northern  Aaia  had 
attained  their  full  extension,  and  the  mountain  chains  their  aetoal  height. 

Soon  after  the  first  publication  of  this  theory  of  clhnate,  an  objeeticii 
was  made  by  an  anonymous  German  critic  in  1833  that  there  are  no 
geological  pioolii  of  the  prevalence  at  any  former  period  of  a  temperatura 

*  It  nay  be  obtenred,  that  the  facts  and  inferences  exhibited  in  this  map  bear 
not  merely  f)n  (he  tlicory  <if  climate  alH>ve  proposed,  but  nerve  also  to  illustrate 
the  Ttewa"  explained  in  'the  third  book  respecting  Uw  migratioa  of  animals  aad 
plants  and  the  gradual  extinctioo  of  species. 

\  Sec  Sir  R.  Murchison's  Paper  on  the  Alps,  Quart  Jonm,  Oeoi  Sob  VoL  v. 
and  iDj  Anoivenary  Addreaa  for  1860,  ibid.  roL  vi 
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kwtr  than  .that  now  aojiijed ;  wbareaa,  if  ihe  canaea  aboTa  asngned 
were  the  true  ones,  it  might  reaaooAhly  luiTe  been  expeeted  that  fosail 
mnaim  woald  sometimes  iDdieate  adder  as  well  as  hotter  olimates  than 

those  noir  established.*  In  answer  to  this  objection,  I  mnj  suggeitp 
that  our  present  climates  are  probably  far  more  distant  from  the  extreme 
of  possible  heat  than  from  its  opposite  extreme  of  cold.  A  glance  at 
the  map  (H't.  6,  p.  Ill)  will  show  that  all  the  existing  lands  might  be 
pi..'  I  1  bt fiween  the  HOlh  parallels  of  lutitu'le  on  each  side  of  the  equator, 
111  1  ihat  even  then  they  would  by  no  means  till  that  space.  In  no  other 
puMUon  would  thej  give  rise  to  so  high  a  temperature.  But  the  present 
geographical  oonditton  of  the  earth  ia  ao  fiur  nmoved  from  anoh  a  ttate 
of  things,  thftt  the  land  lying  between  the  polaa  and  the  parallels  of  80, 
ii  m  great  ezeeas;-  ao  mneh  ao  that,  instead  of  being  to  the  aea  in  the 
proportion  of  1  to  8,  whioh  is  aa  near  as  possible  the  Average  general 
latk)  throoghoat  the  globe,  it  is  9  to  88.t  lie  nee  it  ought  not  to  sur- 
prise us  if,  in  our  geological  retrospect,  embracing  perhaps  a  small  part 
oalj  of  a  complete  oyde  of  change  in  the  terrestrial  climates,  we  should 
nappen  to  discover  everywhere  the  sij^ns  of  a  higlier  temperature.  Ths 
strata  hitherto  ex^mineil  mur  hnvo  orii^inaled  when  the  quantity  of  equ.v 
torinl  land  was  always  decreasiiirr  and  the  land  in  regions  nearer  the 
poles  au^menlintr  in  height  and  area,  until  at  len<Tt)i  it  attained  its  pres- 
ent excess  in  high  latitudes!.  There  is  nothing  iniprubablc  in  supposing 
that  the  geographical  revolutions  of  which  we  have  hitherto  obtained 
pnx^s  had  this  gcneml  tendency ;  and  in  that  case  the  refiigeration  must 
hare  been  eooatant^  although,  for  reaaona  before  explained,  the  rate  of 
eooling  may  not  have  been  uniform. . 

It  may,  hofferer,  be  aa  well  to  recall  the  reader's  attention  to  what 
vaa  before  said  of  the  indication  brought  to  light  of  hUe  yean,  of  a  con- 
siderable osdUation  of  tempetatuie,  in  the  period  immediately  preceding 
the  human  era.  We  have  seen  that  on  examining  some  of  the  mosi 
northern  deposits,  those  commonly  called  the  northern  drift  in  Scotland, 
Ireland,  and  Canada,  in  which  nearly  all,  in  some  cases,  perhaps  all,  the 
fossil  shells  are  of  recent  species,  w»'  discover  the  signs  of  a  climate  colder 
than  that  now  prevailing  in  corre-{M>iMlmg  latitudes  on  b»»fh  sides  the 
Atlantic.  It  appears  that  an  arctic  lauua  .'-]h  ciilcally  resembhng  that 
of  the  pre-sent  seas,  extended  farther  to  the  souili  than  now.  This  opin- 
ion i^  derived  partly  from  the  known  habitations  of  the  conesponding 
living  species,  and  partly  from  the  abaiMlanee  of  oertam  genera  of  shelU 

*  AUgemekie  Literatur  Zeitung,  Na  cxxxix.   July,  1833. 

f  In  Um  Mtimal*.  the  tpeee  within  tiie  antaretie  drde  it  not  taken  into  ae* 

count :  if  iDcludt'd,  it  wotjlj  probably  a«M  to  tlie  txce.ss  of  dry  land  ;  for  tlir  late 
<ii!w»>venes  of  Capt.  Sir  Jam«»  Roaa,  who  peaetrat«d  to  lat.  Id*^  lO*  ootitirm  the 
coojectitfe  ef  Oaptain  Oook  tiint  tbs  aoennralatidn  of  tnturetie  ice  bnpHm  thu  pres> 
t  nce  of  a  certain  quantity  of  U-rra  f^rtn.'v.  Tlif  muiilxT  of  square  iiiiics  im  the  -iir- 
lace  of  the  globe  are  148,622,000,  the  part  occupied  by  the  sen  being  1 10,849,000, 
and  tiMt  by  land.  37,673,000 ;  so  that  the  land  ia  rery  nearly  to  the  sea  as  1  part 
in  -i.  I  iini  inforiiie*!  by  Mr.  Gardner  ttmt,  according  to  a  rough  approximation,  the 
laad  between  tho  SO''  N.  lat  and  the  pole  occupies  a  space  about  equal  to  that  oj 
ikt  MM,  and  the  land  between  the  30''  S.  lat  and  the  antarctic  circle  about  one* 
■ztcenth  of  that  aniM^ 
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and  the  absence  of  othen.*  The  date  of  the  T^fngeration  thus  inferred 
appears  to  coincide  very  nearly  with  the  era  of  the  dispersion  of  en-atio 
blocks  over  Europe  and  North  America,  a  phenomenon  whiVh  will  be  as- 
cribed in  the  sequel  (ch.  16)  to  the  cold  th^n  prevailing  in  the  northern 
hemisphere.  The  force,  moreover,  of  the  German  critic's  objection  has 
been  since  in  a  great  measure  destroyed,  by  the  larger  and  moro  profound 
knowledge  acquired  in  the  last  few  years  of  the  ancient  carboniferous  flora, 
which  has  led  the  ablest  botanists  to  adopt  the  opinion,  that  the  climate 
of  the  coal  period  was  remarkable  for  its  warmth,  moiBture,  equability, 
and  freedom  from  oold,  rather  than  the  intemity  of  its  tropieal  haat  We 
are  therefore  no  longer  entitled  to  sssome  that  there  hu  been  a  oonstaat 
and  gradnal  4eefine  in  the  abeolttt«  amount  of  heat  formerly  eontained 
m  the  atmosphere  and  waters  of  the  ocean,  such  as  it  was  oonjeotoved 
might  have  emanated  from  the  incandescent  central  nucleus  of  a  new 
and  nearly  fluid  plnnet,  before  the  interior  had  lost,  by  radiatioQ  mto 
surrounding  space,  a  g^reat  part  of  its  original  high  temperature. 

Aslronomiral  causes  of  Jluctuatlonss  in  climate. — Sir  John  Herschel 
htis  lately  mquired,  whether  there  are  anv  astronomical  cauj^cs  which 
may  offer  a  possible  explanation  of  the  difference  between  the  actual 
climate  of  the  earth's  surface,  and  those  which  formerly  appear  to  have 
prevailed,  iio.  has  entered  upon  this  subject,  he  says,  "  impressed  with 
the  magnificence  of  that  view  of  geological  revolutions,  which  regards 
them  rather  as  regular  and  nticessary  e^ts  ti  great  and  general  causes, 
than  as  resulting  from  a  series  of  convulsions  and  catastrophes,  regulated 
by  no  laws,  and  reducible  to  no  fiied  principlea."  Qeometers,  he  adds, 
have  demonstrated  the  absolute  invariability  of  the  mean  distance  of  the 
earth  from  the  sun ;  whence  it  would  at  first  seem  to  follow,  that  the 
mean  annual  supply  of  light  uid  heat  derived  from  that  luminary  would 
he  alike  invariable  :  but  a  closer  consideration  of  the  subject  will  ahow, 
that  this  would  not  he  a  legitimate  conclusion;  but  that  on  the  contrary, 
the  mean  amount  of  solar  radiation  is  dependent  on  the  eccentricity  of 
the  earth's  orbit,  and  therefore  liable  to  variation. f 

Now  the  eccentricity  of  the  orbit,  he  continues,  is  actually  diminish- 
ing, and  has  been  so  for  aijes  bevond  the  records  of  historv.  In  conse- 
quence,  the  ellipse  ia  iu  a  state  of  approach  to  a  circle,  and  the  annual 
average  of  solar  heat  radiated  to  the  earth  is  actually  on  the  decretue.  So 
fiir  this  is  ia  accordance  with  geolo^^cal  evideoeci  which  indicatea  a  gen- 
eral refrigeration  of  climate ;  but  the  question  remams,  whether  the  amount 
of  diminution  which  (ho  eccentricity  may  have  ever  undergone  can  be  sap- 
posed  sufficient  to  account  for  any  sensible  refrigeration.   The  calcula- 

*  See  papers  by  Mr.  Smith  uf  Jordanhill,  F.  G.  and  the  author.  Proceedings 
0«oL  80c.  Ho.  68, 1939,  also  that  of  Prof.  E.  Forbc9,  bofDre  cited,  p.  86,  note. 

f  The  theorem  is  that  stated : — The  eccentricity  of  the  orbit  varyini^,  the  total 
quantity  of  hoat  received  by  the  enrtb  frum  the  mm  in  one  revolutioo  is  inversely 
nropurtioDal  to  the  minor  axis  of  the  orbit  The  major  axis  is  invariable,  and  there* 
lore,  of  course,  the  absolute  length  of  the  year :  hence  it  followa  that  the  mean  ao- 
Dual  average  of  heat  will  also  be  to  t lie  same  lavsMe  ratio  of  tlio  minor  aiiSi*'** 
UeoL  Trsoa  aooood  seriei^  voL  iiL  pb  296. 
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tieoanaiy  to  defeeraifaie  this  point*  though  praetlcfthle^  have  neror 
jet  been  made,  and  would  be  extremely  laboriouB ;  for  they  must  em- 
brace all  the  perturbationa  which  the  most  influential  planets,  Venus, 
Man,  Japiler,  and  Saturn,  would  cause  in  the  earth'a  orbit,  and  in  each 

other's  movements  round  tlie  sun. 

The  problem  i*^  rtl-^o  very  complicated,  inasmuch  as  it  depends  not 
mf^relv  on  the  ellij  ln  uy  of  the  earth's  orbit,  but  on  tho  assumed  tem- 
perature of  the  celestial  spaces  beyond  the  earth's  atnn  >phere  ;  a  mat- 
ter still  open  to  discussion,  and  on  which  M.  Fourier  and  Sir  J.  Ilerschel 
have  arrived  at  very  different  opinions.  But  il,  says  Herschel,  we  sup- 
pose an  extreme  case,  as  tf  the  earth's  orbit  should  ever  become  as  ec- 
centrio  as  that  of  the  planet  Jnoo  or  Ptollas,  a  great  change  of  elimate 
BUght  be  concdTed  to  result,  the  wurter  and  aommer  temperatnrea 
being  sometimes  mitigated,  and  at  olhen  exaggerated,  in  the  same  kti« 


It  is  much  to  be  desired  that  the  cakidations  aUaded  to  ▼ere  e9ra> 

euted,  as  even  if  they  shoold  demonstrate,  as  M.  Arago  thinks  highly 

probable,*  that  the  mean  amount  of  solar  radiation  can  never  be  mate- 
rially affected  by  irre^ruiahties  in  the  earth's  motion,  it  would  still  he 
satisfacforr  to  ascertain  the  point.  Such  inquiries,  however,  can  never 
supersede  the  necos'-i!v  of  inv^igatin[^  the  consequences  of  the  varying 
position  of  contiinn:s,  shifted  as  we  know  them  to  have  been  during 
eucce^ive  t'liru  h^.  i  rnrn  one  part  of  the  globe  to  the  other. 

Another  .Lsironomicul  hypothesis  respecting  the  possible  cause  of  sec- 
ular variations  in  climate,  has  been  proposed  by  a  distinguished  mathe- 
matician and  philosopher,  M.  Poisson.  He  begins  by  assuming,  1st, 
that  the  son  and  our  planetary  system  are  not  stationary,  but  carried 
onward  by  a  common  movement  through  space ;  2dly,  that  every  point 
in  apace  recdves  heat  as  well  as  light  from  innumerable  stars  surround- 
ing it  on  all  sides,  so  that  if  a  right  line  of  indefinite  length  he  produced 
in  any  direction  from  such  a  point,  it  must  encounter  a  star  either  Tisible 
or  invisible  to  us.  3dly,  He  then  goes  on  to  assume,  that  the  different 
legimia  of  space,  which  in  the  course  of  millions  of  years  nre  traversed 
by  our  system,  must  be  of  very  unequal  temperature,  inasmuch  as  some 
of  them  must  receive  a  greater,  others  a  less,  quantity  of  radiant  heat 
from  the  great  stellary  inclosure.  !f  the  earth,  ho  continues,  or  any 
other  hirge  body,  pass  from  a  Imt t*  r  to  a  coldi  r  h  lm on,  it  would  not 
r»'adily  lose  in  the  second  all  the  heat  which  it  has  iinbilt  -  l  in  the  first 
region,  but  retain  a  temperature  increasing  downwards  from  the  surface, 
a&  in  the  actual  conduion  of  our  planet.f 

Now  the  opbioQ  originally  suggested  by  Sir  W.  Herschel,  that  our 
ann  aod  its  attendant  planets  were  all  moving  onward  through  space, 
io  the  direelioQ  of  the  consteDation  Hercules,'  b  very  generally  thought 
by  emment  astronomeia  to  be  confirmed.  But  even  if  its  reality  be 

•  Ann.  du  Bur.  dps  Lon^ 

f  Poiesoo,  Tlieurie  MathcmaL  de  ia  Chaleur,  Comptes  Rendas  de  I'Acad  det 
8tt,Jsn.SO,m7. 
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no  lon£Tor  nrittor  of  doubt,  conjocltiros  as  to  its  amount  are  still  vagiio 
and  uncerUuti  ;  and  Ljreat,  indeed,  must  be  the  extent  of  the  movement 
belore  this  c.iuso  aloue  can  work  tuiy  matehni  alteration  in  the  terrestrial 
climates.  Mr.  Hopkins,  when  treating  of  this  theory,  remarked,  that  so 
far  as  we  were  acquainted  with  the  position  of  the  stars  not  very  remote 
from  the  bud,  they  seem  to  be  so  distant  from  each  other,  that  there  are 
DO  points  in  space  among  them,  where  the  mtensily  of  radiating  heat 
would  bo  comparable  to  that  wbieb  the  earth  derives  from  the  urn,  ex* 
eept  at  poiota  Teiy  near  to  each  atar.  ThiiB»  in  order  that  the  earth 
ahould  derive  a  degree  of  heat  from  aleOar  ipdiatioQ  oomparaUe  to  that 
now  derived  Irom  the  auo,  she  moat  he  m.cloie  proxunity  to  lome  paiw 
ti<itt1ar  atar,  leaving  the  aggregate  effect  of  radiation  from  the  other  stare 
nearly  the  same  as  at  present.  This  approximation,  however,  to  a  sin- 
gle atar  could  not  take  place  consistently  with  the  pteservation  of  the 
motion  of  the  earth  about  the  sun,  nccordinL:^  to  its  present  laws. 

Suppose  our  sun  should  approach  a  star  within  the  present  distance 
of  Neptune.  That  planet  could  no  longer  irmain  a  member  of  tlie  solar 
system,  and  the  motions  of  the  other  planets  would  be  disturbed  m  a 
degree  which  no  one  has  ever  contemplated  as  probable  since  the  exist- 
ence of  the  solar  system.  But  such  a  star,  supposing  it  to  be  no  larger 
than  the  sun,  and  to  emit  the  same  quai^y  of  heat,  would  not  send  to 
the  earth  much  more  than  one-thousaadR  part  of  the  heat  which  ahe 
derives  from  the  sun,  and  would  therrfore  produce  only  a  very  small 
change  in  terrestrial  temperature.* 

VariabU  ^tndor  $tar9, — ^There  is  still  another  astronomical  sug- 
gestion lespecUng  the  possible  causes  o(  secular  variations  in  the  terres- 
trial climates  which  deserves  notice.  It  has  long  been  known  that  cer* 
tain  stars  are  liable  to  great  and  periodical  fluctuations  in  splendor,  and 
Sir  J.  Herschel  has  lately  ascertained  (Jan.  1840),  that  a  large  and 
brilliant  star,  called  alpha  Ononis,  sustained,  in  the  course  of  six  weeks, 
a  lovs  fif  nearly  half  its  Yv^ht.  "  This  phenorftenon,"  he  remark.s,  "  can- 
Dot  fail  to  awaken  attention,  and  revive  tho^e  speculations  which  were 
first  put  forth  by  ray  father  Sir  W.  Herschel,  respecting  the  possibility 
of  a  chanf,^e  in  the  lustre  of  our  sun  itftelf.  If  there  really  be  a  commu- 
nity  of  nature  between  the  bun  and  tixed  stars,  every  proof  that  we  ob- 
tain of  the  extensive  prevalence  of  such  periodical  changes  in  those  re- 
mote bodiea,  adds  to  the  probability  of  finding  somethmg  of  the  land 
nearer  home/'  Beferring  then  to  the  possible  bearing  of  such  fiusts  on 
ancient  revolutions^  in  terrestrial  dimates,  he  says^  that  "it  ia  a  matter 
of  observed  fact^  that  many  staia  Aovs  undeigone,  in  paat  ages,  within 
the  records  of  aatrooomical  history,  very  extensive  changes  in  apparent 
lustre,  without  a  change  of  distance  adequate  to  producing  such  an  ef- 
fect* If  our  sun  were  even  mtrintically  much  brighter  than  at  present* 
the  mean  temperature  of  the  surface  of  our  globe  would,  of  course,  be 
proportionally  greater.   I  speak  now  not  of  periodical,  but  of  secular 

•  QuarU  Journ.  QeoL  Soc  es. 
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Atagm,  But  ibe  ■igument  b  compliQated  with  the  oonsidehitioa  of 
the  poBstbljr  imperfect  transparaicy  of  the  celestial  spaces,  and  irith  the 

CUM  of  that  imperfect  transparency,  which  may  be  due  to  material 

T\on-luminou8  particles  diffused  irregularly  in  patches  analogous  to  neb- 
ula, but  of  £rrc;i(*>r  cxtfnt — to  cosmimJ  clouds,  in  short — nf  whose  ex- 
istcnc*^  we  liave,  i  think,  some  indication  in  the  singular  and  apparently 
capr'i^us  phenomena  of  temporary  stars,  and  perhaps  in  the  recent 
exuHordinary  suddea  increase  and  hardly  less  sudden  diminuUcoi  of 
1)  Argus'** 

More  re^tly  (1652)  Scbwabe  has  observed  that  the  spots  on  the 
HID  altemnely  inereaae  and  decreaae  in  the  ooutm  of  every  ten  years, 
and  Captain  Sabine  haa  pointed  out  that  tbia  variable  obscnration  coin^ 
cid«  in  time  both  aa  to  ita  maacimam  and  minimom  with  changes  in  all 
diote  tetrestrial  magnetic  variations  which  are  caused  by  the  sun. 
Hence  he  infers  that  the  period  of  alteration  in  the  spots  is  a  solar  moff- 
Mfie  ptriod.  Assuming  such  to  be  the  case/  the  variable  light  of  soma 
itan  may  indicate  a  similar  phenomenon,  or  they  may  be  stellar  mag- 
netic  periods,  differing  only  in  the  degree  of  obscuration  and  its  dura- 
tion. And  as  hitherto  we  have  perceived  no  fluctuation  in  the  heat 
rweivod  by  the  earth  from  the  sun  coincident  with  the  solar  magnetic 
p-  nod,  so  tlu'  fluctuations  in  th^  brilliancy  of  the  stars  may  not  per- 
iii^  bo  uueuded  with  any  perceptible  alteration  in  their  power  of  ra- 
diating heat.  But  before  we  can  speculate  with  advantage  in  this  nevr 
iod  iaterestbg  field  of  inquiry,  we  require  more  facts  and  observations. 

Supimed  gradual  diminution  ^  the  Mrth*t  pnmMve  Aeal.— The 
giadaal  diminution  of  the  supposed  primitive  heat  of  the  globe  baa  been 
Ksorted  to  by  many  geologists  as  the  prindpal  cause  of  alterations  of 
eliaiste.  The  matter  of  our  planet  is  imagined,  in  accordance  with  the 
conjectures  of  LeibniU,  to  have  been  originally  in  an  intensely  heated 
state,  and  to  have  been  parting  ever  since  with  portions  of  its  heat,  and 
W  the  same  time  contracting  its  dimensions.  There  are,  undoubt<*dly, 
good  grounds  for  inferring  from  recent  observation  and  experiment,  that 
the  tempemtui  ■  •>!"  the  earth  increases  as  we  descend  from  the  surface 
to  that  slijrht  depth  to  which  man  can  penetrate :  but  there  are  no 
pobiUve  pro(jfs  of  a  secular  decrea&e  of  iulcrnal  heat  accompanied  by 
ecntraclloD.  On  the  contrary,  La  Place  has  shown,  by  reference  to 
artnmomical  observations  made  in  the  time  of  Hipparchus,  that  in  the 
hM  two  thousand  years  at  least  there  has  been  no  sensible  conttactiou 
^  the  globe  by  cooling ;  for  had  this  been  the  case,  even  to  an  ez- 
tnoidy  small  amounty  the  day  would  have  been  shortened,  whereas  ita 
hngth  has  certafaily  not  diminished  during  that  period  by  yi^th  of  a 

NSOOd. 

Baron  Fourier,  after  making  a  curious  series  of  experiments  on  the 

cooling  of  incandescent  bodies,  considers  it  to  be  proved  mathematically, 
that  Ute  actual  distribution  of  heat  in  the  earth's  envelope  is  precisely 

•  i*roc«edU)^  Boy.  ABtrooom.  Soc.  Xo.  iiL  Jan.  1840. 
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that  whicli  would  have  taken  plaee-if  the  globe  had  been  formed  ia  a 
medium  of  a  very  high  temperature,  and  had  afterwards  been  constanllj 
cooled.*    He  contends,  that  although  no  contraction  can  be  demoo- 

strated  to  have  taken  place  within  the  historical  period  (the  operation 
heinfT  slow  nnd  the  lime  of  observation  limited),  yet  it  is  no  less  certain 
thiit  heat  is  annually  passing  out  by  radiation  from  the  interior  of  the 
globe  into  the  planetary  spaces.  He  even  undertook  to  demonstrate 
that  the  quantity  of  heat  thus  transmitted  into  space  in  the  course  of 
every  century,  through  every  square  metre  of  the  earth's  surface,  would 
Ruffice  to  melt  a  column  of  ice  having  a  square  metre  for ^  base,  and 
being  thtee  metres  (or  9  feet  10  mcfaes)  high. 

It  is  at  the  same  time  denied,  that  Uiera  is  any  assignable  mode  b 
which  the  heat  thus  lost  by  radiatkm  can  he  agam  restored  to  the  earth, 
and  consequently  the  interior  of  our  planet  must,  from  the  moment  of 
its  creation,  have  been  snbjeet  to  refrigeration,  and  is  destined  together 
with  the  sun  and  stars  forever  to  grow  colder.  But  I  shall  pobt  out 
in  the  sequel  (chapter  31)  many  objections  to  these  views,  and  to  the 
theory  of  the  intense  heat  of  the  earth's  centml  nucleus,  and  shall  then 
inquire  how  far  the  obscn'cd  auj^mentation  of  temperature,  as  we  de- 
scend below  the  surf.ice,  ma)'  b<^  referable  to  other  causes  unconnected 
with  the  supposed  pristine  fluidity  of  the  entire  i^lobe. 


CHAPTER  IX. 

IBBORT  OF  THB  PROORB88XTB  DSYKLOPIfllfT  OF  OMAMIO  UfE  AT 

BuoCBSsnn  oeologioal  periods. 

Ihenyof  the  pro^esMva  develo|Nneai  of  organic  hfe — Evidence  in  it«  support 
incoDduiive— Vertebratttd  aninMls,  imd  plsnts  of  the  most  perfect  orgudxatidh, 
in  etrsla  of  very  bifrfi  antiqmty— Difbreiioe*  beiweeo  the  organic  remains  «it 

successive  formations — Comparative  tnodorn  origin  of  th<>  human  raoe — The 
popular  tloctriue  of  .'«ucct'«sivo  dcvelopriu'dt  not  cstaMi-ln"!  by  flir  acimi-^sior. 
thut  man  is  of  modem  urigiit — IntroduclioD  of  mm,  to  wiiat  cxicul  a  chaQge  in 

the  system. 

Progressive  development  of  organic  life. — In  the  preceding  chapters  I 
have  considered  whether  revolutions  in  the  general  climate  of  the  joflobe 
afford  any  just  ground  of  opposition  to  the  doctrine  xhwi  tho  firmer 
chani^cs  of  the  earth  wliich  are  treated  of  in  geology  bt  loug  lo  one  un- 
interrupted series  of  pli>.-,i<  il  events  governed  by  ordinary  causes. 
Agiiinst  this  doctrine  sonie  popular  arguments  have  been  derived  fiom 
the  great  vicissitudes  of  the  org^c  creation  in  times  past ;  I  bluiii 

*  See  a  Memoir  on  the  Temperature  of  the  Terrestrial  Globe,  and  the  Flsas^ 
•TV  Spaeei^  Aika.  de  Chimio  ot  Pbyt.  torn.  xxfiL  p.  IMw  Oct  1824. 
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tberefoTQ  proceed  to  the  diseoarion  of  mch  objeottonSp  whksh  have  beec 
Uiw  formftlly  advanced  by  the  late  Sir  Humphrey  Davy.   "  It  i»  im- 
posriUe /'  he  afflniw»  '*  to  defend  the  proposition,  that  the  present  order 
of  things  is  the  andent  and  constant  order  of  nature,  only  modified  by 
entbg  laws:  in  those  strata  which  are  deepest,  and  which  mnst^  oon- 
•eqseBlly,  he  supposed  to  be  the  earliest  deposited,  fon^is  oven  of  ve- 
K^able  life  are  rsire ;  shells  and  vegetable  remains  are  found  in  the  next 
order ;  the  bones  of  fishes  and  oviparous  reptiles  exist  in  the  following 
class ;  the  remains  of  birds,  with  those  of  the  same  genera  mentioned 
tx'fore,  in  t|p  next  order ;  those  of  quadrupeds  of  extinct  species  in  a 
stili  more  recent  class ;  and  it  is  onlv  in  (he  ]rM»se  and  slightly  consoli- 
dated strata  of  gravel  and  sand,  and  wliicli  are  usually  called  diluvian 
fonnaiions,  that  the  remains  of  animals  such  as  now  people  iho  globe 
IIS  found,  with  others  belonging  to  extinct  species.    But,  in  none  of 
dnse  formations,  whether  called  secondary,  tertiary,  or  diluvial,  have 
the  nnains  ef  man,  or  any  of  bis  works,  been  discovered ;  and  who- 
<*(r  dwells  upon  this  subject  must  be  convinced,  that  the  present  order 
^tUsgi,  sod  the  comparatively  recent  existence  of  man  as  the  mastet 
flf  the  globe,  is  as  certain  as  the  destruction  of  a  former  and  a  different 
Oder,  and  the  extinclKm  of  a  number  of  living  forma  which  have  no 
Up^  in  being.   In  the  oldest  secondary  strata  there  are  no  remains  of 
such  anioMls  as  now  heknig  to  the  surface ;  and  in  the  rocks,  which 
iTHv  be  regarded  as  more  recently  deposited,  these  remains  occur  bi^ 
Kir^ly,  and  with  abundance  of  extinct  species  ; — there  seems,  as  it  were, 
a  gradual  approach  to  the  present  system  of  things,  and  a  succession  of 
desiniclions  and  creations  pre[)aratory  to  the  existence  of  man."* 

In  the  above  passages,  the  author  deduces  two  important  conclusions 
from  geological  data:  first,  that  in  the  successive  groups  of  strata, 
fiwB  the  oldest  to  the  most  recent,  there  is  a  progressive  development 
^'oiigamc  Ufe,  from  the  simplest  to  the  most  complicated  forms  ;— 
"^Modlj,  that  nan  is  of  comparatively  recent  origin,  and  these  conelu- 
^  he  regards  as  moonsisteot  with  the  doetrioe,  *'  that  the  present 
order  of  things  is  the  ancient  and  constant  order  of  nature  only  modified 
l>r»irtiDgkws." 

^ith  respect,  then,  to  the  first  of  these  propositionB,  we 'may  ask 

^^Kher  the  theory  of  the  progressive  doFelopment  of  animal  and  vege- 
table life,  and  their  successive  advancement  from  a  simple  to  a  more 
perfect  state,  has  any  secure  foundation  in  fact  t    No  geologists  who 
ure  in  possession  of  all  the  data  now  established  respecting  fossil  rc- 
mm,  will  for  a  moment  contend  for  the  doctrine  in  all  its  detail,  as 
I'lid  down  by  iht  (!;^Il^guished  philo'^npher  to  whose  opinions  wc  hrrve 
referred;  but  n  itut  ilists,  who  are  not  unacquainted  with  recent  discov- 
eries, contmuc  to  defend  it  in  a  modified  form.    They  say  that  in  the 
firat  period  of  the  world  (by  which  they  mean  the  earliest  of  which  we 
ssveyet  brought  to  light  any  memorials),  the  vegetation  was  charac* 
lened  by  a  predominanee  of  cryptogamic  plants,  while  the  animals 

^Sr  H.  Davy,  Cousolatiuos  in  Travel :  Dialogue  III.  "  Ibe  Unknown.'* 
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which  eoexuted  weie  almost  entirely  oonfined  to. zoophytes,  toitaoea* 
and  a  few  6sh.  Plants  of  a  lest  ample  stnietnre,  conifene  and  eyca- 
dem,  flourished  largely  in  the  neit  epoch,  when  oviparooa  reptiles  beg^n 
also  to  abound.  Lastly,  the  terrestrial  flora  became  moat  diTeiaified 
and  most  perfect  when  the  highest  ordeia  of  animals,  the  mammalia 
and  birds,  were  called  into  existence. 

Now  in  the  first  phice,  it  may  be  obeenred,  that  many  mituralists  are 
guilty  of  no  small  inconsistency  in  endeavoring  to  connect  tlie  phe- 
nomena of  llic  earliest  vegetation  widi  a  nascent  condition  of  organic  life, 
and  at  the  sumo,  time  to  de  duce  Iruin  the  numerical  pro^^minance  of 
certain  forms,  tiic  greater  heat  or  uniformity  of  the  ancient  climate. 
The  arguments  in  favor  of  the  latter  conclu>ioii  are  without  any  force, 
unless  we  can  assume  tliat  the  rules  followed  by  the  Author  of  2s  aim o 
in  the  creation  and  distribution  of  oiganic  beings  were  the  same  for« 
merly  as  now ;  and  that*  aa  certain  familiea  of  animals  and  plants  aro 
now  most  abundant  In,  or  exclusively  confined  to  regions  where  there  is 
a  certain  temperature,  a  certain  degree  of  humidi^,  a  certun  intensity: 
of  U^t,  and  other  conditions,  so  also  analogous  phenomena  were  ex- 
hibited at  every  former  era. 

If  this  postulate  be  denied,  and  the  prernlcnce  of  particular  familiea 
be  declared  to  depend  on  a  c<>rtain  order  of  preccdeoce  in  the  introduc- 
tion of  different  classes  into  the  earth,  and  if  it  be  maintained  that  the 
standard  of  organization  was  raised  successively,  we  must  then  ascribe 
the  numerical  preponrleranee.  in  the  earlier  ages,  of  plants  of  simpler 
structure,  not  to  the  heat,  or  other  climatal  conditions,  but  to  those  dif- 
ferent laws  which  regulate  organic  life  in  newly  created  worlds. 

Before  we  can  infer  a  warm  and  unjiurm  temperature  in  high  lati- 
tudes, from  the  presence  of  250  species  of  ferns,  some  of  them  ai-bo- 
rescent,  accompanied  by  I}  i  <']>adiac&  of  huge  BiBe,and  arsncarisBy  we 
must  be  permitted  to  assume,  that  at  all  times,  past,  present,  and 
future,  a  heated  and  moist  atmosphere  pervading  the  northern  hemi- 
sphere has  a  tendency  to  produce  m  the  vegetation  a  predominance  ^f 
analogous  forms. 

It  should  moreover  be  home  in  mind,  when  we  are  considering  the 
question  of  development  from  a  botanical  point  of  view,  that  naturalists 

are  by  no  means  agreed  as  to  the  existence  of  an  ascending  scale  of 
organization  in  the  vegetable  world  corre<}innding  to  that  whicli  is  verv 
generally  recognized  in  animals.  "From  the  sponge  to  man,"  in  the 
language  of  De  Blainville,  there  may  be  a  progres^ive  chain  of  being, 
although  often  broken  and  imperfect;  but  if  we  seek  to  classify  plants 
according  to  a  linear  arrangeutent,  ascending  gradually  from  the  lic:hen 
to  the  lily  or  the  rose,  we  encounter  incomparably  greater  difficulties. 
Yet  the  doctrine  of  a  more  highly  developed  organisation  m  the  plants 
created  at  anccessive  periods  presupposes  0e  admission  of  sncsh  a 
graduated  scale. 

We  have  as  yet  obtained  but  scanty  information  respecting  the  f4ato 
of  the  terrestrial  flora  at  periods  antecedent  to  the  coaL  In  the  eatHtoo* 
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tferous  epoch,  about  500  species  of  fanil  plants  are  oiiinienited  hf 
Adolphc  Brongoiart,  which  we  may  safely  regard  as  a  mere  fragment  of 

an  ancient  flora ;  since,  in  Europn  alono,  there  are  now  no  less  than 
11,000  living  spccifs.    1  have  already  hinted  that  the  plants  %vhich 
produci  d  coal  were  not  drifted  from  a  distance,  but  that  nearly  all  of 
t'lr.a  t^rrew  on  ilic  spots  where  they  became  fossil.    They  appear  to 
luivc  bt'Ionfred,  as  before  exphiined  (p.  115),  to  a  peculiar  class  of  sta- 
Uong, — to  low  level  and  swampy  regions,  in  the  deltas  of  large  rivers, 
•fighlly  elevated  above  the  level  of  the  sea.    From  the  study,  there- 
fon,  of  such  a  vegetation,  we  esa  derive  but  littk  insight  into  the  na- 
Mae  of  the  eonCemporaneous  upland  flora,  sttU  less  of  the  plants  of  the 
Domtainous  or  Alpine  countiy  >  and  if  so^  ira  are  enabled  to  aceomt 
tot  the  apparent  monotony  of  the  vegetation,  although  its  uniform 
shmcter  was  doubtless  in  part  owing  to  a  greater  uniformity  of  climate 
tiien  prevailing  throughout  the  globe.  Some  of  the  commonest  trees  <tf 
this  period,  such  as  the  eigiliario^  which  united  the  structure  of  fens 
and  of  cycadese,  departed  very  widely  from  all  known  living  types. 
The  conifora}  and  ferns,  on  the  contrary,  were  very  closely  allied  to 
living  Ljencra.    It  is  remarkable  that  none  of  the  cxo^^ens  of  Lindley 
(flicutyledonous  nnpjiosperms  of  Brongniart),  which  comprise  four- 
fiiiiisof  the  living  flora  of  the  globe,  and  include  ail  the  forest  trees  of 
Europe  except  the  fir-tribe,  ha\  e  yet  been  discovered  in  the  coal  meas- 
ures, and  a  very  small  narnbcr — fifteen  species  only^ — of  monocotyle- 
^<nK.  If  several  of  these  last  are  true  plants,  an  opinion  to  which  Messrs. 
I^idky,  Unger»  Oorda,  and  other  botanists  of  note  incfine,  the  question 
vbetbersay  of  the  most  highly  organized  plants  are  to  be  met  with  in 
■ncieot  atmta  is  at  once  answered  in  the  affirmative.   But  the  determi* 
BMioo  of  these  palms  b^g  doubtful*  we  have  as  yet  in  the  coal  no 
potttire  proofs  either  of  the  eiistence  of  the  most  perfect,  or  of  the 
Most  simple  forms  of  flowering  or  flowerless  vegetation.   "We  have  no 
^ungi.  lichens,  hepatici  or  mosses:  yet  this  hitter  chiss  may  have  been' 
f  ill  ,  represented  then  as  now. 

in  the  flora  of  the  second ar}'  ems,  nil  botanists  agree  that  palnvj 
txMed,  although  in  Europe  plants  of  tin  family  of  aimia  and  cycas 
together  with  conifer®  predominated,  and  must  have  given  a  peculiar 
aspect  to  the  flora.  As  only  200  or  300  species  of  plants  are  known 
in  all  the  rocks  ranifincr  from  the  Trias  to  the  Oolite  inclusive,  our  data 
•re  too  scanty  as  yet  to  aliirrn  whether  the  vegetation  of  this  second 
epoch  was  or  was  not  on  the  whole  of  a  simpler  organizadoa  than  that 
of  ear  own  timeSi 

In  the  Lower  Cretaceous  formatkdi,  near  Aix«la>Chapel]e»  the  leaves 
of  « great  many  dicotyledonous  trees  have  lately  been  discovered  by 
Br.  I)ebey>  establishing  the  important  fact  of  the  coexistence  of  a  large 
Dumber  of  aogiosperms  with  cycadese,  aod'Witb  that  rich  reptilian  fauna 
Muprising  the  iehthyosaurp  plesiosaur,  and  pterodactyl,  which  some  had 
'apposed  to  indicate  a  state  of  the  atmosphere  unfavorable  to  a  dicoty- 
UoQous  vegetation. 
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The  nvfliber  of  plants  hitherto  obtaiaed  from  iertiaty  atnta  of  differ' 

^t  ages  is  very  limited,  but  is  rapidly  increasing^.  They  are  referable 
to  a  much  trf  :it»T  variety  of  families  and  clashes  than  aa  eqaal  number 
of  fossil  species  talien  from  secondary  or  primarv  rocks,  the  angio- 
spi  riiis  Ix-aring  the  s;«m«'  proportion  to  the  gymnos perms  aud  acroo^ens 
as  in  the  pre^r-nt  fluia  ui  ihe  gioU?.  This  greater  variety  nmv,  doubtless, 
be  partly  aacnbed  to  the  gre4Uer  diYcn>ity  of  stations  in  which  the  planum 
grew,  as  we  have  in  this  case  an  opportunity,  rarely  enjoyed  in  stiidy- 
mg  the  eeeondaty  fossib^  of  investigating  inland  or  heyslriDe  deposits 
aeenmiilated  at  different  heighta  abore  the  sea»  and  eontaining  the  me- 
■Mriak  of  planla  washed  down  from  adjeidng  mouniiinB. 

Lt  rqipard,  then,  to  the  stiata  from  the  eretaceoos  to  the  nppennoat 
tertiary  inclusive*  we  may  affirm  that  we  find  in  them  all  the  principal 
classes  of  living  plants,  and  during  this  vast  lapse  of  time  fonr  or  five 
complete  changes  in  the  vegetation  occurred,  yet  no  step  whatever  was 
made  in  advance  at  any  0$  these  periods  by  the  additioo  of  more  highly 
organized  species. 

If  we  next  turn  i  i  ilie  fossils  of  the  animal  kmgdom,  we  may  inquire 
whether,  when  ilw  ar.^  arranged  by  the  geologists  in  a  chronological 
series,  they  imply  liiai  U-ings  of  more  highly  developed  structure  and 
greater  intelligence  entered  upon  the  ^urth  at  sticc^siTe  epochs,  those 
of  the  simplest  ergamnAion  hemg  the  fiist  ereated,  and  those  more 
h^hty  organised  heing  the  last 

Onr  knowledge  of  the  Sihirian  frnna  is  at  present  derived  eoCiicly 
horn  rocks  of  marine  origin,  no  fresh-water  strata  of  such  high  antiquity 
having  yet  been  met  with.  Thd  fossils,  however,  of  these  ancient  rocks 
aft  oooe  reduce  the  theory  of  progressive  development  to  within  very 
narrow  limits,  for  already  they  comprise  a  very  full  representation  of  the 
radiaUi,  mollusca,  and  ariiculata  proper  to  the  sea.  Thus,  in  the  great 
division  of  radiata,  w*^  find  asteriod  und  helianthoid  zoophytes,  be- 
sid^'s  rrinoid  and  cystidean  echinotierms.  In  the  mollusca,  between 
200  and  300  species  of  cephalopoda  are  enumerated.  In  the  articulata 
we  have  the  crustaceans  represented  by  more  than  200  specie^*  of  trilo 
Intes,  besides  other  genera  of  the  same  class.  The  rcmaina  of  fish  are 
as  yet  confined  to  the  upper  part  of  the  Silurian  series ;  bnt  some  of 
these  belong  to  placoid  fish,  which  occupy  a  high  grade  In  the  scale  of 
organimtioo.  Some  naturalists  have  assumed  that  the  earliest  fauna 
was  delusively  marine,  because  we  have  not  yet  found  a  single  Silurian 
helix,  insect,  bird,  terrestrial  reptile  or  mammifer;  bnt  when  we  carry 
back  onr  investigation  to  a  period  so  remote  from  the  present,  we  ought 
not  to  be  surprised  if  the  only  acA^essible  strata  should  be  limited  to 
deposits  formed  far  from  land,  because  the  ocean  probably  occupied 
tlu  n,  as  now,  the  greater  part  of  the  earth's  surface.  After  so  manv 
enure  geoi^raphical  revolutions,  tht;  duinccs  are  nearly  three  to  one  in 
favor  of  our  tindinij^  that  such  small  portions  of  the  existing  cui  unents 
and  islands  fis  expose  Silurian  strata  to  view,  should  coincide  in  pui.iLtuu 
with  the  ancient  ocean  ruihcr  than  the  laud.    We  must.  ixuL,  therefc>rt^ 
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too  Iut(3y  iiijter»  from  the  absence  of«  foflsil  bones  of  mammalia  ia  the 

oldmr  rocks,  tbat  tbe  b^;best  clan  of  ▼ertebrated  animals  did  not  exist 

in  femoter  sges.  There  are  regions  at  present,  in  the  Indian  and  Pacific 

Oceans,  coextensive  in  area  with  the  continents  of  Europe  and  North 

America,  where  we  might  dredcfp  the  bottom  and  draw  up  thf>n'<;md8 

of  shi'lh  VLr\(\  corals,  without  obtaining  one  bone  of  a  land  quacli  Lij  ird.  . 

Suppose  our  mariuers  were  to  report,  that,  on  soundint^  in  the  Indian 

Ocean  near  some  coral  reefs,  and  at  some  distancf  .n m  the  land,  they 

drew  up  on  hooks  attached  to  their  line  portions  ol  a  leopard,  elephant, 

or  tepir,  ohoold  we  not  be  skeptical  as  to  the  accuracy  of  theur  8tate> 

aMOtef  and  if  we  had  no  doubft  of  their  Teracity,  might  we  not  raspeet 

then  to  be  unskilful  naturaliata?  or,  if  the  fact  Tere  unquestioned, 

ikooU  we  not  be  dbposed  to  belieye  that  some  Toseel  had  beioa  wrech- 

«d  on  the  spot  ? 

The  casualties  must  always  be  rare  by  which  land  quadrupeds  are 
swept  by  rivers  far  out  into  the  open  sea,  and  still  rarer  the  ooatiogeney 
cf  such  a  floating  body  not  being  devoured  by  sharks  or  other  predft- 
ceojs  fish,  s'uch  as  were  those  of  which  we  find  the  teeth  prcsnr\'cd  in 
some  of  the  carboniferous  strata.  But  if  the  carcass  should  escape,  and 
^]iu\i\d  hajijit  n  lo  Miik  where  Sediment  was  in  the  act  of  a <■  cumulating, 
.uid  11  ibe  fUHiK  iiiu-  c  ;iusr>  of  s.uij>'  <] uriit  d LSI ntej:,' ration  should  not  ef- 
fiice  all  traces  oi  the  body,  included  lor  countless  ages  in  solid  rock,  is 
it  not  contrary  to  all  calculation  of  chances  that  we  should  hit  upon  the 
aaet  spot — ^that  mere  point  in  the  bed  of  an  ancient  ocean,  where  the 
predous  relic  was  entombed  ?  Can  we  expect  for  a  moment,  when  we 
bare  ooiy  onoeeeded,  amidst  several  thousand  fragmenta  of  corala  and 
ibells,  in  finding  a  lew  bones  ol  aquaih  or  amphibhuM  animals,  that  we 
ihoold  meet  with  a  single  skeleton  of  an  mhabitant  of  the  land  ? 

CIsienoe,  m  his  dream,  saw,  '*in  the  sfimy  bottom  of  the  dei^p," 

 a  thousand  fearful  wrecks ;  . 

A  tiiousand  mea,  tbat  fishes  gnaw'd  upon : 
If  edges  of  gold,  great  tncbori^  beape  of  pearL 

Had  be  also  heboid,  amid  "  the  dead  bones  tbat  lay  scattered  by,**  the 
caitasses  of  lions,  deer,  and  the  other  wild  tenants  of  the  forest  and  the 
plain,  tbe  fiction  would  have  been  deemed  unworthy  of  the  ^renins  of 
Shafepcare.  So  daiinG;  a  disrerrard  of  probability  and  violation  of  anal- 
ogy would  have  been  condnmnf  rl  unpardonab^*.  r  ven  where  the  poet 
^as  paintings  tho^e  incongruous  images  which  present  themselves  to  a 
disturbed  imagination  during  the  visions  of  the  night. 

Until  lately  it  was  supposed  that  the  old  red  sandstone,  or  Devonian 
rocb,  contained  no  vertebrate  remains  except  those  of  fish,  but  in  1850 
19m  footprints  of  a  eheloniaa,  and  in  1851  the  skeleton  of  a  reptile,  a1- 
l^d  both  to  the  batrachians  and  Itsardsj  were  found  in  a  sandstone  of 
^  age  near  Elgin  in  Sootknd.*  Up  to  the  year  1844  it  was  laid 
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down  as  a  rcr.(  ivp(]  dogma  in  manv  w(.ik>  of  h\rrh  authority  in  geology, 
LiiuL  repulci  were  not  created  until  after  the  close  of  the  carboniferous 
epoch.  In  the  course  of  that  year,  however,  Hermann  Yon  Meyer  an- 
Dounoed  the  disooTery,  in  the  coal  meaanret  of  Bhenish  Bavaria,  of  a 
reptile,  ealled  by  him  Apateoa,  related  to  the  aalamaodeta ;  and  in 
1847  three  epeciea  of  another  genua,  called  arebegosanraa  bj  Ooldfoaa^ 
were  obtained  from  the  coal  of  Saarbliicky  between  Treves  and  Stras* 
buri^.  The  footprints  of  a  large  quadruped,  probably  bairat  hian,  had 
also  been  ob«;r»rved  by  Dr.  King  in  the  carboniferooa  roek?  of  Pennsyl- 
vania in  184  4.  The  first  example  of  the  hours  of  a  r(»pti]e  in  the  Coal 
of  \ortli  America  was  detected  so  latolv  as  September,  18.o2.  bv  Mr, 
G.  W.  Dawson  and  myself  in  Isova  Scotia.  These  remains,  referred  by 
Messrs.  Wyman  and  Owen  to  a  perennibranchiate  balrachian,  were  met 
with  in  the  interior  of  an  erect  fosiiil  tree,  apparently  a  sigillaria.  They 
seem  clearly  to  have  been  introduced  together  with  sediment  into  the 
tree,  doring  its  submeigenoe  and  after  it  had  decayed  and  ma  atanding 
aa  a  hollow  cylinder  of  bark,  thia  bark  being  now  eonverted  into  eoo]. 

When  AgaasiSf  in  his  great  work  on  fosaQ  fish,  described  15S  apeciea 
of  bhthyolitea  from  the  Coal,  he  fonnd  them  to  oonsist  of  94  plaooida, 
belonging  to  the  familiea  of  shark  and  ray,  and  58  i^'^noida.  One  fam- 
ily of  the  latter  he  called  "  sanroid  fish,"  including  the  megalicthys  and 
holoptychius,  r>fi.  n  of  qrcat  size,  and  all  predaceous.  Althongh  tone 
fish,  and  not  ititi  rmediate  between  that  class  and  reptiles,  thev  seem  to 
have  h'  ?'n  more  highly  orixanized  than  anv  livin«j  fish,  remindinij  us  of 
the  skcleions  of  saurians  by  the  close  sutm-'  uf  their  cranial  bones,  their 
lar^e  conical  teeth,  striaU:d  iongitudiauliy,  and  the  articulation  of  the 
spinous  procesisCii  with  the  vertebrae.  Among  living  species  they  are 
most  nearly  alUed  to  the  lepidosteus,  or  bony  pike  of  the  North  Ameri* 
can  riveia.  Before  the  recent  progress  of  discoveiy  abore  alloded  to 
had  shown  the  fallacy  of  snob  ideas,  it  was  imagined  by  some  geolo- 
gbta  that  this  ichthyic  type  waa  the  more  highly  dey^loped,  becanse  it 
took  the  lead  at  the  head  of  nature  before  the  class  of  reptilea  had  been 
created.  The  confident  assumption  indulged  in  till  the  year  1 844,  that 
>  reptiles  were  first  introduced  into  the  earth  in  the  Permian  period,  showa 
the  danger  of  taking  for  granted  that  the  date  of  the  creation  of  any 
family  of  animalf?  or  plants  in  past  time  coincides  with  the  age  of  the 
oldest  stratified  rock  in  which  the  geologist  has  detected  its  remains. 
Nevertheless,  after  repeated  disappointments,  we  find  some  naturahsts 
as  much  disjiosed  as  ever  to  rely  on  such  nojorative  evidence,  and  to  feel 
now  as  sure  that  reptiles  were  not  introduced  into  the  earth  till  after 
the  Silurian  epoch,  as  they  were  in  1844,  that  they  appeared  for  the 
first  time  at  an  era  subsequent  to  the  carboniferoua. 

Scanty  as  is  the  infonnation  hitherto  obtained  in  regard  to  the  artico- 
lata  of  the  conl  formation,  we  haye  at  least  ascertained  that  some  in- 
aecta  wmged  their  way  through  the  ancient  forests.  In  the  ironstone 
of  Coalbrook  Dale^  two  species  of  coleoptera  of  the  Linnaean  geoua  cnr> 
enlio  have  been  met  with :  and  a  neuropterooa  insect  resembling  a  o(H 
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TjiiSt,  tog«Ui«r  with  anoiber  of  the  aame  arder  related  to  the  pbaa* 
vadm.  As  an  eiample  of  the  inseetivoroiu  araobnidn,  I  may  meotioc 
tiie  seorpioii  of  the  Bohemian  coal,  figured  by  Coant  Sternberg,  in  wbieb 
even  tlu'  f  yes,  akin,  and  minute  hairs  were  preserved.*   We  need  not 

despair,  therefore,  of  obtaining  eventually  foi^sil  representatives  of  all 
the  principal  orders  of  hexapods  and  arachnidae  in  carboniferous  strata. 

Next  in  chronoloijical  order  above  the  Co:il  comos  tho  allied  Mngne- 
gian  Limtstone,  or  Permian  group,  and  the  secondary  formations  from 
the  Trias  to  the  Chalk  inclusive.  Tliese  rocks  comprise  the  monuments 
of  a  long  scries  of  ages  in  which  reptiU  s  of  every  variety  of  size,  form, 
aad  jstructure  peopled  the  earth  ;  so  that  the  whole  period,  and  especially 
(bat  of  the  Lias  and  Oolite,  has  been  sometimes  called  "  the  age  of  rep- 
tilei.'*  Aa  there  are  now  nuumnaliA  entirely  confined  to  the  land ;  others 
vliich,  like  the  bat  and  vampire,  fly  in  the  air ;  others,  again,  of  amphibi-' 
oas  habits,  frequenting  riren,  like'the  hippopotamus,  otter,  and  boBrer ; 
others  etclustvely  aquatic  and  marine,  like  the  aeal,  whale,  and  narwal ; 
10  in  the  early  agea  under  consideraUon,  there  were  torrestrial,  winged; 
and  aquatic  reptiles.  There  were  iguanodons  walking  on  the  land,  ptero- 
dactyls winging  their  way  through  the  air,  monitors  and  crocodUea  in 
the  rivers,  and  ichthyosaurs  and  plesiosanrs  in  the  ocean.  It  appears 
abo  that  some  of  these  ancient  saurians  approximated  more  nearly  in 
tbeir  ori^anization  to  the  type  of  living  mammalia  than  do  any  of  the 
reptik-s  now  existing. f 

In  the  range  of  strata  above  alluded  to,  comprising  the  Permian, 
the  Upper  New  Red  Sandstone  and  Muschelkalk,  the  Lias,  Oolite, 
Wealden,  Green-sand,  and  Chalk,  scarcely  any  well-authenticated  in- 
ttiQcet  of  the  ocemronce  of  fossil  birds  u  Europe  are  on  record^  and 
Mly  two  or  three  of  fossil  mammalia. 

In  regard  to  the  absence  of  birds,  they  are  nanaUy  wanting,  for  rea- 
«00B  sfterwards  to  be  eiplained  (see  chap.  47),  in  deposits  of  all  ages^ 
Wen  in  the  tertiary  periods,  where  we  know  that  birds  as  well  as  land 
^ttdrupeds  abounded.  Some  at  least  of  the  fossil  remains  formerly  le-* 
ferred  to  this  class  in  the  Wealden  (a  great  freshwater  deposit  below 
f'le  chalk),  have  been  recently  shown  by  Mr.  Owen  to  belong  to  ptero- 
•i^tdyU.^  But  in  North  America  still  more  ancient  indications  of  the 
exi^n-n  -e  of  the  feathered  tribe  have  been  dt.  tecled,  the  fossil  foot-marks 
<wf ;» great  variety  of  specit-s,  of  various  sizes,  some  lari^er  than  the  ostrich, 
otWrs  smaller  than  the  plover,  having  been  observed.  These  bipeds 
bi^ve  left  marks  of  their  footsteps  on  strata  of  an  age  decidedly  interme- 
fiste  between  the  Lias  and  the  Coal.§ 

The  eiamples  of  mammalia,  above  alluded  to,  are  conlined  to  the  Trias 
*mI  the  Oolite,  In  the  former,  the  evidence  b  as  yet  Ihidted  to  two 
MmO  molar  teeth,  described  by  Professor  Pliemnger  m  1847,  nnder  the 

*  Buckland's  Bridgewater  Treatue,  p.  409. 

1 Owen's  Report  on  -  Britiab  Foaril  R«ptilat,  to  Brit  Soe.**  184!.  p  floa 
Quart  Jotim.  Geol.  Sot  No.  6.  p.  96. 
See  Hitchcock  a  Report  oo  tieoL  of  Maaaachosetta,  and  LyeU's  Traveli  in 
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generic  name  of  Microlestes.  They  were  found  near  Stuttgart,  and  pos- 
sess the  double  fangs  so  characteristic  of  mammalia.*  The  other  fossil 
remains  of  the  same  class  were  derived  from  one  of  the  inferior  members 
of  the  oolitic  series  in  Oxfordshire,  and  afford  more  full  and  satisfactory 
evidence,  consisting  of  the  lower  jaws  of  three  species  of  small  quadru- 
neds  about  the  size  of  a  mole.  Cuvier,  when  he  saw  one  of  them  (during 


jraturalSiM. 


TbjlaeoUieriam  PrcToeUi  (  Val^ei^nft).   Amphitheriam  (Own). 

elate  of  Stonesflcld,  near  OxIonLt 


Lower  Jaw,  from  tb« 


MjniMrobius  fasciatus  (TFa<4>rAou«<'>.  Recent 
from  8waa  Biver.   Lower  Jaw  of  tbe  natural 


a  visit  to  Oxford  in  1818),  referred  it  to  the  marsupial  order,  stating, 
however,  that  it  differed  from  all  known  carnivore  in  having  ten  molar 
teeth  in  a  row.  ^*rofcssor  Owen  afterwards  pointed  out  that  the  jaw 
belonged  to  an  extinct  genus,  havinpr  considerable  affinity  to  a  newly 
discovered  Australian  mammifer,  the  Myrmecobius  of  Waterhouse,  which 
has  nine  molar  teeth  in  the  lower  jaw.  (Fig.  9.)  A  more  perfect  speci- 
men enabled  Mr.  Owen  in  1840  to 
^  prove  that  the  inflection  of  the  an- 

gular process  of  the  lower  jaw  was 
not  sufficiently  marked  to  entitle 
the  osteologist  to  infer  that  this 
quadruped  was  marsupial,  as  the 
process  is  not  bent  inwards  in  a 
*  greater  degree  than  in  the  mole  or 

hedgehog.  Hence  the  genus  amphitherium,  of  which  there  are  two 
species  from  Stonesfield,  must  be  referred  to  the  ordinary  or  placental 

•  Sec  Mannal  of  Geol,  by  the  Author,  index  Mierolrrtes. 

f  This  figure  {Na  8)  is  from  a  drawing  by  Profeswr  C.  Prevost,  published  Ann 
des  ScL  Nat.  Avril,  1825.  Tbe  fosail  is  a  lower  jaw,  adhering  by  its  inner  tide  to 
the  slab  of  oolite,  in  which  it  is  sunk.  The  form  of  the  condyle,  or  posterior  pro- 
cess of  the  jaw,  is  convox,  agreeing  with  the  mnmmiferous  type,  and  is  distinctly 
Been,  an  impre».«ion  of  it  being  left  on  the  stone,  although  in  thi.4  specimen  the  bone 
is  wanting.  The  anterior  part  of  the  jaw  has  been  partially  broken  away,  so  that 
the  double  fangs  of  the  molar  teeth  are  seen  fixed  in  their  sockets,  the  form  of  the 
fangs  being  characteristic  of  the  mammalia.  Ten  mohirs  are  pres<>rved.  and  the 
place  of  an  eleventh  L»  believed  to  be  apparent  The  enamel  of  some  of  the  t«eth 
IS  well  preserved. 

\  A  colored  figure  of  this  small  and  elegant  quadruped  is  given  in  the  Trans. 
ZooL  Soa  vol  iL  pi.  28.  It  is  insectivorous,  and  was  tiiken  in  a  hollow  tree,  in  a , 
country  abounding  in  ant-bills,  ninety  miles  to  the  southeast  of  the  mouth  of  Swan 
Kiver  m  Australia. — It  is  the  first  living  marsupial  species  known  to  have  nine 
molar  teeth  in  the  lower  jaw,  and  some  of  the  teeth  are  widely  separated  from 
others,  one  of  the  peculiarities  in  the  thylacotherium  of  Stonesfield,  which  at  fiml 
iuduoed      Blaiuviile  to  refer  tlmt  creature  to  the  daas  of  reptiien 
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type  of  insectiyorow  mflmimiK  although  it  approximates  m  some  points 
of  structure  to  the  mynnecobius  and  allied  marsupials  of  Australia.  The 

other  contemporary  genus,  called  phascolotherium,  agrees  much  more 
MVlj  in  osteological  character  and  precisely  in  the  number  of  the  teeth 
with  the  oposaums;  and  is  believed  to  have  been  truly  iiiai8Uj[Hal. 
(fig.  10.) 


Ylf.llL 


Bocklahdl,  atc^n.  (Si/n.  DIdll 
Lower  jftw,  from  Stooeiflaul* 


The  oocQRenoe  of  these  most  ancient  memorials  of  the  mammiferoos 
tfpt,  m  80  low  a  member  of  the  oolitic  series,  while  no  other  repio* 
sentaUvet  of  the  same  class  (if  we  except  the  mierolesftes)  have  yet  been 
found  in  any  other  of  the  inferior  or  superior  secondary  strata,  is  a 
striking  fact,  and  should  serve  as  a  warning  to  us  against  hasty  general- 
izations, founded  solely  on  negative  evidence.  So  important  an  excep- 
tion to  a  general  rule  may  be  perfectly  consistent  with  the  conclusion, 
that  a  small  number  only  of  mammalia  inhabited  European  latitudes 
when  our  secondary  rocks  were  formed  ;  but  it  seems  fatal  to  the  theory 
Af  progressive  development,  or  to  the  notion  that  the  order  of  prece- 
dnee  in  the  cveatioii  of  aohnab.  eonaidered  ohronologicalljt  has  pre- 
mtHf  eoineidad  wHh  the  otder  m  whicfa  thej  vonld  be  ranked  aecord- 
ing  to  perfeetion  or  eomplexitjr  of  stmeUue. 

It  was  for  many  yean  tpggeated  that  the  nkannpial  order  to  whidi 
Hm  foeiil  animalg  of  8tonesfield  were  sappoeed  exclusively  to  belong 
constitutes  the  lowest  grade  in  the  class  Mammalia,  and  that  this  order, 
<tf  which  the  brain  is  of  more  ample  fonn,  evinoea  an  inferior  degree  of 

*ThU  figure  (No.  10}  was  taken  from  the  original,  formerly  ia  Mr.  Broderip's 
colUctioo,  and  now  in  the  Britidi  Miueum.  It  fwnwts  of  the  half  of  a  lower 
J>iv,  of  which  the  inner  side  is  s«en.  The  jaw  contains  seven  molar  teeth,  ooe 
ttoine,  and  three  incisors  ;  but  the  end  of  the  jaw  is  fractured,  and  traces  of  the 
>lvcolos  of  a  fourth  incisor  are  seen.  With  this  addition,  the  number  of  teeth 
^ooW  agree  eamctly  with  tho«e  of  a  lo-wer  jaw  of  a  didelphi«.  The  fu.<sil  w<'ll 
PfNerved  in  •  alabof  oolitic  structure  containing  gliellq  of  trigonite  and  other  nia- 
liiM  reoMUiiiL  Two  or  tbrae  other  similar  jaws,  besides  those  above  represented 
^tebcen  procured  ff>m  the  qnarrios  of  Stooesfield. — See  Broderip^  ZooL J< 
*<ii  il  p.  Owen,  Proceedings  Geol.  tioc^  Novembtf,  1888. 
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mtelUgenee.  If,  thflrefore,  in  the  oolitie  period  tbe  nannpial  tribei 
wen  the  only  waim-Uooded  quadrupeds  whieb  had  aa  yet  appealed 
upon  our  planet*  the  fact,  it  was  laid,  confinned  the  theory  whieh 
teaches  that  the  creatkm  of  the  more  simple  fonna  in  each  dirimm  of 
the  animal  kingdom  preceded  that  of  the  more  complex.  But  on  how 
•lender  a  support,  even  if  the  facts  had  continued  to  hold  true,  did  such 
important  conclusions  hang  !  The  Australian  continent,  so  far  as  it  has 
been  hithorto  explored,  contains  no  indi^-onous  quadrupeds  save  those 
of  the  niarsupiiil  order,  with  the  exception  of  a  few  small  rodents,  while 
some  neighboring  islands  to  the  nf>rth,  and  even  soiitheni  Africa,  in  the 
same  lalitude  as  Australia,  abound  in  mammalia  of  every  tribe  except 
tbe  marsupial.  We  are  entirely  unable  to  explain  on  what  physiologi- 
cal or  other  laws  this  singular  difenity  in  the  habitations  of  livbg  mam- 
maiift  depends ;  bat  nothmg  b  more  cjui  than  that  the  canses  which 
stamp  so  peculiar  a  character  on  two  different  provinces  of  wide  extent 
are  wholly  independent  of  time,  or  of  the  age  or  maturity  of  the  planet* 

The  strata  of  the  Wealden,  although  of  a  later  date  than  the  oolite  of 
Stonesfield,  and  although  filled  with  'be  remains  of  large  reptiles,  both 
terrestrial  and  aquatic,  have  not  yiekh  d  as  yet  a  single  marsupial  bone. 
Were  we  to  assume  on  such  scanty  data  that  no  warm-blooded  quadru- 
peds were  then  to  he  found  throughout  the  northern  hemisphere,  there 
would  still  remain  a  curious  subject  of  speculation,  whether  the  entire 
suppression  of  one  important  class  of  vertt-brata,  such  as  the  mammifer- 
ous,  and  the  great  development  of  another,  such  as  the  reptilian,  implies 
a  departure  from  fixed  and  uniform  rules  governing  tbe  fluctuations  of 
the  ammal  world ;  such  rules,  for  example,  as  appear  from  one  century 
to  another  to  determine  the  growth  of  certain  tribes  of  pUnts  and  ani- 
mals in  aretic,  and  of  other  tribes  in  tropical  regions. 

In  Anstoalia,  New  Zealand,  and  many  other  parts  of  the  southern 
hemisphere,  where  the  indigenous  land  quadrupeds  are  comparatively  • 
few,  and  of  small  dimensions,  the  reptiles  do  not  predominate  in  number 
or  size.  The  deposits  formed  at  the  mouth  of  an  Australian  river,  within 
the  tropics,  might  contain  the  bones  of  only  a  few  small  marsupial  an- 
imals, which,  like  those  of  Stonesfifld,  might  hereafter  be  discovered 
with  dilhcHlty  by  geologists  ;  but  there  would,  at  th«'  !^ame  time,  be  no 
megalosauri  and  other  fossil  remains,  showing  that  large  saurians  were 
plentiful  on  the  land  and  in  the  waters  at  a  time  when  mammalia  were 
scarce.  This  example,  therefore,  would  afford  a  very  imperfect  parallel 
to  the  state  of  the  aninml  kingdom,  supposed  to  have  prevailed  during 
the  secondaiy  periods,  when  a  high  tempeiature  pervaded  European 
latitudea. 

It  may  nevertheless  be  advantageous  to  point  to  some  existing  anom* 
alies  in  the  geographical  development  of  distinct  classes  of  vcrtebrata 
which  may  be  comparable  to  former  conditions  of  the  animal  creation 
brought  to  light  by  geology.  Thus  in  the  arctic  regions,  at  present, 
reptiles  are  small,  and  sometimeB  wholly  wanting,  where  l)irds,  large 
land  quadrupeds,  and  cetacea  abound.    We  meet  with  bears,  wolves. 
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foxes,  musk  oxen,  and  deer,  walruses,  seals,  whales,  and  narwals,  in  re- 
gions of  ice  and  snow,  where  the  smallest  snakes,  efts,  and  frogs  are 
rarely,  if  ever,  seen. 

A  still  more  anomalous  state  of  things  presents  itself  in  the  southern 
hemisphere.  Even  in  the  temperate  zone,  between  the  latitudes  52° 
and  56°  S.,  as,  for  example,  in  Tierra  del  Fuego,  as  well  as  in  the 
voody  region  immediately  north  of  the  Straits  of  Magellan,  and  in  the 
Falkland  Islands,  no  reptiles  of  any  kind  are  met  with,  not  even  a  snuke, 
iirard,  or  frog  ;  but  in  these  same  countries  we  find  the  guanaco  (a  kind 
of  llamu),  a  de^r,  the  puma,  a  large  species  of  fox,  many  small  rodentia, 
besides  the  seal  and  otter,  together  with  the  porpoise,  whale,  and  other 
cetacea. 

On  what  grand  laws  in  the  animal  physiology  these  remarkable  phe- 
nomena depend,  cannot  in  the  present  state  ^f  science  be  conjectured  ; 
nor  could  we  predict  whether  any  opposite  condition  of  the  atmosphere, 
in  respect  to  heat,  moisture,  and  other  circumstances,  would  bring  about 
a  state  of  animal  hfe  which  might  be  called  the  converse  of  that  above 
described,  namely,  a  state  in  which  reptiles  of  every  size  and  order 
might  abound,  and  mammalia  disappear. 

The  nearest  approximation  to  such  a  fauna  is  found  in  the  Galapagos 
Archipelago.  These  islands,  situated  under  the  equator,  and  nearly 
600  nailes  west  of  the  coast  of  Peru,  have  been  called  "  the  land  of  rep- 
tiles," 80  great  is  the  number  of  snakes,  large  tortoises,  and  lizards, 
which  they  support.  Among  the  lizard*,  the  first  living  species  proper 
to  the  ocean  has  been  discovered.  Yet,  although  some  of  these  islands 
are  from  3000  to  4000  feet  high,  and  one  of  them  75  miles  long,  they 
contain,  with  the  exception  of  one  small  mouse,  no  indigenous  mammi- 
fer.  Even  here,  however,  it  is  true  that  in  the  neighboring  sea  mere 
are  seals,  and  several  kinds  of  cetacea.* 

It  may  be  unreasonable  to  look  for  a  nearer  analogy  between  the 
fauna  now  existing  in  any  part  of  the  globe,  .ind  that  which  we  can 
show  to  have  prevailed  when  our  secondary  strata  were  deposited,  be- 
cause we  must  always  recollect  that  a  climate  like  that  now  experienced 
at  the  equator,  coexisting  with  the  unequal  days  and  nights  of  Euro- 
pean latitudes,  was  a  state  of  things  to  which  there  is  now  no  counter- 
part on  the  globe.  Consequently,  the  type  of  animal  and  vegetable 
existence  required  for  such  a  climate  might  be  expected  to  deviate 
almost  as  widely  from  that  now  established,  as  do  the  flora  and  fauna 
of  our  tropical  differ  from  those  of  our  arctic  regions. 

In  the  Tertiary  strata. — The  tertiary  formations  were  deposited  when 
the  physical  geography  of  the  northern  hemisphere  had  been  entirely 
altered.  Large  inland  lakes  had  become  numerous,  as  in  central  France 
and  other  countries.  There  were  gulfs  of  the  sea,  into  which  consider- 
able rivers  emptied  themselves,  and  where  stmta  like  those  of  the  Paris 
basin  were  accumulated.    There  were  also  formations  in  progress,  in 

•  Darwin's  JouranI,  chap,  19.    Lyell's  Manual  of  Ocol.  chap.  21,  p.  279. 
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shallow  sens  not  far  frdm  shore,  such  as  are  indicaled  by  jKHTtions  of  iha 
Faims  of  the  Loire,  and  the  English  Crap. 

The  proximity,  therefore,  of  lar^^e  tracts  of  dry  land  to  the  seas  and 
lakes  then  existing,  miy,  in  a  jjre^t  measure,  explain  why  the  remains 
of  land  animals,  so  rare  in  the  older  Ktrata.  are  not  iinrommon  in  these 
more  modem  deposits.  Yet  even  these  have  sometimes  proved  en- 
tirely destitute  of  rnauimiferous  relics  for  years  after  they  had  beenme 
celebrated  for  the  ubundance  of  their  fossil  tcstacea,  i\>.\\,  and  reptiles. 
Thus  the  calc^re  grossier,  a  marine  limestone  of  the  district  round  Paris, 
bad  affinded  to  .coUooton  more  tbaa  1100  apeeiet  of  abella,  betides 
naoy  zoopbytMi  eobinodennala,  and  the  teeth  of  fish,  before  the  bones 
of  one  or  two  ktnd  qnadnipeds  were  met  with  io  thd  same  roek.  The 
atrsla  called  London  and  PhvUo  clay  m  England  have  been  stodied  for 
more  than  half  a  century,  and  about  400  apedea  of  shelle,  50  or  more 
of  fish,  besides  several  kinds  of  chelonian  and  saurian  reptiles,  were 
known  before  a  «ngle  mammifer  was  detected.  At  lengtht  in  the  year 
1839,  there  were  found  in  this  formatfon  the  reraams  of  a  monkey,  an 
opossum,  a  bat,*  and  a  species  of  the  eztmct  genns  Hyracotherianif 
allied  to  thf  I'er^^nrv  or  hotr  trih*'. 

If  ^  e  exiiiniiie  llie  straLa  above  tiie  London  clay  in  England,  we  first 
meet  with  mammiferous  remains  in  the  Isle  of  Wight,  in  beds  also  be- 
longing to  the  Eocene  epoch,  such  as  the  remains  of  the  PalsBotherium; 
Anoplotberium,  and  other  extinct  quadrupeds,  agreeing  very  closely 
with  thoee  first  found  by  Onvier,  near  Paru»  in  strata  of  the  same  age, 
and  of  simihur  freshwater  origin* 

In  France  we  meet  with  another  famia,  both  oonohologteal  and  mam- 
malian in  the  Mioeeoe  "faluns"  of  4he  Loire;  above  which  in  the 
ascending  series  in  Ore^  Britain  we  arrive  at  the  coralline  crag  uf  Sof* 
folkt  a  marioe  formation  which  has  3rielded  three  or  four  hundred  species 
of  shells,  very  different  from  the  Eocene  testacea,  and  of  which  a  large 
proportion,  although  a  minority  of  the  whole  number,  are  recent,  b<»- 
sides  many  corals,  echini,  foraminifera,  and  f\<h,  hnt  as  yet  no  relic  de- 
cidedly mammalian  except  the  ear-b-nv  of  :i  w  lulr. 

In  the  shelly  sand,  provincially  termed  "  iied  Crag,"  in  Suffolk, 
which  immediately  sui:c«:«.ds  the  coralline,  constitutiniif  a  newer  member 
of  the  same  tertiary  group,  about  250  species  of  shells  have  been  rec- 
ognizedy  of  which  a  still  larger  proportion  are  recent.  They  are  a*- 
soeiated  with  nttmenms  teetii  of  fish  ;  bnt  no  signs  of  a  warm-blooded 
quadruped  bad  been  detected  until  1889,  when  the  teeth  of  a  leopard, 
a  bear,  a  hog,  and  a  species  of  mmioant,  were  found  at  Kewboum^  in 
Suffolk,  and  since  that  time,  several  other  genera  of  mammalia  have 
been  met  with  m  the  same  formation,  or  m  the  Red  Cmg.f 

Of  a  stIU  newer  date  is  the  Norwich  Crag»  a  fluvio  marine  deposit  of 
the  Ploiooene  epoch,  containmg  a  miiture  of  marine^  fluviatile,  and  hmd 

•  Tkylor*«  AdosIs  cTVai  Hist,  Nov.  USV. 

f  See  noties  by  the  Author,  sod  Tn/tmotOwm,  TsyWs  Aanaliof  Sat  Hiii 
Nov.  last. 
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Adh,  of  wlueh  90  per  oenL  or  mote  are  reeent  Tlune  beds,  sinee  Che 
time  ef  their  firrt  mTe&tigiUk»i»  ha^e  yielded  a  supply  of  niwnnwlkm 
booei  of  Uie  genem  mestodoii,  elephant,  rhinooeroB,  pip*  hofse,  deer,  ox, 

ud  others,  the  bodies  of  which  may  have  been  washed  down  into  the 
•ea  by  nvere  dnuninL^  land,  of  which  the  contiguity  is  indicatad  by  the 
oecai^ooal  presence  of  terrestrial  and  freshwater  shells. 

Our  acqimintince  with  iho  nower  Pleioccnf  mammaliii  in  Europe, 
South  America,  nnd  Atf^ti^ilia,  is  dcrivod  c)i!f'1lv  fnnn  cnvorn  dppn«it«,  a 
fact  which  viv  (Hi^ht  n*  \  r  r  t<.  fortret  if  wo  il'>in'  to  apprt*eiut<j  the  supe- 
rior facihlies  we  enjoy  fur  ^[uJ}  u^tr  ilit'  iiku  '  modern  as  compared  to  the 
more  ancient  terrestrial  lauuas.  We  know  nothinsf  of  the  fossil  bones 
vbich  must  have  been  inclosed  in  the  stal^piile  of  caverns  in  the  older 
Pldocene,  or  in  ^  Uioeeiie  or  Eoeene  epochs,  mich  less  can  we  d«fivo. 
snj  iofonDatkHi  lespectiog  the  inhabitants  of  the  land  from  a  similar 
Maic^  when  we  cany  bacic  our  inquiries  to  the  Wealden  or  earbomferoua 
epochs.  We  are  as  welt  assured  that  land  and  riTOis  then  existeJ,  as  that 
iey  tm%  now ;  but  it  is  evident  that  even  a  slight  geographical  revolution, 
seoompanied  by  the  submergence  and  denudation  of  land,  would  reduce 
to  an  extreme  improbabilUy  the  ohsnce  of  our  hitting  on  those  minute 
points  of  sp&ce  where  caves  may  once  have  occurred  in  limestone  rocks. 

Fossil  quadruma?)a. — Until  within  r  few  years  (1830,  1837).  not  a 
single  bone  of  any  quadruraanous  animal,  stif^h  the  orant!",  app,  hahi'im, 
and  monkey,  had  been  discovered  in  a  tossii  sUite,  althougli  so  much 
progress  had  been  made  in  bringing  to  light  the  extinct  mammalia  of 
auccesijive  tcrtixirv  eiiis,  both  carnivorous  and  herbivorous.  The  total 
ibseDce  of  these  anthropomorphous  tribes  among  the  records  of  R  f(Mtner 
vorM,  had  led  some  to  believe  that  the  type  of  organisation  most  nearly 
membling  the  human,  came  so  late  in  the  order  of  ereation,  as  to  be 
leixcely,  at  all,  anterior  to  that  of  man.  That  sueh  genendintioQa 
were  prematurs!,  I  endeavored  to  point  out  in  the  first  edition  of  this 
f  in  whioh  I  Stated  that  the  bones  of  quadrupeds  hithi  net  with 
m  tertiary  deposit.*)  were  cliiefly  those  which  frequent  marshes,  rivers,  or 
llie  borders  of  lakes,  as  the  elephant,  rhinoceros,  hippopotamus,  tapir, 
iwg, deer,  and  ox,  while  species  which  live  in  trees  are  extremely  rare  in 
af<H*i!  <?t.ate.  I  also  hinted,  that  we  had  as  y«'t  no  data  for  determining 
how  great  a  number  of  the  one  kind  wc  ought  to  find,  before  we  have 
*  right  to  expect  a  single  individual  of  the  othrr.  Lastiv,  I  observed 
the  climate  of  the  more  modern  (or  Post-Eocene)  tertiary  periods 
i>nd  was  not  tropical,  and  that  in  regard  to  the  Loudon  chiy,  of 
dpeodik^  turtles,  and  fossil  fruits  implied  a  climate  hot  enough 
i^Ui^lrumsiia,  we  had  as  yet  made  too  little  progress  in  ascertain- 
'^.im  (he  Eocene  pachjrdermata  of  England,  to  entitle  us  to  ex- 
Tto  hai«  diseovered  any  quadrumana  of  the  same  date. 
Since  those  remarks  wore  first  written,  in  lS2d,  a  great  number  of 
aisa  have  been  added  to  our  collections  of  tertiarr  mammalia 

t  •  — 

^'  •  Bee  MndplM  of  Geology,  Ut  ed.  1880,  vol.  I  p.  152. 
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from  Great  Bntuin  and  otlicr  parts  of  the  world.  At  lenij;tli,  betweer 
the  years  1830  and  1839,  a  few  remains  of  quadmmana  were  found  in 
France  and  England,  India  and  Brazil.  Those  of  India,  belonging  to 
more  than  one  extinct  species  of  inonkcy,  were  fir-i  di  covered  near  the 
Sutloj,  in  lat.  30°  N.,  in  tertiary  strata,  of  which  lK'  ni^e  is  not  yet  de- 
termined;  the  Brazilian  fossil,  brought  from  the  bat.Mi  ot  the  Kio  djvs 
Yelhas,  about  lat.  18°  S.,  is  referable  to  a  form  now  pecuhar  in  America, 
allied  to  the  genus  Callitbrix,  the  species  being  extinct^  The  skdl  and 
other  bones  met  with  io  the  South  of  France  belong  to  a  gibboop  or  one 
of  the  tulless  apes,  wlueh  stand  next  in  the  scale  of  organization  to  the 
orang.  It  occurred  at  Sansaa,  about  fortjr  miles  w^t  of  Toulouse,  m 
lat.  4S<*  40'  N.,  in  freshwater  strata,  probably  of*the  Miocene  or  middle 
tertiaiy  period.  LasUy,  the  English  quadnunane  first  met  with,  occurred 
in  n  more  ancient  stratum  than  the  rest»  and  at  a  point  more  remote 
from  the  equator.  It  belongs  to  the  genus  Macacus,  is  an  extinct  species, 
and  was  found  in  Suffolk,  in  lat.  52°,*  in  the  London  clay,  the  fossils  of 
which,  such  iis  crocodiles,  turtles,  sliells  of  the  genus  Nautilus,  and  many 
curious  fruits,  had  already  led  geologists  to  the  conclu>ion  that  4,he 
climate  of  that  era  (the  Eocene)  was  warm  and  nearly  tropical. 

Some  yeai*s  later  (ni  itiiO)  the  jaw  of  another  British  species  of  fos- 
sil monk^,  Macacus  phocenus,  was  announced  by  Mr.  Owen  as  having 
been  met  with  in  the  newer  Pleiocene  strata,  on  the  banks  of  the 
Thames,  at  Grays,  in  Essex,  accompanying  the  remains  of  hippopotamus, 
elephant,  and  other  quadrupeds,  and  essociated  wj^h  freshwater  imd 
land  shells,  most  of  which  are  now  inhalatants  of  the  British  l8les.f 

When  we  consider  the  small  area  of  the  earth's  surface  hitherto  ex- 
plored geologically,  and  the  new  dipooveries  brought  to  light  daily, 
even  in  Che  environs  of  great  European  capitals,  we  must  feel  that 
it  would  be  rash  to  assume  that  the  Lower  Eocene  deposits  mark  the 
era  of  the  first  creatiou  of  qusdrumaoa.   It  would,  however,  be  sliil 

•  Tlic  first  qimdriimanoua  fossils  discovered  in  India  wereobaervcd  in  1836  in  th« 
8ewn1ik  Ililln  H  iower  range  of  the  Hininlavan  Mountaini,  by  Lieatenftnta  Baker 

and  Durond,  by  whom  tlit  ir  osteoloi^ical  dianicters  were  rh'termined  (.^>urn.  of 
Asiat,  Soc  of  Bengal,  vol.  v,  p,  7oi)),  juid  iii  tlie  ^  war  followiu;^,  ullicr  fus^iL-i  of  tba 
Mime  cIma  were  brought  to  light  and  descrihed  by  Cupt.  Cautley  and  Dr.  Falconer. 
Tlii'sn  wore  imlK^ddcil,  lik<j  tho  f.-r'ner,  in  tertiary  rat  a  of  coni^lomcrah',  ^utid, 
marl,  and  clay,  io  the  Sub  iimmlayan^  Mouotainit.  (Ibid.  vuL  v.  j).  '(ili*.  \uv. 
■  and  vol.  vi  p. 804.  May,  18:J7.)* 
T]  liraziltan  quadnimnnc  was  found,  witli  a  proat  many  oflior  extinrt  species 
of  aiuiuals,  by  a  Daoisli  Daturalist,  Dr.  Lund,  between  the  rivi-r!)  I<'ruuci£»cu  and 
Velbaa,  in  1887. 

T!ie  t,'ibbon  of  the  South  of  Francf  wa?i  found  by  M.  Lartet  in  tlie  befjiiiiiliig  of 
1837,  and  detcrniiued  by  M.  do  Blainvillc.  It  occurred  near  Auch,  iii  the  dt  part* 
ment  of  Qe^^  about  forty  milea  weat  of  Toulouae.  in  freabwater  marl,  limestono» 
and  Band.  Th-'V  were  accompanied  by  the  remains  of  the  nia«tod<iti,  diiiothcrium, 
palffiothcnuii),  rninoceros,  gigantic  alotb,  and  other  extinct  quadrupeds.  (Bulletia 
do  la  8oe  GeoL  do  Franoo,  torn.  Tiii.  p.  92.) 

The  Kritish  quadnimane  was  dlsrovi^i  ed  in  ISHO.by  Messrs.  William  Colchester 
and  Seorled  W<x)d,  at  Kyson,  near  Wooilbridgc,  in  Suttolk,  and  v/aa  i^eferred  by  Pro> 
feMor  Owen  to  the  genos  Ifaeaeoii.  (Mag.  of  Nat  WaL  Sept  1989.  Taylor, 
Annals  of  Nat.  Hist.  No.  Nov.  isn9.) 

f  Owen's  Xntroduclioa  to  British  Fwwil  Mammala,  pk  4fi» 
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wen  oDpliilosopliioa]  to  Infer,  as  tome  writon  bate  'JSone,  from  a  nogle 
extinct  species  of  this  fiumly  obtained  in  a  latitude  fa*  from  the  tropics, 
that  the  Eocene  quadnunana  did  not  attain  as  high  a  ^mde  of  orgaaisi^ 
tion  as  tbev  do  in  our  own  times.   What  would  the  ntituralist  know  of 

the  apes  and  orangs  now  contemporary  with  mnn,  if  our  investigations 
were  reslrioted  to  such  northern  latitudes  those  whero  nlone  the  geol- 
ogibt  has  bilhcrtu  found  all  the  fossil  quadruinana  of  Kun  'jie  ? 

CetaciQ. — The  ab^rti -i;  of  Cetacea  from  rocks  older  than  the  Eocene 
has  been  frequently  adduced  as  lending  countenance  to  the  theory  of 
the  very  late  appearance  of  the  highest  class  of  Vertehrata  on  the 
eulh.  Professor  Sedgwick  possesses  in  the  Cambridgo  Museum  a  mass 
if  aaebjkised  oerrieal  vwtebm  ct  m  wbale»  which  he  found  in  drift 
Jsy  near  EIy»  and  which  he  has  no  donbt  was  washed  out  of  the  Kim- 
oiakige  clay,  an  upper  member  of  the  Oolite.  Aeoording  to  Professor 
Oven,  it  ezbibits  well-marked  specifio  characters,  distinguishing  it  from 
all  other  known  recent  or  fossil  oetaeea.  Dr.  Leidy,  of  Philadelphia, 
haa  lately  desciibed  (1851)  two  species  of  cetacea  of  a  new  genus* 
which  he  has  called  Priscodelphinus  from  the  green  sand  of  New  Jer- 
wy,  which  corresponds  in  age  with  the  English  Chalk  or  the  cretaceoua 
strata  above  the  gnnlt.  The  specimens  consist  of  dorsal  and  cervical 
vertebra.*  Even  in  the  Eocene  strata  of  Europe,  the  discovery  of 
cetac^ns  has  never  kept  pace  with  that  of  land  fjuadrupeds.  The  only 
inslance  cited  in  Great  Britain  is  a  species  of  Monodon,  from  the  Lon- 
don cl;iv,  of  doubtfuV  authenticity  as  to  its  oncological  position.  On  the 
other  liaiul,  the  gigantic  Zeuglodon  of  jSorth  America  occurs  abundantly 
n  the  Middle  Eocene  strata  of  Georgia  and  Alabama,  from  which  as 
jst  DO  bones  ist  land  quadrupeds  have  been  obtamed. 

la  the  present  imperfect  state  then  of  our  information,  we  call  scarcely 
Qore  than  that  the  cetacea  seem  to  have  been  scarce  in  the  secondary 
nd  primary  periods.  It  is  quite  concetmble  that  when  aquatic  saurians, 
ame  of  them  carnivorous,  like  the  Ichthyosaurus,  were  swarming  in  the 
K^and  when  there  were  huge  herbivoroua  reptiles,  like  the  Iguanodon, 
00  the  land,  the  class  of  reptiles  may,  to  a  certain  extent,  have  niper- 
8fcd<  d  the  cetacea,  and  discharged  their  functions  in  the  animal  economy. 

Th;ii  mammalia  had  been  created  long  before  the  epoch  of  the  Kim- 
meridge  clay,  is  shown  by  the  Mirrolesles  of  the  Trias  before  alluded 
toi  and  by  the  Stonesfield  quadrupeds  from  the  Inferior  OoHte.  And 
we  are  bound  to  remember,  whenever  we  infer  the  povertv  of  th^  flora 
or  fauiui  ui  any  given  period  of  the  past,  from  the  small  nuuibei  oi  lus- 
ds  occurring  in  ancient  rocks,  that  it  has  been  evidently  no  part  of  the 
plu  of  Nature  to  hand  down  to  us  a  oomplete  or  systematic  record  of 
the  former  history  of  the  animate  world.  We  may  have  failed  to  dis- 
OQfier  a  single  she]],  marine  or  freshwater,  or  a  single  coral  or  bone  In 
Mrtiin  sandstones,  such  as  that  of  the  valley  of  the  Coanectieuti  where 
Ifcs  footprints  of  bipeds  and  quadrupeds  abound ;  but  such  Mure  may 
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liare  arison,  not  because  the  population  of  the  land  or  sea  was  scanty  ai 
that  era,  bui  because  in  general  the  preserratioD  of  any  relica  of  the 
juumals  or  piantM  of  fmur  times  m  Uie  exeeptkm  to  a  genenl  tude. 
Time  80  eooniMHis  as  that  eontemplated  bj  the  geologist  may  moltiply 
exceptional  eases  tall  they  seem  to'eoofltitnte  the  rale,  aad  so  iatipeae  eo 
the  imaginatMn  as  to  kad  tts  to  infer  the  non-enstenee  of  ereaturas  cf 
which  no  monuments  happen  to  remain.  pFofeasor  Foriiea  has  ie> 
marked,  that  few  geologiats  are  snrare  how  hrge  a  proportion  of  all 
known  species  of  fossils  are  found ^^r!  on  single  spechneoa,  whilo  a  atiU 
greater  number  are  founded  on  a  few  individuals  discovered  in  one  spot 
This  holds  true  not  only  in  regard  to  animals  and  plants  inhf>hiting  the 
Innd,  ihf  lake,  and  the  river,  but  even  to  a  surprising;  number  of  the 
munne  moUusca,  articidata,  and  radiata.  Our  knowl(>f1<ro,  therefore,  of 
the  living  creation  of  any  given  period  of  the  past  niuy  be  siiid  to  de- 
pend in  a  great  degree  on  what  we  commonly  cail  chance,  and  the  cas- 
ual discovery  of  some  new  localities  rich  in  pecoUar  fossils  may  modify 
or  entirely  overthrow  all  onr  prvvkms  generalBalxina. 

Upon  the  whole  then  we  derive  this  result  from  a  genenl  review  of 
the  fossils  of  the  snecessive  tertiary  strata,  namely,  that  sinoe  the  Eoeene 
period,  there  have  heen  several  gnat  changes  in  the  land  qnadrapeda 
inhabiting  Europe,  probably  not  less  than  five  oomplete  revolationa, 
during  which  then;  has  heen  no  step  whatever  made  in  advance,  no^- 
vation  in  the  scale  of  being ;  so  that  had  man  been  created  at  the  com- 
mencement of  the  Eocene  era,  he  would  not  havf  constituted  a  greatCT 
innovation  on  the  st;ite  of  the  animal  creation  previously  established  than 
now,  when  we  bojii've  him  to  have  begun  to  exist  at  the  close  of  the 
Pleiocene.  Tli'  vit  ws,  therefore,  which  1  proposed  in  the  first  edition 
of  this  work,  January,  I860,  in  opposition  to  the  theorv  of  jjroiJ-ressive 
(k'velupinent,  do  not  seem  to  mc  to  require  material  modification,  not- 
withstanding the  large  additions  since  made  to  our  knowledge  of  fosafl 
remains. 

These  views  n^y  be  thns  briefly  stated.  From  the  earliest  period  ai 
which  pUtnta  and  anhnals  can  be  proved  to  have  eiisted,  there  has  been 
a  continual  change  going  on  in  the  position  of  toad  and  sea,  accompanied 
by  great  flnctuations  of  climatA.  To  these  ever-var}'ing  geographical 
and  climatal  conditions  the  state  of  the  animate  world  has  been  un- 
eeasingly  adapted.  No  satisfactory  proof  has  jet  been  discovered  of 
the  c^rndnal  pnssafrc  of  the  earth  from  a  chaotic  to  a  mor  ^  habitable 
state,  nor  of  anv  law  of  progressive  development  governing  the  extinc- 
tion and  n*novation  of  species,  and  causing  the  fauna  and  tlom  to  pass 
from  an  embryonic  to  a  more  perfect  condition,  from  a  simple  to  a  more 
complex  organization. 

The  priiiciplc  of  adaptation  to  which  I  have  alluded,  appears  to  have 
been  analogous  to  that  which  now  peoples  the  arctic,  temperate,  and 
tropical  regions  contemporaneously  with  distbet  assemblages  of  apeoiea 
and  genera,  or  which,  independently  of  mere  temperature,  gives  rise  to 
a  predominsnce  of  the  marsu]^  or  didelphona  tribe  of '  quadrupeda  in 
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Australia,  of  the  placental  or  monodelphous  tribe  in  Asia  and  Europe^ 
or  which  causes  a  profusion  of  reptiles  without  mammalia  in  the  Gala- 
pagos Archipelago,  and  of  mammalia  without  reptiles  in  Greenland. 

Recent  origin  of  man. — If,  then,  the  popular  theory  of  the  successive 
derelopment  of  the  animal  and  vegetable  world,  from  the  simplest  to 
the  most  perfect  forms,  rests  on  a  very  insecure  foundation  ;  it  may 
be  asked,  whether  the  recent  origin  of  man  lends  any  support  to  the 
same  doctrine,  or  how  far  the  influence  of  man  may  he  considered  an 
such  a  deviation  from  the  analogy  of  the  order  of  things  previously  es- 
tablished, as  to  weaken  our  confidence  in  the  uniformity  of  the  course 
of  nature. 

Antecedently  to  investigation,  we  might  reasonably  have  anticipated 
tiiat  the  vestiges  of  man  would  have  been  traced  back  at  least  as  far  as 
those  modem  strata  in  which  all  the  testacea  and  a  certain  number  of 
tiie  mammalia  are  of  existing  specica,  for  of  all  the  mammalia  the  hu- 
man species  is  the  most  cosmopolite,  and  perhaps  more  capable  than 
any  other  of  surviving  considerable  vicissitudes  in  climate,  and  in  the 
physical  geography  of  the  globe. 

No  mhabitant  of  the  land  exposes  himself  to  so  many  dangers  on  the 
waters  as  man,  whether  in  a  savage  or  a  civilized  state  ;*  and  there  is 
no  animal,  therefore,  whose  skeleton  is  so  liable  to  become  imbedded  in 
lacustrine  or  submarine  deposits ;  nor  can  it  be  said  that  his  remains 
v«more  perishable  than  those  of  other  animals;  for  in  ancient  fields 
of  battle,  as  Cuvier»  has  observed,  the  bones  of  men  have  suffered 
as  little  decomposition  as  those  of  horses  which  were  buried  in  the 
same  grave.f  But  even  if  the  more  solid  parts  of  our  species  had  dis- 
tppeared.  the  impression  of  their  form  would  have  remained  engraven 
00  the  rocks,  as  have  the  traces  of  the  tenderest  leaves  of  plants,  and 
the  soft  integuments  of  many  animals.  Works  of  art,  moreover,  com- 
posed of  the  most  indestructible  materials,  would  have  outlasted  al- 
most all  the  organic  contents  of  sedimentary  rocks.  Edifices,  and  even 
entire  cities,  have,  within  the  times  of  history,  been  buried  under  vol- 
canic ejections,  submerged  beneath  the  sea,  or  engulfed  by  earthquakes ; 
and  bad  these  catastrophes  been  repeated  throughout  an  indefinite 
lap^  of  ages,  the  high  antiquity  of  man  would  have  been  inscribed  in 
far  more  legible  characters  on  the  framework  of  the  globe  than  are  the 
forms  of  the  ancient  vegetation  which  once  covered  the  islands  of  the 
aorthem  ocean,  or  of  those  gigantic  reptiles  which  at  still  later  periods 
peopled  the  seas  and  rivers  of  the  northern  hemisphere.^ 

Dr.  Pncbard  has  argued  that  the  human  race  have  not  always  ex- 
Js^ed  on  the  surface  of  the  earth,  because  "  the  strata  of  which  our  con- 
tinents are  composed  were  once  a  part  of  the  ocean's  bed" — "  mankind 
W  a  beginn'mg,  since  we  can  look  back  to  the  period  when  the  surface 
OQ  which  they  lived  began  to  exist.  "§    This  proof,  however,  ia  insuffi* 
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aieat.  for  many  thousands  of  human  beings  noir  dwell  m  various  quar« 
•  t«f»  of  the  globe  iitee  DMiiiw  tp«dei  fiiwd  within  ^ 
and,  on  the  oiher  hand,  the  aea  now  prevaib  permanoillj  oter  laige 
diatrieta  once  inhabited  by  thomanda  of  honum  beings.  Kor  ean  tUt 
mCerohange  of  tea  and  hind  ever  eeaae  while  the  preaent  eaoaea  are  is 
ddstence.  Terreatrial  spedes*  tiierefore^  n^ghi  be  older  than  the  con> 
-  tinents  which  they  inhabit,  and  aqoAtio  apeeiei  of  blgher  antiqvtj  than 
(be  lakes  and  seas  which  they  now  people. 

But  so  f:ir  as  our  interpretation  of  pliysical  movements  has  yet  gone, 
we  have  every  reason  to  infer  that  the  human  race  is  extremclv  mod- 
ern, even  when  compared  to  liie  larger  number  of  speciLs  nnw  our  con- 
temporaries on  the  earth,  ard  we  may,  therefore,  ask  whether  his  crea 
tiua  can  be  considered  as  one  8ti»p  in  a  supposed  progressive  system,  by 
which  the  organic  world  iias  advanced  slowly  from  a  more  simple  to  a 
moie  complez  and  perfect  atate?  If  we  oonoede^  for  a  moment  the 
truth  of  the  proposition,  that  the  apoog^  the  cephalopoda  the  fiah»  the 
reptile,  the  bird,  and  the  mammifer,  Infe  followed  eaeh  other  in  ng' 
idar  chronological  order,  the  creation  of  eaeh  dnsa  being  aeparated  from 
the  other  by  vast  intervals  of  time,  should  we  be  able  to  reoognise,  in 
man*s  entrance  upon  the  earth,  the  last  term  of  one  and  the  same  aeiiea 
of  progr^ive  developments  ? 

In  reply  to  this  question  it  should  first  bo  observed,  that  the  superi- 
ority of  mm  Hpjx'nds  not  on  those  faculties  and  attributes  which  he 
shares  in  common  with  the  inferior  animals,  but  on  his  reason,  by  which 
he  is  distinguished  from  them.  Wlien  it  is  said  that  the  human  race 
is  of  far  higher  dignity  than  were  any  pre-existing  beings  on  the  earth, 
it  is  the  ioteilcctual  and  moral  attributes  of  our  race,  rather  than  the 
physical,  which  are  eonndered ;  and  it  is  by  no  means  clear  that  the 
organization  of  man  is  snch  as  would  confer  a  decided  pre-eminence 
upon  him,  if,  in  place  of  his  reasoning  powers,  he  was  merely  provided 
with  such  instincle  aa  are  possessed  by  the  lower  anunab. 

If  this  be  admitted,  it  would  not  foUow,  even  if  there  were  anflloient 
geological  evidence  in  favor  of  the  theory  of  progresuve  development, 
that  the  creation  of  man  was  the  last  link  in  the  same  chain.  For  the 
sudden  pnssRge  from  an  irrational  to  a  rational  animal,  b  a  phenome- 
non of  a  distinct  kind  from  the  passage  from  the  more  simple  to  the 
more  perfect  forms  of  animal  organization  and  instinct.  To  pretend 
that  such  a  step,  or  rather  leap,  can  be  part  of  a  rcj^ul  i:  s«»ries  ol 
changes  in  the  animal  world,  is  to  strain  analogy  beyond  ail  reas»onable 
bounds. 

Introduction  qf  man,  to  what  extent  a  change  in  the  system, — But 
aetting  aside  the  question  of  progressive  development,  another  and 
far  more  difficult  one  may  miae  out  of  the  admistton  that  man  is  oom* 
pantivel J  of  modem  oiigb.  la  not  the  interference  of  the  human  ape* 
dee,  it  may  be  asked,  such  a  deviation  from  the  antecedent  course  oi 
physical  events,  that  the  knowledge  of  such  a  fact  tends  to  destroy  aU 
our  confidence  in  the  uniformity  of  the  eider  of  naittre^  both  in  rqgnrd 
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to  Urn  ftA  and  fiitue?  If  tneb  an  innovaliofi  eould  take  pUuse  aftor 
the  earth  Ind  been  exelusively  inhabited  for  tbotnanda  of  ages  hy  infe- 
lior  aDimals,  why  ahoold  not  other  changes  as  eitraorduuuy  and  uopre* 
MdcBted  bsppeo  from  time  to  trnie  ?  If  one  new  eanae  was  pennitted 
to  sQpemae,  differing  in  kind  and  eneigy  frooi  any  before  in  opemtion, 
why  may  not  otheis  have  come  into  acUon  at  different  epochs  ?  Or 
what  Gecurity  have  we  that  they  may  not  arise  hereafter  ?  And  if  sneh 
be  the  case,  how  can  the  experience  of  one  period,  even  though  we  are 
acquainted  with  all  the  po^^ib1o  offffts  of  flif>  then  existing  causes,  be  a 
standard  to  winrh  we  ran  icf  r  all  natural  phenomena  of  other  periods  ? 

Now  tlicse  objections  would  be  unanswerable,  if  -.dduced  against  one 
who  was  contending^  for  the  absolute  uniformity  througjhout  all  time  of 
the  succession  of  sublunary  events — if,  for  example,  he  was  disposed  to 
iodulge  in  the  philosophical  reveries  of  some  Egyptian  and  Greek  sects, 
v)io  represented  all  the  changes  both  of  the  moal  and  material  world 
« lepeated  ai  distant  interrals,  so  aa  to  follow  each  other  in  thenr  for* 
nercQoneetioa  of  place  and  time.  For  they  compared  the  comae  el 
events  On  our  globe  to  astronomteal  cycles ;  and  not  only  did  they  ooo- 
ader  all  sablunaiy  atfiiirs  to  be  voder  the  inflaence  of  the  celestial  bod- 
ies, but  they  taught  that  on  the  earth,  as  well  as  in  the  heavens,  the 
taiu  identical  phenomena  recurred  again  and  again  m  a  perpetosl  ricis* 
?Hitde,  The  same  individual  men  were  doomed  to  be  re-bom,  and  to 
perform  the  same  actions  ns  before  ;  the  same  arts  were  to  be  invented, 
aod  the  same  cities  built  and  destroyed.  The  Afl,' m  lutir  expedition 
was  destined  to  sail  again  with  the  same  h«^rofs,  and  Achilles  with  his 
MjiaiidMis  to  renew  the  combat  before  the  walls  of  Troy. 

Alter  erit  torn  Ti|ili7%  ct  alten  qm  wehst  Axgo 

Dilectos  heroas ;  erunt  etiaro  altera  bella, 

Atqae  iterum  ad  Trojam  magniu  imtt«tur  Achillea.* 

the  geologist,  however,  may  condemn  these  teneta  aa  absmd,  with- 
Mt  nmniiig  into  the  opposite  eztieme^  and  denpsg  thnt  the  order  of 
natute  has,  tnm  the  eaitafc  periods,  been  uniform  in  the  same  sense  In 
vbieh  we  believe  it  to  be  nnifoim  at  present,  and  expect  it  to  remain  so 
in  fitoie.  We  hftve  no  reason  to  suppose,  that  when  man  first  became 
master  of  a  small  part  of  the  globe,  a  greater  change  took  place  in  its 
phvsicnl  condition  than  is  now  experienced  when  districts,  never  before 
inhabited,  borome  successively  occupied  by  new  settlers.  When  a 
powerful  Eui'  pean  colony  lands  on  the  shores  of  Australia,  and  intro- 
duces at  on  r  tliosc  arts  which  it  has  required  many  centuries  to  ma- 
lure;  when  It  unports  a  multitude  of  plants  and  laim'  u  imals  from  the 
<^posile  extremity  of  the  earth,  and  begiiis*  rapidly  to  extirpate  many  of 

indigenous  species,  a  mightier  revolution  is  effected  in  a  brief  period 
Una  the  first  entrance  of  a  savage  horde,  or  thenr  oontimied  oeenpatioii 

*  V'Tpl,  Eclog.  iv.  For  an  a<teount  of  these  doctrines,  see  Dugald  Stewart's 
EWmetiu  of  th«  i'hilosopky  of  the  Hutuaa  Mind,  vol  il  chap  ii.  sect.  4,  and  ?hcb 
■tfi  Egypt  MythoL  p  177. 
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of  the  country  for  many  centuries,  can  possibly  be  imsgined  lo  bavf* 
produced.  If  there  be  no  impropriety  in  assuming  that  the  system  is 
uniform  when  disturbances  so  unprecedented  occur  in  eerfadn  hwiHti<i» 
we  euL  frith  mtteh  grester  oonfidenee  apply  the  aame  laDgnage  to  tboie 
jnimeval  ages  wbeo  the  aggregate  Bumbc^  and  power  of  the  himaii 
nuie,.or  the  tate  of  thor  advaooement  in  ciTifiiatio&>  nrast  be  supposed 
to  have  beeo  far  inferior.  In  reasoning  on  the  stite  of  the  globe  imme- 
diately before  our  species  was  called  into  ezistenee,  we  must  be  guided 
by  the  same  rules  of  induction  as  when  we  speculate  on  the  state  e( 
America  in  the  interval  that  elapsed  between  the  introduction  of  mm 
into  Asia,  the  supposed  cradle  of  our  race,  and  the  arrival  of  the  first 
adventurers  on  the  shores  of  the  New  World,  in  that  interval,  we  im- 
agine the  state  of  tilings  lo  have  gone  on  according  to  the  order  now 
observed  in  regions  unoccupied  by  man.  Even  now,  the  waters  of 
lakes,  seas,  and  the  great  ocean,  which  teem  with  life,  may  be  said  U> 
have  no  immediate  relation  to  the  human  race— to  be  portions  (A  the 
terrestrial  system  of  whi<A  man  has  nerer  taken,  nor  ever  can  take- pos- 
session ;  so  thai  the  greater  part  of  the  inhabited  maUm  of  the  plaost 
may  still  remain  as  insensible  to  our  presenoe  as  before  any  isle  or  coo-, 
tinent  was  appointed  to  be  our  rsstdenoe.  ^ 

Tf  the  barren  soil  around  Sydney  had  at  once  become  fertile  upontiie 
landing  of  our  first  settlers ;  if,  like  the  happy  isles  whereof  the  poets 
have  given  such  glowing  descriptions,  those  sandy  tracts  had  begun  to 
yield  spontaneously  an  unnunl  supply  of  grain,  we  might  then,  indeed, 
have  fancied  alterations  >u\\  more  remarkable  in  the  economy  of  naiuic 
lo  have  attended  the  first  coming  of  our  species  into  the  planet.  Or  li, 
when  a  volcanic  island  like  Ischia  was,  for  the  first  time,  brought  under 
culiivuLion  by  the  enterprise  and  industry  of  a  Greek  colony,  the  inter- 
nal fire  had  become  dormant,  and  the  eiarthquake  had  remitted  its  de- 
stmciive  violeoce,  there  would  then  have  been  some  ground  for  speen- 
Uting  on  the  debilitation  ol  the  subtemuiean  foroes.  when  the  earth  was  . 
fimt  pbeed  under  the  dominion  of  man.  But  after  a  long  interval  of 
iost»  the  volcano  bursts  forth  agam  with  renewed  eneigy,  aanihikleB 
one  half  of  the  inhabitantSi  and  compels  the  remainder  to  emignte. 
The  course  of  nature  remnns  evidently  unchanged ;  and,  in  like  manner, 
we  rrtny  suppose  the  general  condition  of  the  globe,  immediately  before 
and  after  the  period  when  our  species  first  began  to  exist,  to  have  been 
the  same,  with  the  excoption  only  of  mans  presence. 

The  modifications  in  the  system  of  which  man  is  the  instrument  do 
not,  perhaps,  constitute  so  great  a  deviation  from  previous  analogy  as 
we  usually  imagine  ;  we  often,  for  example,  form  an  exaggerated  esti- 
mate of  the  extent  of  our  power  in  extirpating  some  of  the  inferior  ani- 
mals, and  causing  others  to  multiply ;  a  power  which  is  circumscribed 
within  certain  limits,  and  which,  in  all  likdihood,  is  by  no  means  ezelu- 
sively  exerted  by  our  spedes.*   The  growth  of  human  population  ean< 
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not  take  place  witlmrit  diminishin'::^  tlie  numbers,  or  causing  the  entire 
destruction,  of  :iianv  ainniiil'^.  The  larger  b^'nsts  of  proy,  in  particular, 
give  way  belore  us  ;  buL  other  quadrupeds  of  smaller  size,  and  mnumer- 
able  birds,  insects,  and  plants,  which  arc  inimical  to  our  interests,  m- 
crea^  iu  bpice  of  us,  some  attacking  our  food,  othen>  our  ramjcai  and 
persons,  and  others  interfering  with  our  ^agricultural  and  horticultural 
lAm.  We  behold  the  rioh  harvest  which  we  have  raised  hy  the' sweat 
ol  oar  brow,  devonred  by  n;  rriads  of  insects*  and  are  often  as  incapable 
of  amsting  their  depredations*  as  of  suyiog  the  fehoek  of  an  earthquakep 
or  the  coarse  of  a  atieam  of  lava. 

A  great  philosopher  has  observed,  that  we  can  command  nature  only  * 
bf  obeying  her  laws ;  and  this  principle  is  true  even  in  regard  to  the 
mpiMshing  changes  which  are  superinduced  in  the  qualities  of  certain 
animals  and  plants  by  domestication  and  garden  culture^  I  shall  point 
out  in  the  third  book  that  we  can  only  effect  such  surprising  alterations 
by  assisting  the  development  of  certain  instincts,  or  hy  avmhng  ourselves 
of  that  mysterious  law  of  their  organization,  by  which  individual  pecu* 
liarities  are  transmissible  from  o  ne  (feneration  to  anotlier.* 

It  is  probable  from  these  and  many  other  considerations,  that  as  we 
eiiUrge  our  knowledge  of  the  system,  we  shall  become  more  and  more 
coovinced,  that  the  alterations  caused  by  the  interference  of  man  devi- 
ate iar  less  from  the  analogy  of  these  effiscted  by  other  animals  than  is 
anally  suj^posed.t  We  are  often  misled,  when  we  institute  such  com- 
psriiOQSy  by  our  knowledge  of*  the  wide  distinction  between  the  instinots 
of  aatraals  and  the  reasoning  power  of  man ;  and  we  are  apt  hastOy  to 
ii^,  that  the  effects  of  a  rational  and  iimtiopal  species,  considered 
merely  as  physical  agmit,  will  differ  almost  as  muoh  as  the  faculties  by 
which  their  actions  are  directed.  ] 

It  k  not,  however,  intended  that  a  real  departure  from  the  antecedent 
coar!5€  of  physical  events  cannot  be  traced  in  the  introduction  of  man. 
If  that  latitude  of  action  which  enables  the  brutes  to  accommodate 
theujselves  in  some  measure  to  accidental  circumstances  could  be  im- 
agined to  have  be«'n  at  ;inv  tormer  period  so  great,  that  the  opierations 
of  iiii»Liuct  were  a.-^  much  diversified  as  are  those  of  human  reason,  it 
mighty  perhaps,  be  contended,  that  the  agency  of  man  did  not  consU- 
tate  an  anomalous  de?iation  from  the  previously  established  order  of 
things.  It  might  then  have  been  said,  that  the  earth's  becoming  at  a 
psrtkolar  period  the  residence  of  human  beings,  was  an  era  in  the 
flBon],  not  in  the  physical  world — ^that  our  study  and  contemplation 
df  the  earth,  and  the  laws  which  govern  its  animate  productions,  ought 
so  more  to  be  considered  in  the  light  of  a  disturbance  or  deviaticm  from 
the  systemt  than  the  discovery  of  the  satellites  of  Jupiter  should  be 
regarded  as  a  physical  event  alTectinc^  those  heavenly  bodies.  Their 
influence  in  advancinir  the  pmcrress  of  science  araonc^  men,  and  in  aid- 
ing oavigaUoa  and  commerce,  was  accompanied  by  no  reciprocal  action 
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of  thtt  hmnaa  mind  upon  the  eeonomj  of  nature  in  tiioee  dnta&t  pliineli : 

And  BO  the  earth  might  be  conceived  to  have  become*  at  a  certain  pe* 
riod,  a  place  of  mord  diBcipline  and  intellectual  improvement  to  man, 
without  the  slightest  derangement  of  a  previously  eiirting  order  of 
change  in  its  nnimnte  nnd  inanimate  productions. 

The  distinctness,  h(»w(  ver,  of,  the  human  from  all  other  species,  con- 
Bidercd  merely  as  an  ciiicient  cause  in  the  physical  world,  is  real  ;  for 
we  stand  in  a  relation  to  contemporary  species  of  animals  and  plants 
widely  diifertiat  from  that  which  other  irrational  animals  can  ever  bo 
supposed  to  hare  held  to  each  other.  We  modify  their  inetinete,  rel- 
ative numbers,  and  geographical  diatribiilion«  In  a  manner  superior  in 
degree,  and  in  some  respects  very  diffisrent  in  kind  from  that  in  wfaicli 
any  other  spedes  ean  afieet  the  rest.  Bettdes,  the  prognsdve  move- 
ment of  eaeji  sucoessive  generation  of  men  causes  the  human  spectea 
to  diflbr  more  from  itself  in  power  at  two  di  t  int  periods,  than  any 
one  species  of  the  higher  order  of  animals  ditfers  from  another.  The 
establishment,  therefore,  by  geological  evidence,  of  the  first  interven- 
tion of  such  a  peculiar  and  unprecedented  agency,  long  after  other  parts 
of  the  animate  and  inanimate  world  existed,  affords  grround  for  con- 
cluding that  the  experience  during  thousands  of  agfs  of  all  the  events 
which  may  happen  on  this  globe,  would  not  enable  a  philosopher  to 
speculate  with  confidence  concerning  future  contingencies. 

If,  ihen,  an  intelligent  being,  after  observing  the  order  of  events 
for  an  indefinite  series  of  ages,  had  witnessed  at  last  so  wonderful  an 
innoratbn  as  this,  to  what  eifent  would  his  belief  m  the  regularity  of 
the  system  l»e  weakened  ? — ^wonld  he  cease  to  assume  that  thetie  waa 
permanenoy  in  the  laws  of  nature  f — ^would  he  m  knger  be  guided 
in  his  qieeulations  by  the  itrictest  rules  of  induction  ?  To  these  ques* 
tMNia  it  may  be  answered,  that,  had  he  previously  presumed  to  dog- 
matize respect! t)g  the  absolute  uniformity  of  the  order  of  nature,  he 
would  undoubtedly  be  checked  by  witnessing  this  new  and  unexpected 
event,  and  would  form  a  more  just  estimat*^  nf  the  limited  mn'ro  f>f  liia 
own  kn<1wledge,  and  the  ujibounded  extent  of  the  scheme  ot  the  ur»i- 
verse.  But  lu;  would  soon  perceive  that  no  one  of  the  fixed  and  con- 
stant laws  of  tlic  animate  or  iuaniuiate  HorUi  was  subverted  by  human 
agency,  aud  that  the  modifications  now  introduced  for  the  firut  time 
were  the  accompaniments  of  new  and  eztraordinny  cirenmstaaoes, 
and  those  not  of  a  pkyneai  but  a  moral  nature.  The  donation  per- 
mitted would  also  appear  to  be  as  slight  as  waa  consistent  with  tlie 
aoeomplishment  of  the  new  moral  ends  proposed,  and  to  be  in  a  great 
degree  temporary  in  its  nature,  so  that,  whenever  the  power  of  the 
new  agent  was  withheld,  even  for  a  brief  period,  a  relapse  would  tnlKO 
place  to  the  ancient  Mate  of  things ;  the  domestt'Mted  ^imal,  for  ex- 
ample, recovering  in  a  few  generations  its  wild  instinct,  and  the  garden- 
flower  and  fruit  free  reverting  to  the  likeness  of  the  parent  stock. 

Now,  if  it  \v(julfl  be  reasonable  to  draw  such  inferences  with  respest 
to  the  future,  we  cannot  but  apply  the  same  rules  of  induction  to  UiA 
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jmi  Wt  hftra  no  tiglit  to  latietpate  anj  modtfiflatioiM  in  tbe  lesulli 
of  onlnig  onBes  in  tfane  to  oomo,  wluob  iwe  not  oonfonnable  to  analogy* 
nSm  Chij  be  ptodncod  by  the  progressive  development  of  humaa 
power,  or  perhaps  by  some  other  new  relaUons  which  may  hMeofter 
ipring  up  between  the  moral  and  material  worlds.    In  the  same  man- 
ner, when  we  speculate  on  the  Tic!^^situdes  of  the  animat<?  and  inanimate 
creauon  in  fo?Tner  ajrcs,  we  ought  not  to  look  for  any  anomalous  results. 
Miess  wh<^re  man  has  interfered,  or  unless  clear  indicatioDS  appear  ol 
tome  other  morai  scarce  of  temporary  dftrangement. 


CHAPTER  X 

'^'WOaiD  MMIISITI  OV  AQDK0U8  VOUCM  AT  RIMOn  VmODS. 


of  aquMiu  cauaea — Slow  accumulation  of  atraia  prored  by  fosaila — Rata 
^deotidation  CMi  <mly  keep  pace  with  depoeitioa— EmStic%aod  eflbcte  of  ifle->* 
^^^^^8,  and  the  Canes  to  wbidi  thfirf  are  refenred— Bnppcwad  univemlitj  ol 
•^ntdepoeitfc 

'••ten«7y  of  aqueous  eatues. — The  great  problem  considered  in  the 
'"^^^^Qg  chapters,  namely,  whether  the  fonner  changes  of  tbe  earth 
f**^^  known  to  ns  by  geology,  resemble  In  hind  and  degree  those  now 
n  daQy  progress,  may  stiU  be  oontemplated  from  aerersl  other  points  of 
vKw.  jjggj  iiHiiiii^  ffff  eiamplet  whether  there  are  any  gronnds 
^^le  belief  entertained  by  many,  that  the  intensity  both  of  aqueous 
'"^^  igoeoos  forces,  in  remote  ages,  far  exceeded  that  which  we  wit< 
"^^^  in  our  own  times. 

'r^t,  then,  as  to  aqneoiis  causes  :  it  has  been  shown,  inT)ur  history 
^  tlu*  Si  ience,  that  Wooflward  did  not  hesitate,  in  1805,  to  teach  that 
•  ^<^iilire  mass  of  fo<=siiifer()us  strata  contained  in  the  earth's  crust  had 
""V*  deposited  in  a  lew  months  ;  and,  consequently,  as  their  mechanical 
<i«rivative  ori<j^in  was  already  admitted,  the  reduction  of  rocky 
"^JJ*^  into  mud,  sand,  and  pebbles,  tbe  transportation  of  the  same  to 
^*^^ce,  and  their  accumdation  elsewhere  in  r^pilar  strata,  were  aU 
^^^^  to  have  taken  place  with  a  rapidity  unparalleled  m  modem 
This  doctrine  was  modified  by  degrees,  m  proportiott  as  different 


of  oiganio  remains,  sneh  aa  diells,  comls,  and  fossil  plants,  had 
ntodied  with  attention.  Analogy  led  eveiy  naturalist  to  assume^ 

^ach  full-grown  individual  of  the  ammal  or  vegetable  kingdom,  bad 
^^ired  a  certain  number  of  months  or  years  for  the  attainment  of  nia> 
^5'y>  and  the  perpetuation  of  ita  species  by  genentkni;  snd  thus  the 
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fint  approaoh  ww  made  to  llie  ooncepliioii  of  a  oonmon  iliBdard  ol 
time,  wilhont  wluob  there  aie  no  meane  irbale?er  of  mearoring  the 
eomparatt^e  rate  at  wUeh  any  auecowkm  of  ereots  has  taken  plaee  ai 

two  distinct  periods.  This  standaxd  oooBBtod  ct  the  average  duration 
of  the  lives  of  individoala  o(  the  same  genera  or  families  in  the  animal 
and  vegetable  kingdoms ;  and  the  multitude  of  fossils  dispersed  through 
Bucce.^stve  strata  implied  the  continaanoe  of  the  same  species  for  many 
generations.  At  IeT?[:;th  the  idea  that  species  themselves  had  had  a 
limited  duration,  arose  out  ot  the  observed  fact  that  sets  of  strata  of  dif- 
ferent nges  coniained  fossils  of  distinct  species.  Finally,  the  opinion 
became  geaeml,  Uiat  in  the  course  of  ages,  one  asst-mblage  of  animals 
Mid  plants  had  disappeared  after  another  again  and  again»  and  new 
tribes  had  started  bto  Ufe  to  replace  them. 

DenudaUan.'^lA  addition  to  tiie  proofs  derived  from  organic  Tematns, 
the  forms  of  stratification  led  also,  on  a  (oiler  mTe8tigation».to  the  beiief 
that  sedimentary  rocks  had  been  slowly  deposited ;  but  it  was  still  sup- 
posed that  dm«ifalMNi»  or  the  power  of  running  water,  and  the  waves 
and  currents  of  the  ocean,  to  strip  otf  superior  strata,  and  lay  bare  the 
rooks  below,  had  formerly  operated  with  an  energy  wholly  unequalled 
in  our  times.  l*hese  opinions  were  both  illogical  and  inconsistent,  be- 
cause deposition  and  denudation  are  parts  of  the  same  process,  and 
what  is  true  of  the  one  must  be  true  of  the  other.  Tin  ir  speed  must 
be  always  limited  by  the  same  causes,  and  the  convtyiiucc  of  solid  mat- 
ter to  a  particular  region  can  only  keep  pace  with  its  removal  from  an- 
other, so  that  the  aggregate  of  sedimentary  strata  in  the  earth's  crust 
can  never  exceed  in  Tolume  the  amount  of  solid  matter  which  haa  been 
ground  down  and  washed  away  by  ronmng  water.  How  vast^  then, 
must  he  the  spaees  which  this  abstrsotion  of  matter  has  left  Taeaikt  1 
bow  far  exceeding  m  dimensions  all  the  valleys,  however  numerous,  and 
the  boUowB,  however  vast,  which  we  can  prove  to  have  been  cleared  out 
by  aqueous  erosion  I  The  evidences  of  the  work  o(  denudation  are  de- 
fective, because  it  is  the  nature  of  every  destroying  cause  to  obliterate 
the  signs  of  its  own  agency  ;  but  the  amount  of  reproduction  in  the  form 
of  sedimentary  strata  must  always  afford  a  true  measure  of  the  minimnni 
of  denudation  winch  Ll^e  earth's  surface  has  nndLTgone. 

JErraiics. — Tiie  next  phenomenon  to  whicii  the  advocates  of  the 
excessive  power  of  running  water  in  times  past  have  appealed,  is  the 
enormous  siae  of  the  Uocln  called  tmUk,  whioh  lie  scattered  over  the 
northern  parts  of  ^irope  and  North  Ameiioa.  Unquestionably  a  large 
proportion  of  these  blocks  have  been  trsnsported  far  from  their  original 
position,  for  between  them  and  the  parent  xt>cks  we  now  find,  not  anCre- 
quently,  deep  sess  and  valleys  Intervening,  or  hills  more  than  a  thouaand 
feet  h^h.  To  explain  the  present  situaticm  of  such  travelled  fragmcmta, 
a  deluge  of  mud  has  been  imagined  by  some  to  have  come  from  the 
north,  bearing  along  with  it  sand,  gravel,  and  stony  fragments,  some  q| 
them  hundreds  of  tons  in  weight.  'J'his  floo<l,  in  its  transient  passage 
over  the  coatioents,  dispersed  ^e  boulders  irregularly  over  hill,  valley^ 
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and  plain ;  or  fereed  (hem  nbng  orar  s  niifice  cf  hard  roek*  ao  aa  io 
polUi  it  and  laave  it  indented  with  parallel  soratohes  and  ^ooves — such 
naiUaga  aa  aie  atill  viaible  in  th«  vooka  «f  flgaiidinayia,  ScoUand,  Can- 
ada»  and  many  other  countries. 

There  can  be  no  doubt  that  the  myriads  of  angular  and  rounded  blQcks 
above  allud«'d  to,  cannot  have  been  borne  alont^  >>v  ordinary  rivers  or 
marine  currents,  so  great  is  their  volume  and  weight,  and  so  clear  are 
the  signs,  in  many  places,  of  time  havincf  b<^en  occupied  in  their  succes- 
fiive  deposition  ;  for  they  are  often  di>(i  it)utrd  at  various  depths  through 
besips  of  regularly  stratified  sand  and  grarel.  No  waves  of  the  sea 
raised  by  earthquakes,  nor  the  bui:3tiDg  of  lakc&  dammed  up  for  a  time 
hf  landslipa  or  by  avalanches  of  anow,  can  account  for  the  obsenred 
fittta ;  btil  I  abaU  endeavor  to  ahow,  in  ihe  neil  book,  chap.  15/  that 
a  eombinatkm  of  exiating  cantea  may  haTe  eoiiTejed  enntiea  into  their 
pieaent  sitiutions. 

Ihe  eanaea  wlueh  will  be  xefinred  to  are^  firat*  the  canrying  power  ol 
lee^  eombined  with  that  of  nuniiig  water;  and  aecond,  the  upward 
movement  of  the  bed  of  the  sea,  convettmg  it  gradually  into  hmd. 
Withoat  entering  at  present  into  any  details  respeeting  tiieae  oniiae8» 

I  may  mention  that  the  transportation  of  blocks  by  ice  is  now  amulta- 
neously  in  profn-rss  in  the  cold  and  temperate  latitudes,  both  of  the 
northern  and  southern  hemisphere,  as,  for  example,  on  the  coasts  of  Can- 
ada and  Gulf  of  St.  Lawrence,  nnd  a]«^o  in  Chili,  Pata£»onia,  and  the 
island  of  South  Gcoriria.  In  those  regious  the  uneven  bed  of  the  ocean 
is  becoming  strewed  ov^r  with  ice-drifted  fragments,  wliich  have  either 
rtranded  on  shoals,  or  been  dropped  in  deep  water  by  melting  bergs.  The 
entanglement  of  boulders  in  drift-ice  will  also  be  shown  to  occur  aonnally 
in  Korth  America^  and  tbeae  atooee,  when  firmly  froaen  mto  be^  wander 
jev  after  year  firom  Lahrader  to  the  8t  Lawrenee,  and  reach  pobta  of 
the  weatem  heDuaphere  farther  aonlh  than  any  part  of  Great  Britam. 

Tlie  general  afaeenee  of  entatiea  in  the  warmer  parte  of  the  equatorial 
nipoDs  of  Asia,  Africa,  and  Ameriea»  confirms  the  same  view&  As  to 
the  polishing  and  grooving  of  hard  rocks,  it  has  lately  been  ascertiined 
that  glaciers  give  rise  to  these  e£Eecta  when  pushing  forward  sand,  peb- 
bles, and  rocky  fragments,  and  causing  them  to  grate  along  the  bottom. 
Nor  can  there  be  any  reasonable  doubt  that  icfhcrL's,  when  they  run 
aground  on  the  tioor  of  the  oceiin,  must  imprint  muhI  ir  marks  upon  it. 

It  is  unnecessary,  therefore,  to  refer  to  deluges,  v  r  oven  to  speculate 
on  the  former  existence  of  a  climate  more  severe  than  th<it  now  prevail- 
ing in  the  western  hemisphere,  to  expliuu  the  geographical  distj'ibutiun 
of  most  of  the  European  erratics. 

IWt^.— As  deluges  have  been  efiken  alladed  to^  I  shall  say  soBBe< 
flung  of  the  eanaea  which  may  be  supposed  to  give  riae  to  theae  grand 
■ofomento  of  water  in  additku  to  thoae  already  alladed  to  (p.  t>). 
Oeohtgiata  who  beBeve  that  monntainiehaina  have  been  thrown  np  and- 

*  Bee  also  Maaaal  ef  Geolqgy,  dh.  11,  IS, 
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denly  at  many  spccessm  epochsp  imagine  that  the  waters  of  ftlie  ooeav 
may  be  raised  by  these  convulsioiis,  and  iheo  break  in  terrific  waves  upon 
the  land,  sweeping  over  whole  continents,  hollowing  out  valleys,  and 
transporting  sand,  gravel,  and  erratics,  to  great  distances.  The  sudden 
rise  of  the  Alps  or  Andes,  it  is  said,  may  huso  produced  a  flood  'even 
subsequently  to  the  time  when  the  earth  hor  une  the  residence  of  man. 
But  it  seems  stranofe  that  none  of  tlir  l  it?  rs  wlio  have  indulired  their 
imafrinations  in  conjectures  of  this  kmJ,  should  have  ascribed  a  deluge 
lo  Lhe  sudden  conversion  of  part  of  the  unfathomable  ocean  into  a  shoal 
rather  than  to  the  rise  of  mountain.chains.  In  the  latter  case,  the 
jBountaint  tbemaelm  could  do  no  mere  than  displace  a  oertain  quantity 
of  atmospheric  air,  whereas,  the  instaataneotis  fonnatkm  cif  the  shod 
-would  displace  a  vast  body  of  water,  which  beings  heaved  up  tc  a  great 
height  might  roll  over*  and  pennanenUy  submerge  a  large  portion  of  a 
continent. 

If  we  restrict  ourselves  to  combinations  of  causes  at  present  known, 
it  wonid  seem  that  the  two  jnincipal  sources  of  extraordinaiy  inunda* 
tioos  are^  firat,  the  escape  of  the  waters  of  a  laige  lake  raised  far  above 
the  sea;  and, secondly,  the  pouring  down  of  a  marine  cnirent  into  lands 

depressed  below  the  mean  level  of  the  ocean. 

As  example  of  the  first  of  these  cases,  we  may  take  Lake  Superior, 
which  IS  more  than  400  geographical  miles  in  length  and  about  150  in 
breadth,  having  an  averasre  depth  of  from  600  to  900  feet.  The  sur- 
face of  this  vast  body  of  fresh  water  is  no  less  than  600  feet  above  the 
level  of  the  ocean  ;  the  lowest  part  of  the  barrier  which  separates  the 
lake  on  its  southwest  side  from  those  streams  which  flow  into  the  head 
waters  of  the  Mississippi  bang  about  600  feet  high.  If,  therefore^  a 
series  of  subsidences  should  lower  any  part  of  this  barrier  600  feet,  any 
subsequent  rending  or  depression,  even  of  a  few  yards  at  a  time,  would 
allow  the  sudden  escape  of  vast  floods  of  water  into  a  hydrogiaphicsl 
basin  of  enormous  extent.  If  the  event  happened  in  the  dry  season, 
when  the  ordinary  channels  of  the  Mississippi  and  its  tributaries  are  in  a 
great  degree  empty,  the  inundation  might  not  be  ccwsiderable ;  but  if  in 
the  flood-season,  a  region  capable  of  supporting  a  population  of  many 
millions  min-ht  be  suddenl?  submorfred.  But  even  this  event  would  be 
insuflficient  to  cause  a  violent  rush  of  water,  and  to  produce  those  efTecte 
usually  called  diluvial  ;  for  the  diflerence  of  level  of  GOO  feet  betwee-n 
Liike  Superior  and  the  Gulf  of  Mexico,  when  distributed  over  a  distance 
of  1800  miles,  would  give  an  average  fall  of  only  four  inches  per  mile. 

The  second  case  before  adverted  to  is  where  there  are  large  tracts  of 
dry  land  beneath  the  mean  level  of  the  ocean.  It  seems,  after  much 
controversy,  to  be  at  length  a  settled  pomt,  that  the  Caspian  is  really 
88  feet  6  mches  lower  than  the  Black  Sea.  As  the  Caspian  covers  an 
area  about  equal  to  that  of  Spain,  and  as  its  shores  are  in  general  low 
and  flat,  there  most  be  many  thousand  square  miles  of  country  less  than 
83  feet  above  the  level  of  that  inland  sea,  and  consequently  depressed 
below  the  Black  Sea  and  lieditenanean.   This  area  iadudes  the  site  ol 
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the  popoloos  city  of  Astrakhan  and  other  towns.  Into  this  region  the 
ocean  would  pour  its  waters,  if  the  land  now  intervening  between  the 
Hea  of  Azof  and  the  Caspian  should  subside.  Yet  even  if  this  event 
should  opcm,  it  is  most  probable  that  the  submergence  of  the  whole 
region  would  not  be  accomplished  simultaneously,  but  by  ft  series  of 
minor  floods,  the  sinking  of  the  barrier  being  gradual.* 

Suppotid  universality  of  cuteieni  leposits. — ^The  next  fallacy  which 
has  helped  to  perpetuate  flie  doctrine  thftt  the  opentbni  of  water  were 
on  a  different  and  grander  eoale  in  ancient  tunea»  ia  founded  on  the  indef- 
iaiie  aieaa  otot  which  homogeoeona  depoaite  were  auppoaed  to  extend. 
No  modem  aedhnentaxy  atrata»  it  la  ai^,  equally  identica  ji  nineral 
ettaraeter  and  foaaQ  eontenti»  can  he  traced  cootinaoualy  from  one  quar- 
ter of  the  globe  to  another.  But  the  first  propagators  of  these  opinions 
were  very  slightly  acquainted  with  the  ineonatancy  in  mineral  composi- 
tion of  the  ancient  formations,  and  equally  so  of  the  wide  spaces  orer 
whicli  the  same  kind  of  sediment  is  now  actually  distributed  by  rivers 
aad  currents  in  the  course  of  centuries.  The  persistency  of  character 
in  the  older  scrips  was  exaggerated,  its  extreme  variability  in  the  newer 
was  assumed  without  proof.  In  the  chapter  which  treats  of  river-dclUis 
and  the  dispersion  of  sediment  by  currents,  and  in  the  description  of 
retfs  of  coral  now  growing  over  areas  many  huiiUied  miles  in  length,  1 
shall  hare  opportuuiiies  of  conTincing  the  reader  of  the  danger  of  hasty 
geaemBatlona  on  thia  head. 

In  regard  to  the  imagined  univeraality  of  particidar  roeka  of  ancient 
diti,  it  waa  afanoat  uoavoidablo  that  this  nottOtt»  when  once  em- 
biaced,  ahould  be  perpetuated ;  for  the  aame  kinda  of  rock  hare  ooea^ 
■ooaliy  been  repioduced  at  auccessive  epoeha;  aad  when  once  the 
^leement  or  disagreement  in  mineral  character  alone  wa.s  relied  on  as 
tbe  test  of  age,  it  followed  that  ajnular  rocks,  if  found  even  at  the 
iotipodea»  were  referred  to  the  aame  era*  until  the  contrary  could  be 
ibovn. 

*  It  lias  bct'Q  auspcctecl  ever  aince  the  middle  of  the  last  century,  that  the. 
Ca<pian  waa  lower  tnan  the  ocean,  it  beiog  known  that  in  Astrakhan  the  mercury 
in  the  Ij-irnrrtf^ter  generally  fttamf'^  above  thirty  jnchr^  In  1811 ,  MM.  Knm'lhnrtft 
and  Fariut  uitempted  to  deti'rmine  the  exact  uraoiint  of  dilTureucc  by  u  jserius  of 
brdliBgt  and  barometrical  meaaorementa  acroas  the  isthmua  at  two  different 
place"  near  the  foot  of  Mmint  Caurn^n*  Th  -  r '"^nlt  of  their  operattonn  led  them 
tuthe  upiiuun  thut  the  Caspian  was  mure  than  800  feat  below  the  Black  Sea. 
But  the  correctness  of  tbe  ooaervations  having  nfterwarda  been  esUed  in  question, 
M.  I'.trr  t  rt-vi-ifod  the  ground  in  1829  flnd  IS'iO.  i  inferrefl  from  npw  level- 
lu^,  tltat  the  mouth  of  the  Don  was  beiw^eu  three!  and  four  feet  lower  than 
Alt  of  tlie  Woige;  in  oilier  words,  that  the  sea  of  AeoC  which  coaniniiDieatee 
Tith  the  Blacfc  Srn,  wnn  actually  lower  than  the  Caspian!  Other  statements, 
uo  less  contradictory,  having  been  made  by  other  observer^  the  Ruuiaa  govern- 
OMOt  at  leof^  db«eted  ilba  Aeademf  of  St.  Peterabnrg  to  aeed  an  es|wditioii, 
blSn6,  to  dfi'ide  th^  p<itnt  by  a  trij^onometncal  siirvfv,  from  which  it  npp<  art?d 
tluit  the  Caspian  is  101  Ruaaian,  or  lu(^  £n<;(iah,  feet  lower  than  the  Black  bea. 
(For  aotborittea,  aee  Joam.  Roy.  Oeograph.  Soc  vol  vtiL  ]X  185]^  Sir  R  Mnrehi- 
WD,  however,  concludes,  in  184&.  from  th<!  best  BiHiiaii  aothorltiei^  that  the 
(KMioD  of  tbe  Caspian  is  only  83  feet  6  inches. 

meaeoreinenti  of  Major  AntlioDy  Symoadai  MOW  eonfinned  hy  Vfesdi 
MthoiitaM^  meke  tbe  Dead  Sea  to  be  IMO  feet  below  tbe  MeditemuMeo. 
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Now  H  is  usually  impossible  to  combat  such  an  assumption  on  geo 
logical  grounds,  so  long  as  we  are  imperfectly  acquainted  with  the  order 
of  superposition  and  the  organic  remains  of  these  same  formations. 
Thus,  for  example,  a.  group  of  red  marl  and  red  sandstone,  containing 
salt  and  gypsum,  being  interposed  in  England  between  the  Lias  and  the 
Coal,  all  otiier  red  marls  and  sandstones,  associated  some  of  them  with 
salt,  and  others  with  gypsum,  and  occurring  not  only  in  different  parts  of 
Europe,  but  in  North  America,  Peru,  India,  the  salt  deserts  of  Asia, 
those  of  Africa — in  a  word,  in  every  quarter  of  the  globe,  were  referred 
to  one  and  the  same  period.  The  burden  of  proof  was  not  supposed  to 
rest  with  those  who  insisted  on  the  identity  in  age  of  all  these  groups — 
their  identity  in  mineral  composition  was  thought  sufficient.  It  was  in 
vain  to  urge  as  an  objection  the  improbability  of  the  hypothesis  which 
implies  that  all  the  moving  waters  on  the  globe  were  once  simultaneously 
charged  with  sediment  of  a  red  color. 

But  the  rashnesd  of  pretending  to  identify,  in  age,  all  the  red  sand- 
stones and  marls  in  question,  has  at  length  been  sufficiently  exposed,  by 
the  discovery  that,  even  in  Europe,  they  belong  decidedly  to  many  dif- 
ferent epochs.  It  is  already  ascertained,  that  the  red  sandstone  and  red 
marl  containing  the  rock-salt  of  Cardona  in  Catalonia  is  newer  than  the 
Oolitic,  if  not  more  modem  than  the  Cretaceous  period.  It  is  also 
known  that  certain  red  marls  and  variegated  sandstones  in  Auvergne 
which  are  undistinguishable  in  mineral  composition  from  the  New  Red 
Sandstone  of  English  geologists,  belong,  nevertheless,  to  the  Eocene 
period  ;  and,  lastly,  the  gypseoxis  rod  marl  of  Aix,  in  Provence,  for- 
merly supposed  to  be  a  marine  secondary  group,  is  now  acknowledged 
to  be  a  tertiary  freshwater  formation.  In  Nova  Scotia  one  great  de- 
posit of  red  marl,  sandstone,  and  gypsum,  precisely  resembling  in  min- 
eral character  the  "  New  Red"  of  England,  occurs  as  a  member  of  the 
Carboniferous  group,  and  in  the  United  States  near  the  Falls  of  Niagara, 
a  similar  formation  constitutes  a  subdivision  of  the  Silurian  series.* 

Nor  was  the  nomenclature  commonly  adopted  in  geology  without  its 
influence  in  perpetuating  the  erroneous  doctrine  of  universal  formations. 
Such  names,  for  example,  as  Chulk,  Green  Sand,  Oolite,  Red  Marl,  CojJ, 
and  others,  were  given  to  some  of  the  principal  fossiliferous  groups  in 
consequence  of  mineral  peculiarities  which  happened  to  characterise 
them  in  the  countries  where  they  were  first  studied.  When  geologists 
had  at  length  shown,  by  means  of  fossils  and  the  order  of  superposition, 
that  other  strata,  entirely  dissimilar  in  color,  texture,  and  composition, 
were  of  contemporaneous  date,  it  was  thought  convenient  still  to  retain 
the  old  names.  That  these  were  often  inappropriate  was  admitte<l ; 
out  the  student  was  taught  to  understand  them  in  no  other  than  a 
chronological  sense  ;  so  that  the  Chalk  might  not  be  a  white  cretaceon 
rock,  but  a  hard  dolomitic  limestone,  as  in  the  Alps,  or  a  brown  san  l- 
«tone  or  green  marl,  as  in  New  Jersey,  U.  S.    In  Uke  manner,  ihf 


*  See  Ljell's  Travels  in  N.  America,  ch.  2  and  26. 
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Oreen  Sand,  it  was  said,  might  in  some  places  be  represented  bj  led 
sandstone*,  red  marl,  salt,  and  crvpsiim,  fis  in  the  north  of  Spain.  So 
the  wlitir  tf^xtiire  was  d rehired  to  be  rather  an  exception  than  other- 
wise to  the  general  rul  -  iti  roclis  of  the  Oolitic  jK^riod  :  and  it  often 
became  necessary  to  aiHria  that  no  particle  of  carhK>n;ifoous  matter 
could  be  detected  in  districts  where  the  true  Coal  series  abounded.  In 
spite  of  every  precaution  the  habitual  use  of  this  language  could  scarcely 
fa3  U>  ioBlil  into  the  mind  of  the  pupil  an  idea  tint  elialk,  coal,  salt,  red 
ntt),  «r  the  Oolitio  straetnre  irere  far -more  widelf  ehaiaeteriatic  of 
the  raeks  of  a  given  age  than  waa  reaUj  the  eaae. 

Thaie  k  atOl  another  cavae  of  deeeption,  diapoabg  na  to  aaoribe  a 
awie  liaiited  range  to  the  newer  aediinentary  formations  as  eompared 
Id  the  older,  namely,  the  very  general  concealment  of  the  newer  strata 
beneath  the  watem  of  lakes  and  seas,  and  the  vide  exposure  above 
waters  of  the  more  ancient.  The  Chalk,  for  example,  now  seen  stretch- 
ing for  thousands  of  miles  over  different  parts  of  Europe,  has  become 
TTsible  to  us  by  the  effect,  not  of  one,  but  of  many  distinct  scries  of  sTih- 
ttrran^'Rn  mnv^ments.  Time  has  been  required,  and  a  succession  of 
g»"olugical  periods,  to  niise  it  above  the  waves  in  so  many  regions ;  and 
if  ciilcareous  rocks  of  the  middle  and  upper  tertiary  periods  have  been 
formed,  as  homogeneous  in  mineral  composition  throughout  equally  ex- 
teonve  regions,  it  may  reqoiie  conTolsions  as  numerous  as  all  those 
vliii^  have  oocorred  einoe  the  origin  of  the  Chalk  to  bring  them  np 
vitluD  the  sphere  of  hnman  obsarration.  Hence  the  rocks  of  more 
nodera  periods  may  appear  partial^  as  compared  to  those  of  remoter 
mtf  not  beeaose  of  any  original  inferiority  in  their  extent,  but  becauso 
tkera  has  not  been  sufficient  time  since  their  origin  for  Uie  derelopment 
rf i  great  series  of  elevatoiy  movements. 

In  regard,  however,  to  one  of  tlie  most  important  characteristics  of 
sedim^'ntary  rocks,  their  organic  remains,  many  naturalists  of  high  au- 
thority have  maintained  tluit  the  same  species  of  f^^-^sils  are  more  uni- 
formly distributed  through  lormations  of  high  antit^uuy  than  in  those  of 
more  modem  date,  and  that  distinct  zoological  and  botanical  provinces, 
as  they  are  called,  which  form  so  striking  a  feature  in  the  living  crea- 
tion, were  not  established  at  remote  eras.  Thus  the  plants  of  the  Coal, 
the  shells*  the  tribhkes  of  the  Silurian  rocks,  and  the  ammooiteo  of  the 
Oolite*  have  been  supposed  to  have  a  wider  geographical  range  than 
iBf  living  speeiea  of  plants*  cmstaoeensi  or  moUusks.  This  opution 
leems  m  certain  cases  to  be  well  founded,  especially  in  relation  to  the 
fliats  of  the  Carboniferous  epoch*  owing  probably  to  the  more  uniform 
tempemture  of  the  globe,  at  a  time  when  the  poattioo  of  sea  and  land 
was  less  favorable  to  variations  in  climate,  according  to  principles 
alr^y  explained  in  the  seventh  and  eighth  chapters.  But  a  recent 
cnmpirison  of  the  fossils  of  North  American  rocks  with  those  of  corre- 
ipondini:^  nges  in  tho  Eiiropf-nn  series,  has  proved  that  the  t'Tn-strial 
fetation  of  the  Caibi mifi  lous  epoch  is  an  exception  to  the  general 
nl^  and  that  the  fauna  and  flora  of  the  earth  at  successive  periods* 


SUPPOSED  70BMEB  INTENSnT 


from  Ihe  oldest  Sflniian  to  tbe  nemt  Tertiaiy  wai  as  diversified  m 
now.  The  shells,  corals,  and  other  classes  of  oi^g^aaie  remains  denon- 
stnte  the  fact  that  the  earth  might  then  have  been  divided  into  separate 
zoolo^cal  pro^nnces,  in  a  manner  nn?^1onrous  to  that  obflenred  in  the  geo> 
gnphical  diathbuttoa  of  apecies  now  liviqg. 


CHAPTKR  XL 

OF  TBI  SUPP08ID  FORMXR  nfTBHSIIT  OP  TBB  lONBOUB  POIOM. 

Volcanic  action  at  suocesoire  geological  perioaa — Platonic  rocka  of  different  ages — 
Gradual  development  of  subterraDean  movementa — Faults — Doctrine  of  tlie 
eudden  upheaval  of  parallel  mountaiQ-chaios — Objections  to  tLe  proof  of  the 
raddenoew  of  the  apbeaval,  and  the  oontampiiraDeoiinen  of  panllot  duin^^ 
Trains  of  active  volcanoes  not  parallel — As  large  tracts  of  land  are  rising  or 
sinking  slowly,  so  narrow  zones  of  land  may  be  pushed  up  gradually  to  irr«iat 
heights — Beodiog  of  strata  bj  lateral  pressure — Adequacy  of  the  volcauic 
power  to  effect  lliiB  without  paroxysmal  coovulaioiie. 

When  reasoning  on  the  intensity  of  volcanic  action  at  former  periods, 
as  well  as  on  the  power  of  moving  water,  already  treated  of,  gcolofrista 
have  been  ever  prone  to  represent  Nature  as  havinfr  boon  prodigal  of 
violence  and  parsimonious  of  time.  Now,  although  it  is  less  easy  to 
determine  the  relative  ages  of  the  volcanic  than  of  the  fossiliferoua  for- 
mations, ii  is  undeniable  that  igneous  rocks  have  been  produced  ai  all 
geologicBl  periods,  or  as  often  as  we  fiod  disttnet  deposits  mucked  by 
peouUar  animal  and  T^table  Tenuuos.  It  can  be  shown  that  rocks 
eommoidy  osUed  trappean  have  been  injecfed  Into  fissures,  and  ejeeted 
at  tbe  surface,  botb  before  and  during  tbe  deposition  of  the  Carbon* 
iferoQS  series,  and  at  tlic  time  when  the  Magnesian  Limestone,  and 
when  the  Upper  New  Red  Sandstone  were  formed,  or  when  the  Lias, 
Oolite,  Green  iSand,  Chalk,  and  the  several  tertiary  groups  newer  than 
tbe  chalk,  originated  in  succession.  Nor  is  this 'all:  distinct  volcanic 
products  may  be  referred  to  tlie  subordinnte  divisions  of  each  perio<l, 
such  as  the  Carboniferous,  in  the  county  of  Fife,  in  Scotland,  where 
certain  masses  of  contemporaneous  trap  are  associated  with  the  i^ower, 
Others  with  the  Upper  Coal  measures.  And  if  one  of  these  masses  is 
more  minutely  examined,  we  find  it  to  consist  of  the  products  of  a  great 
many  successive  outhursts,  by  which  scoriso  and  lava  were  again  and 
again  emitted,  and  afterwards  consolidated,  then  fissured,  and  finally 
traverted  by  :uelfced  matter,  conslitutmg  what  are  called  dikes.*  As 
we  enlaiigOy  therefore,  oar  knowledge  of  the  ancient  rocks  foime.(  bj 

•  See  Manual  of  Geology,  chap.  29  to  33,  bdmive 
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nbtonoeaii  beat^  we  find  oaiMlves  eompellcd  lo  ngaid  tbem  it  the 
^(jgi^gile  eifeote  of  nmnnieraUe  ernpfioiiB,  each  of  whieh  mB7haTe 
W«e  oompemUe  k  violenee  to  tliose  now  experienced  in  vokanie 

MglQIIS. 

It  may  indeed  be  said  that  we  bare  as  yet  no  data  for  estimating  the 
reladve  volume  of  matter  simultanaously  in  a  state  of  fusion  at  two 
given  periods,  as  if  we  were  to  compare  the  columnar  basalt  of  Staffa 
and  it?  environs  with  the  lava  poured  out  in  Iceland  in  1783;  but  for 
this  very  reason  it  would  be  rash  and  Tin]i]nl '-^f^pliic.d  to  assume  an  ex- 
t»M  of  ancient  as  contrasted  with  modern  ouipouriiigii  of  melted  mattf  r 
at  particular  periods  of  time.*  It  would  be  still  more  presumptuous  to 
take  for  grautcd  that  the  more  docp-seatcd  efl'ccLs  of  suhterruneati  heat 
surpassed  at  remote  eras  the  corresponding  effe4*.ta  of  internal  heat  in 
ow  own  tinea.  Gertttn  porphjriea  ud  giaaiCea,  and  aU  the  roekt  com- 
mooly  called  p1tttaiiie»  ai«  now  genenllj  anppoaed  to  have  reenlted  from 
Ike  dow  oooBng  of  nMrteriab  fined  and  aolidified  under  great  preaaure : 
ind  we  eanndi  doubt  that  henealh  eziatuig  volcanoee  there  are  large 
tf$e»  filled  with  melted  stone,  which  must  for  centuricB  remain  in  an 
ioeiadoeent  state,  and  then  cool  and  become  hard  and  crystaUioe  when 
the  labterranean  heat  shall  be  exhausted.  That  lakes  of  lava  are  con- 
tionous  for  hundreds  of  miles  beneath  the  ChiUaa  Andes,  aeema  eatab- 
liah€<l  bv  ob*ierrations  made  in  the  year  1 835.f 

Now,  wherever  the  fluid  contents  of  such  reservoirs  are  poured  out 
sacceivsively  from  craters  in  the  open  air,  or  at  the  bottom  of  the  sea, 
lilt'  matter  so  ejected  may  afford  evidence  by  its  arrangement  of  having 
oriirinated  at  different  periods;  but  if  the  subterranean  residue  after  the 
witliUnivval  of  the  heat  be  converted  into  cryhtalline  or  plutonic  rock, 
theeotirt  maas  may  seem  to  have  been  formed  at  once,  however  count* 
ha  the  agea  required  for  ita  fnakm  and  aaheeqnent  refrigeration.  Aa 
the  idea  that  all  the  granite  in  the  earlh'a  cmat  waa  produced  aimulta- 
aeoody,  and  b  a  primitiTe  atate  of  the  planet*  haa  now  been  nnivefaallj 
akwdoQcd  ;  ao  the  auggeation  abore  adTeited  to,  may  pat  ua  on  our 
gwd  agaiut  too  readUj  adoptbg  another  opinion,  namely,  that  each 
large  mass  of  granite  was  generated  in  a  brief  period  of  time. 

Modem  writers  indeed,  of  authority^  mnb  more  and  more  agreed  that 
m  the  case  of  granitic  rocks,  the  passage  from  a  liquid  or  pasty  to  a 
solid  and  crystalline  state  must  havp  been  an  extremely  gradual  process. 

The  doctrine  so  murh  insisted  upon  formerly,  that  crystalline  rocks, 
8och  as  ^ranite,  gnetss,  mica-schist,  quart/.ite,  and  otliers  were  produced 
m  ibt'  crreiilest  abundance  in  the  earlier  ai^es  of  the  planet,  and  that 
their  tui  iiiaiion  has  ceased  altogether  m  our  owu  limt-b,  will  be  contro- 
Tetted  in  the  next  chapter. 

Gradual  devehpmmt  ifmAknmmm  MOMNMiili.— The  extreme  vio- 
tcMCflf  the  rabtetraMin  foroes  in  remote  ages  haa  been  often  inferred 
bm  the  iaela  that  the  older  voeka  are  mora  fnctnred  and  didocated 
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tbao  tfa0  newer.  But  what  oCber  result  eovJd  we  hm  aatieipeled  if  tlia 
qtuutitj  of  movement  bad  been  always  equal  in  eqnal  periods  of  time  ? 
Time  most*  in  that  eaae»  multiply  the  deiangement  of  sbata  in  the  ntio 

el  thenr  antiquity.  Indeed  the  nnmerotis  exceptions  to  tie  above  rule 
which  we  6nd  in  nature,  present  at  firat  sight  the  only  objection  to  the 
hypothesis  of  uniformity.  For  the  more  ancient  formations  remain  in 
many  places  horizontal,  while  in  others  much  newer  strata  are  curved 
and  vertical.  This  apparent  anomaly,  however,  will  be  seen  in  the  next 
chapter  1o  depend  on  the  irregular  manner  in  which  the  volcanic  and 
Rubtermneun  agency  aff(H  t  dilTerent  parts  of  the  earth  in  succession,  be- 
ing often  renewed  again  and  again  in  certain  areas,  while  othera  remain 
during  the  whole  time  at  rest. 

That  the  more  impressive  effects  of  subterranean  power,  sucb  as  the 
upheaval  of  moantain-chaioa,  may  have  been  due  to' multiplied  eoovul- 
sions  of  moderate  intensity  rather  than  to  a  few  paroxysmal  exploaion% 
will  appear  the  less  tmprobable  when  the  gradual  and  intermittent  de- 
^lopment  of  volcanie  eruptions  in  times  past  is  once  established.  It  is 
now  very  generally  conceded  that  these  eruptions  have  their  source  in 
the  same  causes  as  those  which  gi^'e  rise  to  the  permanent  elevation  and 
raddog  of  land;  the  admission,  therefore,  that  one  of  the  two  volcanic 
or  subterranean  processes  has  g^one  on  gmdually,  draws  with  it  the  con- 
clu'^ion  that  the  efTects  of  the  other  have  been  elaborated  by  successive 
and  gradual  efforts. 

Faults. — The  same  reasoning  is  applicable  to  great  faults,  or  those 
sinking  instances  of  the  upthrow  or  downthrow  of  larjre  masses  of  rock, 
which  have  been  thought  by  some  to  imply  tremendous  catastrophes 
wholly  foreign  to  the  ordinary  course  of  nature.  Thus  we  have  ic 
Eogland  faults^  in  which  the  vertical  displaoemeat  is  between  600  and 
8000  feet,  and  the  horiiontal  extent  thirty  miles  or  more,  the  width  of' 
tite  fissures  since  filled  up  with  rubbish  varying  from  ten  to  fifty  feet 
But  when  we  inquire  into  the  proofs  of  the  mass  having  risen  or  lallen 
suddenly  on  ttie  one  side  of  these  great  rents,  several  hundreds  or  thon- 
sands  of  feet  above  or  below  the  rock  with  which  it  was  once  eootinnous 
on  the  other  side,  we  find  the  evidence  defective.  There  are  grooves,  it 
is  said,  and  scratches  on  the  rubbed  and  polished  walls,  which  have 
often  one  common  direction,  favoring  the  theory  that  the  movement  wjih 
accomplished  by  a  single  stroke,  and  not  by  a  series  of  interrupted  raovo- 
ments.  But,  in  fact,  the  stria'  are  not  always  paraHel  in  such  cases,  but 
often  irregular,  and  sometimes  the  stones  and  earth  which  are  in  the  mid- 
dle of  the  fault,  or  fissure,  have  been  polished  and  striated  by  friction  in 
difierent  directions,  showing  that  th^  have  been  slidings  subsequent  to 
the  firet  intr)duction  of  the  fragmentary  matter.  Nor  should  we  for^t 
that  the  last  movement  must  always  tend  to  obliterate  the  signs  of  pre- 
vious tritumtion,  so  that  neither  its  instantaneousness  nor  the  wuformity 
of  its  direction  can  be  inferred  from  the  parallelism  of  the  strim  thai 
have  been  last  produced. 

When  rocks  have  been  once  frsotored,  and  freedom  of  motion  eom* 
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raonicated  to  detached  portions  of  them,  these  will  naturally  continue 
to  yield  in  the  same  direction,  if  the  process  of  upheaval  or  of  under- 
mining be  repeated  again  and  again.  The  incumbent  mass  will  always 
give  way  along  the  lines  of  least  resistance,  or  where  it  was  formerly 
rent  asunder.  Probably,  the  effects  of  reiterated  movement,  whether 
upward  or  downward,  in  a  fault,  may  be  undistinguishable  from  those 
of  a  single  and  instantaneous  rise  or  subsidence ;  and  the  same  may  be 
said  of  the  rising  or  falling  of  continental  masses,  such  as  Sweden  or 
Greenland,  which  we  know  to  take  place  slowly  and  insensibly. 

Doctrine  of  the  sudden  upheaval  of  parallel  mountain-chaim. — The 
doctrine  of  the  suddenness  of  many  former  revolutions  in  the  physical 
geography  of  the  globe  has  been  thought  by  some  to  derive  additional 
conBrmation  from  a  theory  respecting  the  origin  of  mountain-chains,  ad- 
vanced in  1833  by  a  distinguished  geologist,  M.  Elie  de  Benumont.  In 
several  essays  on  this  subject,  the  last  published  in  1852,  he  has  at- 
tempted to  establish  two  points ;  first,  that  a  variety  of  independent 
''hains  of  mountains  have  been  thrown  up  suddenly  at  particular  periods  ; 
and,  secondly,  that  the  contemporaneous  chains  thus  thrown  up,  pre- 
sene  a  parallelism  the  one  to  the  other. 

These  opinions,  and  others  by  which  they  are  accompanied,  are  so 
adverse  to  the  method  of  interpreting  the  history  of  geological  changes 
which  I  have  recommended  in  this  work,  that  1  am  desirous  of  explain- 
ing the  grounds  of  my  dissent,  a  course  which  I  feel  myself  the  more 
called  upon  to  adopt,  as  the  generalizations  alluded  to  are  those  of  a 
sidlful  writer,  and  .m  original  observer  of  great  talent  and  experience. 
I  shall  begin,  therefore,  by  giving  a  brief  summary  of  the  principal  prop- 
ositions laid  down  in  the  works  above  referred  to.* 

Ist.  M.  de  Beaumont  supposes  "  that  in  the  history  of  the  earth 
there  have  been  long  periods  of  com  parative  repose,  during  which  the 
deposition  of  sedimentary  matter  has  gone  on  in  regular  continuity ;  and 
there  have  also  been  short  periods  of  paroxysmal  violence,  during  which 
that  continuity  was  broken. 

"2dly.  At  each  of  these  periods  of  violence  or  'revolution,*  in  the 
state  of  the  earth's  surface,  a  great  number  of  mountain-chains  have 
been  formed  suddenly. 

**3dly.  The  chains  thrown  up  by  a  particular  revolution  have  one 
uniform  direction,  being  parallel  to  each  other  within  a  few  degrees  of 
the  compass,  even  when  situated  in  remote  regions  ;  whilst  the  chains 
thrown  up  at  different  periods  have,  for  the  most  part,  different  di- 
rections. 

"4lhly.  Elach  'revolution,'  or  'great  convulsion,'  has  fallen  in  with 
the  date  of  another  geological  pbenomenon ;  namely,  '  the  passage  from 

•  Ann.  d*»»  Sci,  Nat.,  Septomhrc.  Novembrp,  et  D<I''cembre,  1829.  Revue  Frnn- 
^oiie,  Na  15,  .May,  1880.  Bulletin  do  la  SfK  i6t6  G6oL  de  France,  864,  May, 
1M7.  The  latest  edition  of  M.  de  BcmmjoiilV  theory  will  bo  found  in  the  12th 
vol  of  the  Dictioonaire  Uiiivers'el  <rili>t.  Nut.  1862,  art.  "  Syst^mes  dea  Mod- 
f  alBO  the  same  printed  separately. 


164  BUPPOBKD  OaSJSMFORASmOim  UPHSAYAL  [Co.  X£ 

CM  ind^Modflot  ■edrnwitny  ftnaitioii  to  moUmt/  tlmatteiiied  by  • 
«OBiiderilble  diiemioe  in  'oiganie  types.' 

"5Uily.  TheieliMbeeaararaneiioeof  dMMpnoijBBnlB^ 
fiom  the  TCDMint  geoiogieal  periods ;  an^ 

•od  the  repose  in  whieh  we  Uie  may  hereafter  be  broken  by  theenddes 

vpthrow  of  another  system  of  parallel  chains  of  aMmntoins. 

"  6thly.  The  origin  of  these  chains  depends  not  on  partial  Tolcanie 
action,  or  a  reiteration  of  ordinary  earthquakes,  but  on  the  secular  re- 
frigeration of  til'-  '  ntire  planet.  For  the  whole  globe,  with  the  t^xcep- 
lion  of  a  thin  env  elope,  notuch  thinner  in  proportion  than  the  sIr'H  to  an 
egg,  is  a  fused  mass,  kept  fluid  by  heat,  but  constantly  cooling  and 
coniracling  ita  dimensions.  The  external  crust  does  not  gradually  col- 
lapse and  accommodate  itself  century  after  century  to  the  shrunken 
nacleas,  subsiding  as  often  as  there  is  a  slight  failure  of  support,  but  it 
k  msteimfd  throughout  whole  geological  periods,  to  as  to  beoome  par- 
tially  sepaiated  from  the  micleDS*  antil  at  last  it  givea  way  suddenly, 
oiaddDgaiidlUliiiginaloog  detennuiBte  liaesof  DiiriBganeh 
a  crisis  the  rooks  are  subjected  to  great  htend  pressure^  the  vnyielding 
ones  are  crushed,  and  the  pfiaot  strata  bent*  and  are  forced  to  paok 
themselves  more  closvly  into  a  smaller  space,  having  no  longer  the 
same  room  to  spread  themselves  out  horisontally.  At  the  same  time^ 
a  large  portion  of  the  mass  is  squeezed  upwards,  because  it  is  in  the 
upward  direction  only  that  the  excess  in  size  of  the  envelope,  as  com- 
pared to  the  contracted  nucl<  us,  can  find  relief.  This  excesjj  produces 
one  or  m<>re  of  those  folds  or  wrinkles  in  the  earth's  crust  which  we  call 
mountain -chains. 

"  Lastly,  some  chains  are  comparatively  modem ;  such  as  the  Alps, 
which  were  partly  upheaved  after  the  middle  tertiary  period.  The 
elevation  of  the  Andes  wss  much  more  recent*  and  was  accompanied  by 
the  sunnltaneotts  ontboist  for  the  first  time  of  270  of  the  principal  vol- 
canoes now  active.* 

"The  agitation  of  the  waters  of  the  ocean  caused  by  tins  eoovidaioii 
probably  occasioned  that  transient  and  general  deluge  which  is  notieed 
in  the  traditions  of  so  many  nations. "f 

Several  of  the  topics  enumerated  in  the  above  summary,  such  as  the 
cause  of  interruptions  in  the  sedimentary  serie.s,  will  be  discussed  in  the 
thirteenth  chapter,  and  I  shall  now  confine  myself  to  what  I  conceive 
to  be  the  insufficiency  of  the  proofs  adduced  in  favor  of  tlic  suddenness 
of  tlie  upthrow,  and  the  contemporaneousness  of  the  origin  of  tlie  paral- 
lel chains  referred  to.  At  the  sjime  time  1  may  remark,  that  the  great 
body  of  facts  collected  together  by  M.  de  Beaumont  will  always  form 
a  most  valuable  addition  to  onr  knowledge,  tending  as  they  do  to  eos- 
ftrm  the  doctrine  that  diflTereot  monntain-ehains  have  been  fcnned  in 
snocession,  and,  as  Werner  fiist  pointed  out,  that  there  are  certain  da- 
lanmnato  linea  of  dueetion  or  strike  in  the  strata  jof  various  coantries. 

•^TsttaMdsMooL^m  f  Ihid.  pp.  ^61  snd  m 
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The  kXkfmDg  may'senw  as  aa  andyaiB  of  the  evidence  on  wbieb 
dw  theory  above  stated  depends.  **  We  observe,**  sajs  M.  de  Beau- 
noaft, "  vhen  we  attentivelf  emuiBe  nearly  all  moutam-ehains,  that 

tin  most  recent  rooks  extend  horizontally  up  to  tbe  foot  of  sucli  chains* 
as  «e  should  expect  would  be  the  case  if  they  were  deposited  in  seas 
or  lakes,  of  whiob  these  mount&ins  have  partly  fonned  the  shores ; 
whilst  the  other  sedimentary  beds,  tilted  up,  and  more  or  less  contorted, 
on  the  flanks  of  the  mountains,  rise  in  certain  points  even  to  their  high- 
est crests  "*    There  are,  therefore,  in  and  adjacent  to  each  chain,  two 
clasj^'s  ol  sediinentary  rocks,  the  ancient  and   nclined  beds,  and  the 
newtr  or  horizontal.    It  is  evident  that  the  first  appearance  of  the  chain 
itself  WHS  an  event  "  uiLt  f-raediate  between  the  period  when  tiie  beds 
SBV  uprai&ed  were  deposited,  and  the  period  when  the  strata  were  pro* 
ted  KorisontaUy  at  Hfrfiset" 


flf.  IL  A 


Tlkn  the  ehain  A  assnmed  its  present  position  after  tbe  deposition 
of  (he  strata  b,  whioh  have  undergone  great*  movements^  and  before 
tiie  deposition  of  the  group  e,  in  whioh  the  strain  have  not  suffered 
dsfssgement 

If  we  then  discover  another 'chain    in  whicb  we  find  no^  eoly  the 


fenastion  h,  hot  the  groop  e  also,  distorbed  and  thrown  on  its  edges^ 
«e  may  infer  that  the  latter  chain  is  of  subsequent  date  to  A  ;  for  B 
most  have  been  elevated  after  the  deposition  of  c,  and  before  that  of 
the  group  d  ;  whereas  A  had  originated  before  the  strata  c  were  formed. 

It  is  then  argued,  that  in  order  to  ascertain  whether  other  mountain 
arp  of  contemporaneous  dat^  with  A  and  B,  or  are  referable  to 
diitinrt  periods,  we  have  only  to  inquire  whether  the  inchned  and  un- 
di'turix'd  sets  of  strata  in  each  range  correspond  with  or  differ  from 
those  in  tiie  typical  chain  A  and  B. 

Now  all  this  reasoning  is  perfectlv  correct,  so  lon^'  as  the  period  of 
time  re(^uircd  for  the  depoisition  of  the  btraia  b  and  c  is  not  made  iden- 


♦  na  Msg,  sad  Annak,  K<x  S8l  Kew  9stles»  p.  H«L 
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tical  in  dniatioii  with  tbe  period  of  time  during  which  the  anmuds  and 
plants  fonad  f<wnl  in  6  and  c  may  hare  nourished ;  for  the  kitcir,  thai 
ii  to  say,  the  duration  of  certain  gnmps  of  species*  may  have  jj^natly 
ezceededr  and  probably  did  greatly  exceed,  the  fonner,  or  the  time 
required  for  the  accnmnlation  of  certam  local  deposits^  sooh  as  and  s 
(figs.  11  and  12).  In  order,  moreover,  to  rend^  the  rsasoning  ccr> 
reet,  doe  latitude  must  be  given  to  the  term  oontemporaoeoiis ;  for 
this  term  must  be  understood  to  allude,  not  to  a  moment  of  time,  bat 
to  tiie  interval,  whether  brief  or  protracted,  which  elapsed  between 
two  events,  namely,  between  the  accumulation  of  the  indioed  and  thai 
of  the  horizoiital  strata. 

But,  unfortunately,  no  attempt  has  been  made  in  the  treatises  under 
review  to  avoid  this  manifest  source  of  confusion,  and  hence  the  very 
terms  of  each  proposition  arc  equivocal ;  and  the  possible  length  of 
some  of  the  intervals  is  so  vast,  that  to  affirm  that  all  the  chaiiui.  raised 
in  such  intmak  were  etrntempwanemu  m  an  abuse  of  language. 

In  order  to  illustrate  this  argument,  I  shall  select  the  Pyrenees  as  an 
example.  Originally  M.  E.  de  Beaumont  spoke  of  this  range  of  moun- 
tains as  having  been  uplifted  suddenly  {h  tin  tettl  Jet),  but  he  has  since 
conceded  that  in  this  chain,  in  spite  of  the  general  unity  and  simplicity 
of  its  structure,  six.  if  not  seven,  systems  d  dislocation  of  different  dates 
can  be  recognized.*  In  reference,  however,  to  the  latest,  and  by  far 
the  most  important  of  these  convulsions,  the  chain  b  said  to  have  at- 
tained its  present  elevation  at  a  certiiin  epoch  in  the  earth's  history, 
namely,  between  the  deposition  of  the  chalk,  or  rocks  of  about  tb<4l 
age,  and  tliat  of  certain  tertiary  formations  "as  old  as  the  plastic  clay 
for  the  chalk  is  seen  in  vertical,  curved,  and  distorted  beds  on  the  flanks 
of  the  chiiin,  as  the  beds  b,  fig.  11,  while  the  tertiary  formations  rest 
upon  them  in  horizontal  strata  at  its  base,  as  c,  ibid. 

The  proof,  then,  of  the  extreme  suddeniiess  of  the  convulsion  is  su^ 
posed  to  be  the  shortness  of  the  time  which  intervened  between  the 
formation  d  the  chalk  and  the  origin  of  certain  terUary  8trata.f  Even 
if  the  interval  were  deduoible  within  these  limits,  it  might  comprise  an 
indefinite  lapse  of  time.  In  strictness  of  reasoning,  however,  the  author 
cannot  exclude  the  Cretaceous  or  Tertiary  periods  from  the  poaaible 
dumtion  of  the  interval  during  which  the  elevation  may  have  tak«n 
place.  For,  in  the  first  place,  it  cannot  be  assumed  that  the  move- 
ment of  upheaval  took  place  after  the  close  of  the  Cretaceous  period  ; 
we  can  merely  say,  that  it  occurred  after  the  deposition  of  certain 
strata  of  that  period;  secondly,  although  it  were  true  that  the  event 
happened  before  the  formation  of  all  t})(^  tt  riiary  strata  now  at  the  base 
of  the  Pyrenees,  it  would  by  no  moans  follow  that  it  preceded  the 
whoit'  Tertiary  epoch. 

Tile  age  of  the  strata,  both  of  the  inclined  and  horizontal  series,  may 

*  8Tst6m«»  de  MoDtagncs,  1852,  p.  429. 

f  Phil  Mag.  and  AoDslft  N«  M.  New  mrimt  ^  U$, 
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hftft  been  accurately  deienmoed  by  M,  De  Beaumont,  and  still  tbo  up- 
beavtng  of  the  Pyrenees  may  have  been  going  on  before  the  animals  of 
the  Chalk  period,  such  as  are  found  fossil  in  England,  had  ceased  to  ex- 
ist, or  when  the  Maestricht  beds  wore  in  progrt  ss,  or  during  the  indefi- 
mw  ni^es  which  may  have  elapsed  U  twecn  the  extinction  of  the  Maes- 
triclit  animals  and  the  introduction  of  the  Eocene  tribes,  or  during  the 
Eocene  epoch,  or  the  ri^e  may  have  been  going  on  throughout  one,  or 
ievenl,  or  all  of  these  periods. 

It  would  be  a  purely  gratuitous  ttanmption  to  say  that  the  inetined 
CKlMeoqs  strata  (6,  fig.  11)  on  the  flanks  of  the  Pyrenees,  weie  the 
voy  last  which  were  deposited  during  the  Cretaceous  period,  or  that» 
aiwm  aa  they  were  upheaT^,  all  or  nearly  all  the  apeeies  of  animals 
lod  plants  now  found  fossU  m  them  were  sudden^  eztermuiAted ;  yet, 
unless  ihis  can  be  affirmed,  we  cannot  say  that  the  Pyrenees  were  not 
spheaved  during  the  Cretaceous  period.  Consequently,  another  range 
of  mountains,  at  the  base  of  which  cretaceous  rocks  may  lie  in  horizontal 
^.mtificntton,  miiy  have  been  elevated,  like  the  chain  A,  fig.  12,  during 
some  part  of  the  same  c^reat  period. 

There  are  mountains  in  Sicily  two  or  three  thousand  f»  et  hiijh,  the 
tops  of  wliich  are  composed  of  limestone,  in  whicii  a  hxrrra  proportion  of 
the  fo»il  shells  asfree  specifically  with  thme  now  inhabiting  the  Medi- 
terranean.   Here,  as  in  many  oiher  counlries,  the  deposits  now  in  pro- 
gicas  in  the  sea  must  inclose  shells  and  other  fossils  specifically  idenUcai 
villi  those  of  the  rocks  constituting  the  contiguous  land.   So  there  are 
irisadi  in  the  Pacific  where  a  mass  of  d^  coral  has  emeiged  to  a  con> 
ndcraUe  altitude,  while  other  portions  of  the  mass  remain  beneath  the 
•et,  still  increasing  by  the  growth  of  living  soophytes  and  shelb.  The 
chalk  of  the  Pyrenees,  therefore,  may  at  a  remote  period  have  been 
raised  to  an  elevation  of  several  thousand  feet,  while  the  species  found 
foBol  in  the  same  chalk  still  continued  to  be  represented  in  the  fauna  of 
the  neighboring  ocean.    In  a  word,  we  cannot  assume  that  the  origin  of 
anew  ran^^e  of  mountains  cau'^ed  tlie  Crt'taceous  period  to  cease,  and 
served  as  the  pn-lu'!**  to  a  new  o'-^.t  of  ihinacs  in  the  animati'  creation. 

To  illusirni.  tli<  grave  objeciions  above  advanced,  against  the  theory 
considered  in  liie  jm  .sent  chapter,  let  us  suppose,  that  in  some  country 
three  styles  of  architecture  had  prevailed  in  succession,  each  for  a  period 
of  one  thousund  years ;  first  the  Greek,  then  the  RcMoan,  and  then  the 
Gothic ;  and  that  a  tremendous  earthquake  was  known  to  hare  occurred 
n  the  same  district  during  one  of  the  three  periods— a  convulsion  of 
rack  violence  as  to  have  levislled  to  the  ground  all  the  buildings  then 
itanding.  If  an  antiquary,  desirous  of  discovering  the  date  of  the  catas- 
trophe, should  first  arrive  at  a  city  where  several  Greek  temples  were 
Ijrii^  in  ruins  and  half  engulphed  in  the  earth,  while  many  Gothic  edi- 
fiees  were  6tandin<r  nninjured,  could  he  determine  on  these  data  the  era 
of  the  shook  ?  Could  he  even  exclude  any  one  of  the  tl^ree  ppriod*«. 
and  decide  that  it  must  have  happened  durinL,'  one  of  the  ofh-  r  two  ? 
Certainly  not.   He  could  merely  affirm  that  it  happened  at  some  peiWd 
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after  the  introduction  of  the  Greek  style,  and  before  the  Gotl  :  haa 
fallen  into  disuse.  Should  he  pretend  to  define  the  date  of  the  mrul* 
sion  with  greater  precision,  and  decide  that  the  earthquake  mu  .  hav« 
occurred  after  the  Oreck  and  before  the  Gothic  period,  that  is  o  say, 
when  the  Roman  style  was  in  use,  the  fallacy  in  his  reasoning  w<  ild  be 
too  palpable  to  escape  detection  for  a  moment. 

Yet  such  is  the  nature  of  the  erroneous  induction  which  Ian  no« 
exposing.  For  as,  in  the  example  above  proposed,  the  erectit  i  of  a 
particular  edi6ce  is  perfectly  distinct  from  the  period  of  architec  ire  in 
which  it  may  have  been  raised,  so  is  the  deposition  of  chalk,  r  any 
other  set  of  strata,  from  the  geological  epochs  characterixed  by  ertain 
fossils  to  which  they  may  belong.  , 

It  is  almost  superfluous  to  enter  into  any  farther  analysis  of  the  heory 
of  parallelism,  because  the  whole  force  of  the  argument  depends  )n  the 
accuracy  of  the  data  by  which  the  contemporaneous  or  non-coni  smpo- 
raneous  date  of  the  elevation  of  two  independent  chains  can  be  d  i?mon- 
strated.  In  every  case,  this  evidence,  as  stated  by  M.  de  Beaumont,  is 
equivocal,  because  he  has  not  included  in  the  possible  interval  o  '  time 
between  the  depositions  of  the  deranged  and  the  horizontal  form;itions, 
part  of  the  periods  to  which  each  of  those  classes  of  formations  a-e  ref- 
erable. Even  if  all  the  geological  facts,  therefore,  adduced  by  the  au- 
thor were  true  and  unquestionable,  yet  the  conclusion  that  certain  i^hains 
were  or  were  not  simultaneously  upraised  is  by  no  means  a  legitimate 
consequence. 

In  the  third  volume  of  my  first  edition  of  the  Principles,  which  ap- 
peared in  April,  1833,  I  controverted  the  views  of  M.  de  Beaumont, 
then  just  published,  in  the  same  terms  as  I  have  now  restated  them. 
At  that  time  I  took  for  granted  that  the  chronological  date  of  the  new- 
est rocks  entering  into  the  disturbed  series  of  the  Pyrenees  had  been 
correctly  ascerUiined.  It  now  appears,  however,  that  some  of  the  most 
modem  of  those  disturbed  strata  belong  to  the  nummulitic  formation, 
which  are  regarded  by  the  majority  of  geologists  as  Elocene  or  older 
tertiary,  an  opinion  not  assented  to  by  M.  £.  de  Beaumont,  and  which 
I  cannot  discuss  here  without  being  led  into  too  long  a  digression.* 

Perhaps  a  more  striking  illustration  of  the  difficulties  we  encounter, 
when  we  attempt  to  apply  the  theory  under  consideration  even  to  the 
best  known  European  countries,  is  afforded  by  what  is  called  "  The  Sys- 
tem of  the  Longmynds."  This  small  chain,  situated  in  Shropshire,  is 
the  third  of  the  typical  systems  to  which  M.  E,  de  Beaumont  compares 
other  mounUiin  ranges  corresponding  in  itrike  and  structure.  The  date 
assigned  to  its  upheaval  is  "  after  the  unfossiliferous  grey  wacke,  or  Cam- 
brian strata,  and  before  the  Silurian."  But  Sir  R.  I.  Murchison  had 
shown  in  1838,  in  his  "Silurian  System,"  and  the  British  government 
surveyors,  since  that  time,  in  their  sections  (about  1845),  that  the  Long- 
mynds and  •ther  chains  of  similar  composition  in  North  Wales  are  post' 

k       '  *  SjBt^me  de  Montagne^  1862,  p.  429.  . 
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SUwkiL  In  all  of  tiien  fiMiQiferoaB  beds  of  Che  lower  SUmiaii  Ibmi*- 

(ioD,  or  Llandeilo  flags  are  highly  ioclhied,  and  often  vertical.  In  one 
jbited  ngioo  the  Oaradoc  sandstone,  a  member  of  the  lower  Silurian, 
rests  vncoaformabiy  on  the  denuded  edges  of  the  inferior  (or  Llandeilo) 
toembitr  of  the  same  group ;  whilst  in  some  cases  both  of  these  sets  of 
ttrala  are  upturned.  When,  therefore,  so  rrrave  an  error  is  detected  in 
regard  to  the  age  of  a  typical  chain,  we  an-  ii titled  tri  inquire  with  sur- 
print', hv  what  means  nine  other  paraiiei  cli.ains  in  France,  (iermany, 
and  Swt  1'  n,  assumed  i*)  be  "  ante-Silurian,"  have  been  made  to  agree 
precisely  in  date  with  the  Longroynds  ?  If  they  are  correctly  repre- 
ieotcd  as  haTiDg  been  all  deposited  before  the  deposition  of  the  IKhtriaii 
itnta,  they  caooot  be  ooatemponmeoua  with  the  Longrayndflb  and  they 
only  prove  bow  little  veliaoee  ean  be  plaeed  on  paniUelism  aa  a  teet  oif 
MmUaaeooMMBa  of  opbaavaL  Bat  in  troth  it  ii  impoanble,  for  xeaaoiia 
Amif  given,  to  demonatrate  lihat  eaob  of  (hoae  nine  ohaina  eoincide  in 
^  with  one  anotber,  aoy  more  than  with  the  Longmynds. 

The  reader  will  see  in  the  sequel  (chap.  31*)  that  Mr.  Hoplcins  has 
inferred  from  astronomical  calculations,  that  the  solid  crust  of  the  earth 
wnnot  be  less  than  800  or  1000  miles  thick,  and  may  bo  more.  Even 
il'  it  be  wlid  to  the  depth  of  1 00  miles,  such  a  thickness  would  be  in- 
consistent with  M.  E.  de  Re  iumont's  hypothesis,  which  requires  a  shell 
not  more  than  thirty  miles  thick,  or  even  less.  Mr.  Hopkins  admits 
tiiiU  the  exterior  of  the  planet,  though  solid  as  a  whole,  may  contain 
withio  it  vast  lakes  or  seas  of  lava.  If  so,  the  gradual  fusion  of  rocks, 
aod  the  expansive  power  of  heat  exerted  for  ages,  as  well  as  the  subse- 
quent eontractton  of  the  same  during  slow  refrigeration,  may  perhaps 
•eeonat  for  the  origin  of  mountnn-ehaina,  for  these,  aa  Boloiniea  has 
RBwfced,  are  "&r  lesa  iniportant»  proportionally  speaking,  than  the  tn- 
tqvaliliea  on  the  sorfaee  of  an  ^-sheH,  wfaioh  to  the  eje  appears 
ommUl**  K  "  eentripetal  foroe"  aflfectiog  the  whole  planet  as  it  cools, 
Kerns  a  mightier  eanae  than  b  reqoiied  to  prodnee  wrinklea  of  each 
ieagiifieant  size. 

Iq  pursuing  his  investigations,  M.  £.  de  Beaumont  has  of  late  greatly 

multiplied  the  number  of  successive  periods  of  instantaneous  upheaval, 
admittin::^  at  the  s<ime  lime  thnt  ore Msionally  now  linr-s  of  npthrow  have 
fciken  the  direction  of  older  ones.f  These  adiiiis^ini;s  r<  tidcr  his  >iew8 
much  more  in  harmony  with  tlie  principles  advocated  in  this  work,  but 
Ibey  impair  the  practical  utility  of  parallelism  considered  as  .a  chrono- 
logical test;  for  no  rule  is  laid  down  for  limitmg  the  interval,  whether  in 
tim  or  space,  whieh  may  sejMtnUe  two  parallel  lines  of  upheaval  f4 
diffnot  dates.t 

*  For  page,  see  Index,  "  Hopkins."       f  Art.  Systiroe  de  Motit.apncs  p.  776. 

(M.  £,  de  Beaumont  in  bw  later  ioquiries  (Comptes  rendus,  Sept.  1850,  and 
SjitoM  dea  Moati^fnM)  has  «oid«  to  the  coneliuloa^  that  the  principal  mountain 
WogM,  if  prolonged,  would  infornect  ench  other  at  coriain  nn<;U's,  .-o  ft  to  pnxiuce 
>r^Qiw  geometric  arrangement,  which  be  calla  "a  peotagoiial  network."  This 
miy  liM  heeo  ably  dMouied  and  eontranrted  by  Mr.  Hopkim,  in  his  Anaivcr* 
ntrAddmasFrMMleiitortheOeoLSoe^Feb.  18M. 
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Ampog  the  Tsrioiu  propoaHions  above  laid  down  (p.  164),  it  wOl  ba 
aoen  tbat  the  sudden  oae  of  the  Andes  is  spolcen  of  as  a  modem  event, 
Imt  Mr.  Darwin  lias  brouglit  togelber  ample  data  in  proof  of  tbe  local 

persistency  of  volcanic  actbn  ibroi^hout  a  long  succession  of  geologioiil 
periods,,  beginning  wiib  times  antecedent  to  the  depoeiticm  of  the  oolitse 
and  erataoeona  fwmations  of  Chili,  and  continuing  to  the  bialoiieal 
epoch.  It  appears  that  some  of  the  parallel  ridges  which  compose  the 
Cordillems,  instead  of  beinj;-  rontemporaneous,  were  successively  and 
rIowIv  upheaved  at  widely  clitfrrent  epochs.  The  whole  niiige,  aflor 
t  wice  subsiding  some  thou&ands  of  feet,  was  brought  up  a^ain  by  a  slow 
movement  in  mass,  durinir  the  era  of  the  Eocene  teriiai  y  formations, 
after  which  the  whole  sank  down  once  more  several  hundred  feet,  to  be 
again  uplifted  to  its  present  level  by  a  slow  and  often  interrupted  move' 
ment.*  In  a  portion  of  this  latter  period  tbe  '*Pampean  mod"  was  . 
formed,  in  whieh  the  Megatherinm  mylodon  and  other  eitnict  quadni' 
peda  are  bnried.  Thia  mod  oontabB  in  it  reoent  species  of  shells,  some 
of  them  proper  to  braekish  water,  and  m  believed  by  Mr.  Darwin  to  be 
an  estuary  or  delta  deposit.  M.  A.  d'Orlngny,  however,  has  advanced 
an  hypothesis  referred  to  by  M.  £.  de  Beaumont,  that  the  agitation  and 
displacement  of  the  waters  of  the  ocean,  caused  by  the  elevation  of  the 
Andes,  gave  rise  to  a  delupfc,  of  which  tliis  Pampean  mud,  which  rises 
sometimes  to  tho  height  of  12,000  feet,  is  the  result  and  monument.f 

In  studying  manv  clmins  of  mountains,  we  find  that  the  strike  or  line 
of  outcrop  of  continuous  sets  of  strata,  and  the  general  direction  ot  the 
chain,  may  be  far  from  rectilinear.  Curves  forming  angles  of  20°  or  30® 
may  be  found  in  the  same  range  as  in  the  AUeghauies  ;  just  as  trains 
of  active  volcanoes  and  the  aones  throughout  which  modem  earthquakes 
oeonr  are  often  luM»r,  without  running  in  straight  Imes.  Kor  are  all  of 
these,  though  contemporaaeoua  or  belonging  to  ouir  own  epoch,  by  any 
meana  parallel,  but  some  at  right  angles,  tbe  one  to  the  other. 

Slaw  tcpAMiw/  and  mhstdenet. — Beeent  obeervationa  have  disclosed  ' 
to  us  the  wonderful  fact,  that  not  only  the  west  coast  of  South 
America,  but  also  other  large  areas,  some  of  them  several  thousand 
miles  in  circumference,  such  as  Scandinavia,  and  certain  archipelagoes  in 
the  Pacific,  arc  slowly  and  insensibly  rising  ;  wliilo  other  regions,  such 
as  Greenland,  and  parts  of  the  Pacific  and  Indian  Oceans,  in  which 
atolls  or  circular  coral  islands  abound,  are  as  gradually  sinking.  That 
all  the  existing  continents  and  submarine  abysses  may  have  originated 
in  movements  of  this  kind,  continued  throughout  incalculable  periods  of 
time,  is  undeniable,  and  the  denudation  which  the  dry  land  appears 
everywhere  to  have  anfiered,  favors  the  idea  that  it  was  raised  from 
the  deep  by  a  tuccesdon  of  upward  movements,  prolonged  throoghont 
indefinite  periods.  For  the  action  of  waves  and  eunrento  on  land  slowly 
emetgrng^rom  the  deep,  affords  the  only  power  by  which  we  eaa  oo» 

*  Darwin'B  Qeology  of  Scnth  America,  p.  848.  London,  18Ml 
f  BytttoM  d«  M(Hitagne%  jpu  ^48, 
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ceive  lo  namf  faDcTt  and  wide  Bpaoes  to  ham  bcin  denuded  as 
tbote  whieh  m  nnqiiestionably  the  effects  of  running  water. 

Bat  perhaps  it  may  be  said  that  there  is  no  analogy  between  the  slow 
npheaviiljof  broad  plama  or  table-lands,  and  the 'manner  in  which  we 
must  pr^ume  all  mountain-chains,  with  their  inch'ned  strata,  to  have 
originated.    It  seems,  however,  that  the  Andes  have  been  risins^  cen- 
tury nfur  century,  at  the  rate  of  several  feet,  while  the  Pampas  on  the 
ea<«t  h;ive  been  raised  only  a  few  inches  in  the  same  time.  Crossinjr 
from  the  Atlantic  to  the  Pacific,  in  a  line  passing  through  Mendoza, 
Jlr.  Darwin  traversed  a  plftin  800  miles  broad,  the  eastern  part  of 
vllieh  W  emerged  from  beneath  the  sea  at  a  very  modern  period. 
^  dope  from  the  Atlantio  la  at  fini  very  gentle,  then  greater,  imtil 
^  tiaveller  finda»  en  reaching  Mendon,  that  he  has  gained,  almost  in- 
■ttaUyi  a  height  of  4O0O  feet  The  nwontainous  diatfiet  then  hegbs 
•oddenly,  and  its  breadth  from  Msndosa  to  the  shores  of  die  Facifie  is 
180  miles,  the  average  height  of  Ihe  prindpal  ehain  bebg  from  15,000 
to  16,000  feet,  without  ineluding  some  prominent  peaks,  which  ascend 
noch  higher.    Now  all  we  require,  to  explain  the  origin  of  the  princi- 
pal inequalities  of  level  here  described,  is  to  imagine,  first,  a  sone  of  more 
Solent  movement  to  the  west  of  Mendoza,  and,  secondly,  to  the  east  of 
^'^t  place,  an  upheaving  force,  which  died  away  gradually  ;^  it  ap- 
Pfoachtd  the  Atlantic.    In  short,  we  are  only  called  upon  to  conceive, 
^|wt  the  region  of  the  Andes  was  pushed  up  four  feet  in  the  sani  ■  [le- 
in  which  the  Pampas  near  Mendo/^i  rose  one  foot,  and  the  jiluins 
the  shores  of  the  Atlantic  one  inch,    in  Kurupe  we  have  learnt 
^  the  land  at  the  North  Cape  ascends  about  five  feet  in  a  century, 
fen^  to  the  sooth  the  movemenls  ^mhiish  in  qnantity  Bmt  to  a 
*^  and  ihen,  at  Stochholm,  to  three  inchea  in  a  century,  while  at  ear' 
points  still  forther  sonth  there  is  no  movement, 
^ut  in  ^hat  manner,  it  is  asked,  can  we  acoount  for  the  great  lateral 
pressure  which  has  been  eierted  not  only  m  the  Andes,  Alps,  and  other 
Chains^  but  al  o  on  the  strata  of  many  low  and  nearly  lerel  countries  ? 
^0  not  the  folding  and  fraetore  of  the  beds,  the  anticlinal  and  ^elinal 
.'  S^'s  and  troughs,  as  they  are  called,  and  the  vertical,  and  even  some« 
^Oif'fi        inverted  position  of  the  >>od«,  imply  an  abruptness  and  inten- 
^IJ^  *^  the  disfinhinrr  force  whnllv  iltdcrent  m  kmd  and  enerirv  to  that 
now  rends  tin-  rocks  during  ordinary  earthquakes  ?    I  shall  treat 
^^lly  in  the  h-  quel  fend  of  chap.  32)  of  the  probable  subterranean 
'l^jl*'^,  whether  of  upward  or  downward  movcrneiit,  and  of  great  lateral 
•"^•^I'ti ;  but  it  jnay  be  well  briefly  to  state  in  thia  place  that  in  our 
^  Utnes,  as,  for  example,  in  Chili,  in  1822,  the  Tolcanic  force  has 
^"^^Hae  the  reslstanee,  and  permaDeotly  uplifted  a  eonntry  of  such 
^.^^^  ^^teni  that  the  weight  and  volmne  of  the  Andes  must  be  inaignifi- 

tl 

1^^^  assume  that  any  set  of  strata  with  which  we  are  acquainted  are 
up  of  Bmh  ctAimw9  and  nnyieUing  materially  as  to  be  able  to 


in  compariaon,  ersn  if  we  indulge  the  most  moderate  conjectures  as 
thichieas  of  the  earth's  emit  above  the  ^kanie  foei*^ 
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fcairt  a  pow«r  of  nieh  stapcndooB  energy,  if  its  diredioii,  ivtenl  d 
being  TerUcol,  hsppened  to  be  oUiqiie  or  beniootal,  wouU  be  eztreiDely 
isah.  Bat  if  they  ooufcl  yield  to  a  sidewA?  thrust,  even  in  a  riight  de- 
gree, they  woald  become  squeezed  and  folded  to  any  amount  if  sub- 
jected for  a  sufficient  number  of  times  to  the  repeated  action  of  the 
Fame  force.  We  can  scarcely  douht  thM  n  mass  of  rock  several  miles 
thick- wa^  iipliftr-d  in  C\n]\  in  iumI  1835,  and  that  n  murh  greater 

volume  01  ^olid  matter  is  upheaved  wherevpr  tlit  ri-e  of  the  l;in<!  is  vc?y 
gradual,  as  in  Scandinavia,  the  dcvulopincnL  of  lieat  being  probably,  in 
thai  region,  at  a  greater  distance  from  ibc  surface.  If  continents, 
rocltcd,  shalf^en,  and  fissured,  like  the  western  region  of  South  America, 
ur  very  gently  elevated,  like  Kovway  and  Sweden,  do  not  aeqnire  m  a 
few  days  or  boms  an  additional  heigbt  of  several  tbovNwd  fieet*  tbii 
can  arise  from  no  lack  of  mecbanieal  foree  in  the  snbterraaeaii  aoviag 
caoo^  bat  simply  beoanae  the  antagonist  power,  or  the  strength,  toogb- 
fiess,  and  density  of  the  earth's  crust  is  insuffieient  to  resist,  so  long,  as 
to  allow  the  volcanio  eneigy  an  indefinite  time  to  aeevmalate.  Instead 
of  the  explosive  charge  augmeating  m  quantity  for  countless  ages,  it 
finds  relief  continuously,  or  bv  a  siiecesston  of  shocks  of  moderate  vio- 
lence, so  as  never  to  bu!>;t  or  Mow  up  the  covering  of  inciinibent  rock 
in  nne  rjrand  paroxysmal  convulsion.  Even  in  its  most  energetic  eflorts 
it  displays  an  intenuitient  and  mitit^ated  intensity,  being  never  permit- 
ted to  lay  a  whole  continent  in  ruins.  Hence  the  numerous  eruptions 
of  lava  from  the  same  vent,  or  chain  of  vents,  and  the  recurrence  of 
bimiUr  earthquake  for  thoussads  of  years  along  certain  areas  or  zones 
of  eonntry.  Heooe  the  nrnneroiis  monomento  of  the  sneeeisive  ejeetioa 
and  injection  of  melted  matter  in  aaoient  geological  epochs,  and  tiie  fis- 
sarss  formed  m  diaCmet  ages,  and  often  wkiened  and  filled  at  differ- 
ent erss. 

Among  the  canaes  of  lateral  prennre^  the  expansion  by  heat  of  largo 
maaaes  of  solid  stone  intervening  between  others  which  have  a  diffisrsfot 
d^ree  of  expansibility,  or  which  happen  not  to  have  their  temperature 
raised  at  the  same  time,  may  play  an  important  part.  But  as  we  know 
that  rocks  have  so  often  sunk  down  thousands  of  fp'^t  bi  low  their  oH'.^'-i- 
nal  level,  we  can  hardly  doubt  that  much  of  the  bendmg  of  pli;mt 
strata,  and  the  packing  of  the  same  into  smaller  spaces,  has  frequently 
been  occasioned  by  subsidence.  Whether  the  failure  of  support  be 
produced  by  the  melting  of  porous  rocks,  which,  when  fluid,  and  sub- 
jected to  great  pressure,  may  occupy  lees  room  than  before,  or  which, 
by  pssstng  from  a  pasty  to  a  crystallme  eooditton,  may,  as  in  the  eaae 
of  gramte,  aeoording  to  the  CKperimento  of  Deville,  sailer  a  contraction 
of  10  per  cent,  or  whether  the  smkii^  be  doe  to  the  sabtrsetaoQ  of 
lava  driven  eheirherB  to  some  volcanic  orifice,  and  there  foraed  oat- 
wards,  or  whether  it  be  braoght  on  by  the  shrinking  of  sofid  and  atonj 
ro asses  durmg  reft^perstioo,  or  by  the  condensation  of  gasea^  or  au^ 
other  imaginable  cause,  we  have  no  reason  to  incline  to  the  idea  that 
the  eoaaeqvent  geological  changes  are  bronght  about  ao  sadden^,  m 
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tkat  luffid  jNirto  of  oontiDeiiU  ara  iwallowod  vp  at  oooe  k  mifayiORialile 
•iibUniiMia  abymes.  If  eatitiM  be  fonned,  tbey  will  be  enlaiged 
giaduUy,  and  aa  gndvally  611ed.  We  read,  iadeed,  aeooaato  of  e»- 
gulphed  dfm  and  areaa  of  limited  extent  w bioh  have  sunk  dofwa  man/ 
yaiib atoaee;  bat  we  hare  as  yet  no  aothenlio  reeoids  of  the  enddmi 
disappearaoce  of  mountains,  or  the  snbieigenoe  or  emeigence  of  great 
islands.   On  the  other  hand,  the  creeps  in  coal  mines*  demonstrate 
that  gravitation  begins  to  act  as  soon  as  a  moderate  quantity  of  matter 
IS  removed  even  at  a  great  depth.    The  roof  sinks  in,  or  'he  tioor  of  the 
ttine  rises,  and  the  bent  strata  often  assume  as  regularly  a  curved  and 
crumpled  arrangement  as  that  observed  on  i  gninder  scale  in  moun- 
taio-tbains.    The  absence,  indeed,  of  chaotic  disorder,  and  the  regu- 
ianty  of  the  plications  in  geological  formations  of  high  antiquity,  al> 
thoi^h  not  unfreqaeatly  adduced  to  prove  the  unity  and  instantaneouB- 
acBflf  (he  dittuibiag  fcxte,  might  with  bur  greater  propriety  be  brooght 
^mfdai an  aignoMat  infftvor  of  the  snoeefleiTe  application  of  tone 
^"■Mile  bat  modented  foree»  aoeh  aa  that  whioh  can  elevate  or  de- 
pVMaeontinent. 

In  cooclosioD,  I  may  obaerre  that  one  of  the  aoimdett  objections  to 
the  theory  of  the  taddeo  upthrow  or  downthrow  of  mountain-chains  ia 
^tiis,  that  it  prondes  ns  with  too  much  force  of  one  kind,  namely,  that 
subterranean  movement,  while  it  deprives  us  of  another  kind  of  me- 
chanical force,  namely,  that  exerted  by  the  waves  and  currents  of  the 
^  ocean,  which  the  geologist  requires  for  the  denudation  of  land  during  its 
upheaval  or  depression.    It  may  be  safely  affirmed  that  the  quan- 
^tjof  igneous  and  aqueous  action, — of  volcanic  eruption  and  denuda- 
**'»*"~of  subterranean  movement  and  sedimentary  deposition, — not 
^7  of  past  ages,  but  of  one  geological  epoch,  or  even  the  fraction  of 
^  ^P^b«  has  exceeded  immeasurably  all  the  fluctuations  of  the  inor • 
8w  World  wfaieh  have  been  witneMed  by  man.  But  we  have  attU  to 
whether  the  time  to  whieh  eaeh  chapter  or  page  or  paragraph 
^«  ettiih*a  antdbiography  rdatea,  waa  not  eqn^y  immense  when 
^''"tr^ted  with  a  brief  era  of  8000  or  6000  yean.  The  real  point  oa 
^  '"^  the  whole  controversy  tons,  ■  the  relative  amount  of  work  done 
J  ^^'chaoical  force  in  given  quantiUes  of  time,  past  and  present.  Be- 

determine  the  relative  intensity  of  the  force  employed,  we 
aii<it  . 

.    'iJive  some  fixed  sUmdard  by  which  to  measure  the  timo  expended 
d«^-(.lQpp^pnt  r^l  l^f/Q  distinct  periods.    It  is  not  the  magnitude  of 
^  effects,  howevor  gigantic  their  proportions,  which  can  inform  us  in 
f^*8Utest  degree  whether  the  operation  was  sudden  or  gradual,  in- 


IT^*'*  or  paroxysmal.    It  must  be  shown  that  a  slow  process  could 
rp/"      any  series  of  ages  give  rise  to  the  same  results. 

advocate  of  paroxysmal  energy  might  assume  a  uniform  and 
'^te  of  variaiion  ra  times  past  and  present  for  the  animate  worM, 
^  to  say,  for  the  dying-ont  and  coauag^  of  apeaiei,  and  then  en- 
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deavor  to  prava  tliat  the  changes  of  the  iiiaomiate  world  have  not  gone 
on  imaeorreepondlng  ratio.   But  the  adoption  of  such  a  ataodard  of 

eomparison  would  lead,  I  suspect,  to  a  theory  by  no  meant  favomble  to 
the  priatine  intensity  of  natnnd  causes.  That  the  present  q^te  of  the 
Qiganie  world  Is  not  atationary,  can  be  Curly  inferred  from  the  fact,  that 

some  species  are  known  to  have  become  extinct  in  the  course  even  of 
the  last  three  centuries,  and  tint  the  extt^rminatin^:'  causes  always  in 
activity,  both  on  the  hmd  and  in  the  wnt^T';,  rsri  \.  ry  numerous;  also, 
b'TfXTise  man  himself  is  an  extremely  ni(Hiern  creation  ;  and  we  may 
then  tore  reasonably  suppose  that  some  of  tlie  mammalia  now  euntem- 
porary  with  man,  as  well  as  a  variety  of  species  of  inferior  classes,  may 
have  been  recently  introduced  into  the  eartli,  to  supply  the  places  of 
nlanti  and  animals  which  have  from  time  to  time  ^sappeared.  But 
granting  that  8ome  such  secular  variation  in  the  loological  and  botani- 
cal worids  is  going  on,  and  is  bj  no  means  wHolly  inappreciable  to  the 
naturalist^  still  it  is  certainlj  far  less  manifest  than  the  revolution  always 
in  progress  in  the  inorganic  world.  Every  year  some  volcanic  eruptions 
take  place,  and  a  rude  estimate  might  be  Uksde  of  the  number  of  cubic 
feet  of  lava  and  scoris  poured  or  cast  out  of  various  craters.  The 
amount  of  mud  and  sand  deposited  in  deltas,  and  the  advance  of  new 
land  upon  the  sea,  or  the  annual  retreat  of  wasting  sea-cliffs,  are  changes 
the  mit'imum  amount  of  wliich  might  h'^  roughly  estimated.  The  quar!- 
tity  of  land  raised  above  or  depressed  below  tlv^  If'vel  of  the  sea  might 
also  be  computed,  and  the  change  arising  from  such  movements  in  a 
century  might  be  conjectured.  Suppasc  the  average  rise  of  the  land  in 
some  parts  of  Scandinavia  Lu  be  as  much  as  live  feet  in  a  hundred  years, 
the  present  sea-coast  might  be  uplifted  700  feet  in  fourteen  thousand 
years ;  but  we  should  have  no  reason  to  anticipate,  from  any  soological 
data  hitherto  acquired,  that  the  molluscous  &una  of  the  northern  sees 
would  in  that  lapse  of  years  undergo  any  sensible  amount  of  variation. 
We  discover  aea-beaches  in  Norway  700  feet  high,  in  which  the  ahells 
are  identical  with  those  now  inhabiting  the  Oerman  Ocean  ;  for  the  rise 
of  land  in  Scandinavia*  however  insensible  to  the  inhabitants,  haa  evi* 
dently  been  rapid  when  compared  to  the  rate  6f  contemporaneous  change 
in  the  testaceous  fauna  of  the  German  Ocean.  Were  we  to  wait  there- 
fore until  the  mollusca  shall  have  undergone  as  much  fluctuation  as 
they  underwent  between  the  period  of  the  Lias  and  the  Up()er  Oolite 
formations,  or  bt  tween  the  Oolite  and  Cbalk.  nay,  even  between  anyr  -^^ 
two  of  eight  subdivisions  of  the  Eomir  series,  what  stupendous  revolu- 
tions in  physical  gi  ogiaphy  ought  we  not  to  expect,  and  how  many, 
mou!itaiii-cliiuns  might  not  be  produced  by  the  repetition  of  shocks  of: 
mitderate  violence,  or  by  movements  not  even  jh  rceptible  by  mau  t 

Or,  if  we  turn  from  the  mollusca  to  the  vr  g^ table  kingdom,  and  fdC' 
the  botanist  how  many  earthquakes  and  volcanic  eruptions  might  lir 
eipected,  and  how  much  the  relative  level  of  land  and  eea  might  be 
aKered*  or  how  far  the  principal  deltas  will  encroach  upon  the 
or  the  searcliflfs  recede  from  the  present  shores,  before  the  speoiea^ 
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Snropeui  forest-trew  will  cUe  out,  he  would  reply  that  such  alteratuuii 
in  Uw  inaiuniate  world  might  he  nmltiplied  indefinitely  before  he  ehoiild 
hne  mnmi  to  anticipate^  by  reference  to  any  known  data,  that  the  ex- 
■la^  speqpt  of  trees  in  onr  fcmts  would  disappear  and  g^ve  plaee  to 
otlien.  In  a  word,  the  movement  of  the  inorganic  world  is  obvious  and 
palpable,  and  might  be  likened  to  the  minute-hand  of  a  clock,  the  pro- 
gress of  which  can  be  seen  and  heard,  whereas  the  fluctuations  of  the 
living  creation  are  nearly  invisible,  nnd  rosemble  tbe  motion  of  the  hour- 
band  of  a  timepiece.  It  i-.  by  watching  it  attentively  for  some 
tinte,  and  comparing  its  relative  position  after  an  intenral,  that  we  can 
provi^  iiie  reality  of  its  motion.*  ' 


CHAPTER  XLL 


•  nmBEBXrCB  IH  TBZTUBS  OF  THB  OLDBK  AKD  HBWSB  ROOUk 

^'"''oliclatiaa  of  fbsailiferoiu  strata — Smiw  deposits  originnlly  solid — Transiikm 
s>laty  texture — Crystalline  character  of  Plutonic  and  Mefaniorphic  rook?; — • 
Theory  of  their  orii,'in — E.-««fntiulty  !*ubtrrraneaa — No  proo£>  that  tbej  wera 
f^doced  tuure  abuaUaatly  at  remote  p^riuila. 

^  AxoiiitR  argument  in  favor  of  the  dissimilarity  of  the  causes  opera- 
™K*t  remote  and  recent  eras  hiis  been  derived  by  many  geologists  from 
^'•Wore  compact,  stony,  and  crystalline  texture  of  the  older  as  com- 
P*"*  with  the  newer  rocks. 

nf  Hrata, — ^Ihis  snbjeet  may  he  considered,  first  in 
to  the  fossOiferons  stiata;  and,  secondly,  in  refeienoe  to 
cryttaSkie  and  stratified  rocks  which  contain  no  oi^ganb  remnns^ 
"uch  ^3  ggeiag      jntca-schist   There  can  be  no  doubt  that  the  former 
^  these  classes,  or  the  fossiliferoos,  are  generally  more  compact  and 
stony  in  proportion  as  they  are  more  ancient.    It  is  also  certain  that  a 
part  of  thera  wwe  originally  in  a  soft  and  incoherent  state,  and 
they  have  been  since  consolidated.    Thus  we  find  occasionally 
^hingle  and  sand  liave  })een  aini-i^rlutinHted  firmly  too^ethcr  by  a  fer- 
^g'noug  Qj.  silifpous  cement,  or  that  Iimu   in  '^ohjfion  has  been  intro- 
So  as  to  bind  together  materials  previously  incoherent.  Organio 
'*'''**'i3  liave  sometimes  suffered  a  singular  transformuLion,  as  lor  ex- 

the  Antbor's  Anniversary  Address,  Quart  Joum.  Oeol.  Soc.  1860,  vol. 
^      fl«tt  which  nms  of  the  aWd  pssisgM  ira  extrsetad. 


176 


DiSSSBSVGB  IK  TKXTUSB  OF 


pie,  where  shells,  corals,  and  wood  are  bilicified,  tbeir  calcareous  oi 
Vgudtnm  natter  baving  been  replaced  by  nearly  piue  afliea.  The  eoo- 
ttitneots  of  some  beds  bare  probably  set  and  becoote  bard  for  the  first 
time  when  they  emerged  froAi  beoeatb  the  water. 

BvK  on  the  other  hand,  we  obeerve  »  oertain  lormations  now  m  pro* 
gress,  partieidariy  in  coral  ntb^  and  in  deposits  from  the  waters  of 
mineral  spring8»  both  ealeareons  and  siliceous,  that  the  teitore  of  rooha 
may  somelimea  be  atony  from  the  first.  This  circumstance  may  ac- 
count for  exceptions  to  the  geneml  rule,  not  unfrequently  met  with, 
wh'  rp  solid  straUi  are  guperimposed  on  others  of  ii  plastic  and  incohe- 
rent nature,  as  in  the  neighborhood  of  Paris,  where  th<^  tertiary  forma- 
tions, consisting  often  of  compact  limestone  and  siliceoub  gnt,  are  mor** 
stony  than  the  subjacent  chalk. 

It  will  reiidily  he  understood,  that  the  various  solidiiying  causes,  in- 
clu^Ung  those  above  enumerated,  together  with  the  pressure  of  incum- 
bent rocks  and  the  influenee.  of  subterranean  heat*  must  all  of  them 
require  tune  in  order  to  exert  their  full  power.  If  in  the  conrseof  ages 
th^  modify  the  aspeot  and  internal  structure  of  stratified  depoaile,  they 
will  give  rise  to  a  general  distinctness  of  character  in  the  older  aa  ooo- 
trasted  with  Ihe  newer  formations.  But  this  distinctness  will  not  be 
the'eoosequence  of  any  original  diversity  ;  they  will  be  unlike,  juat  as 
the  wood  in  the  older  trees  of  a  forest  usually  differs  in  texture  and 
hardness  from  that  of  younger  individuals  of  the  same  species. 

Transition  texture. — In  the.  original  classification  of  Werner,  the 
highly  crystalline  rocks,  such  as  granite  and  giuiss,  which  contain  no 
organic  remains,  were  called  primary,  and  tlie  fossiliferous  strata  sec- 
ondary, while  to  another  cla&s  of  an  agu  intermediate  between  the 
primary  and  secondary  be  gave  the  name  of  transition.    They  were 
termed  transition  because  they  partook  in  some  degree  in  their  mineral 
composition  of  the  nature  of  the  most  ciystalline  rocka»  such  aa  gneisa 
and  mica-schist,  while  they  resembled  the  fossitiferons  series  in  contain* 
ing  occfMonally  (»gamc  remains,  and  exhibiting  evident  signs  of  a  me- 
cbanical  origin.   It  was  at  first  imagined,  that  the  rocks  having  thia  in- 
termediate texture  had  been  all  deposited  subsequently  to  aeriea 
called  primary,  and  before  all  the  more  earthy  and  fossiliferous  forniar 
tions.    Put  when  the  relative  position  and  organic  remains  of  these 
transition  rocks  were  better  understood,  it  was  perceived  that  they  did 
not  all  belong  to  one  period.    On  the  contrary,  the  same  mincml  char- 
acters were  found  in  strata  of  very  ditferent  ages,  and  some  formations 
occurring  in  the  Alps,  which  several  of  the  ablest  schokirs  of  Werner 
had  determined  to  be  trsnsilion,  were  ultimately  ascertained*  by  means 
of  their  foaal  contents  and  position,  to  be  members  of  the  Cretaceoua, 
and  even  of  the  anrnmufitie  or  Eooene  period.  These  strata  had,  in 
fact,  acquired  the  trwmtUm  texture  from  the  influence  of  cansea  which, 
since  their  deposition,  bad  modified  their  internal  arrangement. 

T^ture  and  oru^n  of  PluUmie  and  metamorphic  rocks. — Amon^  the 
moat  singular  of  tiie  changes  superinduced  on  rocks,  we  have  occaaioii- 
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•Dj  to  belndd  the  alaty  tezkure,  the  divislooal  plann  of  wbioh  wmie* 
Imct  inteneet  the  tme  phnes  of  stnUifioatioii,  mmI  even  peas  directlj 
thnragh  imbedded  fossQs.  IS,  then,  the  crystaUine,  the  slaty,  and  other 
modes  of  arrangement,  once  deemed  characteristb  of  certain  periods  in 
tbe  history  of  the  earth,  have  in  reality  been  assumed  hy  fossiliferous 
rocb  of  diffisRiit  ages  and  at  different  times*  we  are  pre^Muned  to  inquire 
whether  the  same  may  not  be  true  of  the  most  highly  crystalline  state, 
tnch  as  that  of  gneiss,  mica-schist,  and.  statuan,'  marble.  That  the 
peculiar  characteristics  of  such  rocks  are  really  due  to  a  variety  of  modi- 
fying causes  has  long  been  suspected  by  many  G^eolo<^ists,  and  the 
doctrine  has  Lfaincd  ground  of  late,  although  a  cMjiisiderable  difference 
of  opinion  siiil  prevails.  According  to  the  original  Neptunian  theory, 
ail  ibe  crystalline  formations  were  precipitated  from  a  universal  men- 
struum or  chaotic  fluid  antecedently  to  the  creation  of  animals  and 
plaats,  the  nnstntified  granite  having  been  first  thrown  down  so  aa  to 
lene  aa  a  floor  or  foundation  on  which  gneiss  and  other  atratified 
rocb  might  lepoae.  Aftorwarda,  when  the  igneona  origin  of  granito 
was  no  longer  disputed,  manj  ooneeived  that  a  thermal  ocean  envel- 
oped the  globe,  at  a  time  when  the  first-fonned  crust  of  granite  was 
cooling,  but  when  it  still  retained  much  of  its  heat  The  hot  waters 
of  this  ocean  held  in  solution  the  ingredients  of  gneiss,  mieaHHshist, 
hornblende-schist,  clay-slate,  and  marble,  rocks  which  were  precipi- 
iitwi,  one  after  the  other,  in  a  crystalline  form.  No  fossils  could  be 
in(;k)sed  in  them,  the  high  temperature  of  the  fluid  and  the  quantity  of 
min^^ral  matter  which  it  held  in  solution,  rendering  it  unfit  for  the  sup^ 
port  of  organic  beings. 

It  would  be  inconsistent  with  the  plan  of  this  work  to  enter  here  into 
adel;iiled  account  of  wliat  1  have  elsewhere  termed  the  melamorphic 
Umry  i*  but  I  may  state  that  it  is  now  demonstrable  in  some  countries 
(hst  foBBiliferoua  formations,  some  of  them  of  the  ^  of  the  Silurian 
Ma,  as  near  Cbfiatiana  in  Norway,  others  belonging  to  the  Oolitic 
period,  as  around  Camra  in  Italy,  have  been  converted  partially  into 
gaeifls,  niea-sehist,  and  statuary  marble.  The  traaamutatioii  has  been 
efteted  apparsntly  by  the  influence  of  aubterraiieaa  heat,  acting  under 
great  pressure,  or  by  chemical  and  electrical  cauaea  operating  in  a  man- 
oerootyet  understood,  and  which  have  been  t/srmitd  Plutonic  action, 
as  eipressing,  in  one  word,  all  the  modifying  causes  which  may  be 
brought  into  play  at  great  depths,  and  under  conditions  never  exempli- 
fied at  the  surface.  To  this  Plutonic  action  the  fusion  of  granite  itself 
in  the  l)owels  of  the  earth,  as  well  as  the  superinduceraent  of  the  meta- 
morphic  texture  into  sedimentary  strata,  must  be  attributed  ;  and  in 
accordance  with  these  views  the  age  of  each  metamorphic  furiiialion 
may  be  said  to  be  twofold,  for  we  have  fir^t  to  consider  the  period 
when  it  ongioated,  as  an  aqueous  deposit,  in  the  form  of  mud,  sand, 
haiestone ;  secondly,  the  date  at  which  it  acquired  a  crystalliiie 


*  See  I^eD**  MmmuI  of  Bmantaty  Geology. 

IS 


uy  Google 


lis  BYPOOEKB  TEXXUBI.  [Co. XU 

texture.  The  same  stnitn,  therefor**,  may,  accordincr  to  this  view, 
be  very  ancicuL  iu  reference  to  the  time  of  their  depo>>iiion,  and  very 
modern  in  regard  to  the  period  of  their  assuming  the  mctamorphic 
Aharacter. 

JVb  proo/g  UuU  ihm  crystallint  roei§  item  produced  more  mbmmdawHf 
tti  remote  periode, — Several  modern  writere»  wiUumt  denying  the  trnth 
of  the  Plutonic  or  metamorphie  theoty,  still  contend  that  the  crystalline 
and  non-fo88iliferot»  formations,  whether  stratified  or  unstratified,  sneh 
as  gneiss  and  granite,  are  essentiall j  ancient  as  a  class  of  rocks.  Thcj 
were  generated,  say  they,  motft  'abundantly  in  the  primera]  state  of 
the  globe,  Nnoe  which  time  the  quantity  produced  Ins  been  always  on 
the  decrease,  until  it  became  very  inconsiderable  in  the  Oolitic  and  Cre* 
taceous  periods,  and  quite  evanescent  before  the  commencement  of  the 
tertiar)'  epoch. 

Now  the  justness  of  these  views  depends  almost  entirely  on  the  qoes* 
tion  whether  r^ranite,  gneiss,  and  other  rocks  of  the  same  order  ever 
originated  at  the  surface,  or  whether,  accordinj^  to  tlie  opinions  above 
adopted,  they  are  essentially  'inlit'-rranean  in  their  oriLjin,  and  therefore 
entitled  to  the  appellation  of  hyp'r.i' nr.  If  they  vveie  I'  lm  1  super- 
ficially in  their  present  state,  and  as  copiously  in  the  modern  as  in  the 
more  ancient  ])en<tds,  we  ought  to  see  a  greater  abundance  of  tertiary 
and  secondan  than  of  jiriinary  granit<'  ami  gneiss  ;  but  if  we  adopt  the 
hypogenc  theory  before  explained,  their  rapid  diminution  in  volume 
among  the  vi&ible  rocks  in  the  earth's  crust  in  proportion  as  we  inve^ti- 
gate  the  formations  of  newer  date,  is  quite  intelligible.  If  a  melted 
mass  of  matter  be.  now  cooling  very  bluwly  at  the  depth  of  aeveral 
miles  beneath  the  crater  of  an  active  volcano,  it  must  remain  invisible 
until  great  revolutions  in  the  earth's  crust  have  been  brought  abouC 
So  also  if  stratified  rocks  have  been  subjected  to  Plutonic  siction,  and 
after  having  been  baked  or  reduced  to  semi-fusion,  are  now  oooling  and 
crystallizbg  far  under  ground,  it  will  probably  require  the  lapea  ol 
many  periods  before  they  will  be  forced  up  to  the  surface  and  exposed 
to  view,  even  at  a  single  point.  To  effect  this  purpose  there  may  be 
need  of  as  great  a  development  of  subterranean  movement  as  that  which 
in  the  Alps,'  Andes,  and  Himalaya  has  raised  marine  strata  containing 
ammonites  to  the  height  of  8000,  14,000,  and  16,000  feet.  By  parity 
of  reasoning  we  can  hardly  expect  that  anv  hypogene  rock?^  of  the 
tertiary  prri'Mls  will  have  U-en  l)rought  within  the  reach  of  hutnan 
o!)servation,  beeiag  that  the  emergence  of  such  rocks  must  always?  l  -  -  > 
long  posterior  to  the  date  of  their  origin,  and  still  less  can  fonnaiioii?, 
•  of  this  class  bt'<  oiue  generally  visible  until  so  much  time  has  elapsed  as 

to  confer  on  thrm  a  high  relative  aniiquity.   Extensive  dc-nudaiion  uiust 
.  also  combine  with  upheaval  before  they  can  be  displayed  at  iht  surface 
throughout  wide  areas. 

All  geologists  wjio  reflect  on  subterranean  movements  now  going  on, 
and  the  eruptions  of  active  volcanoes,  are  convinced  that  great  changes 
are  now  continually  in  progress  in  the  interior  of  ihe  earth's  cruet  for  out 
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of  u<rht.'  They  must  be  conscious,  therefore,  that  the  inacccssibHity  of 
iherej^ions  in  which  these  alterations  are  taking  place,  compels  them  to 
RauHn  in  ignorance  of  a  great  part  of  the  woriung  of  existing  causes,  so 
Hot  they  tan  only  form  vague  oonjectures  in  r^ard  to  the  nature  of  the 
produete  wMeh  volcanic  h«at  may  elaborate  under  great  pressure. 

But  when  they  find  in  mountain^chains  of  high  antiquity,  that  vhat 
mioaee  the  interior  of  the  earth's  cmst  has  ainoe  been  foreed  outwards 
aod  eipoeed  to  view,  they  will  natonlly  eipeet  in  tl^e  eiambation  of 
tfwse  moontainoua  regicnu,  to  have  an  opportonity  of  gratifymg  their 
Mniority  by  obtaining  a  sight  not  only  of  the  super6cial  strata  of  remote 
oiit  but  also  of  the'  contemporaneous  nether-formed  rocks.  Having 
feeogpiied,  therefore,  in  such  mountain-chains  some  ancient  rocks  of 
MpKosB  aod  volcanic  origin,  correspondii^  in  character  to  superficial 
formations  of  modem  date^  they  will  regard  any  other  class  of  ancient 
rocks,  such  as  granite  and  gneiss,  as  the  rmdual  phenomena  of  which 
they  are  in  search.  These  latter  rocks  will  not  answer  the  expectations 
previou'^h*  formed  of  their  probable  nature  and  texture,  unless  thev  wp.ir 
4  forcii^m  and  mysterious  aspect,  and  have  in  some  places  been  fused  or 
alkred  by  subterranean  heat ;  in  a  word,  unless  they  differ  wholly  from 
the  fossiliferous  stnita  deposited  at  the  surface,  or  from  the  lava  pnd 
fieoriie  thrown  out  by  volcanoes  in  the  open  air.  It  is  the  total  distinct- 
oess,  therefore,  of  cr^stailine  formations,  such  as  granite,  homblende- 
sehist^  and  the  rest,  from  every  substance  of  which  the  origin  is  familiar 
to  tts,  that  constitutes  thdr  claim  to  be  regarded  as  the  effects  of  causes 
BOW  in  action  in  the  subtemoiean  regbns.  They  belong  not  to  an  order 
cf  thbga  whieh  has  passed  away ;  they  are  not  the  mtmnments  of  a 
pnoeval  peiiod,  bearing  inscribed  upon  them  in  obsolete  charaeteni  the 
voids  and  phrases  of  a  deed  language ;  bnt  they  teach  ns  that  part  of 
Ike  Bring  language  of  nature,  which  we  eannot  learn  hy  onr  daDy  Intei^ 
MBie  wkh  what  paaaes  on  the  habitable  aorfiMft. 
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Supposed  alternate  periods  of  repose  ai^  ^&order-^bi«iTed  fiicta  in  vludi  iUa 
doBHrinc  bM  otisbatod'<^TheM  imy  be  cacplaiiMMl  bj  anpponnig  »  miilbnn  waA 
itiuot«mipted  leriea  of  ohai^ea— Ttoeefold  consideratioD  of  this  subject ;  fira^m 
reference  to  the  Hying  creatioo,  extinction  of  species,  and  origin  of  new  animals 
and  plants ;  aeoondlj,  in  reference  to  the  changes  produced  in  the  earth's  crust  bf 
the  continuanceof  anbtenmnean  moTements  in  eerteiB  nma^nd  thalHwaifcwnw 
after  long  periods  to  new  areee ;  tUrdly,  in  reference  to  Ae  lewe  vhidigorem 
the  formation  of  fossiliferous  strata,  and  the  Bhifting  of  the  areas  of  sedimentary 
deposition — On  the  combined  influenoo  uf  all  these  modes  and  causes  of  change 
In  producing  breaks  and  chasms  in  the  chain  of  records — Concluding  remarks 
on  the  identity  of  the  anctwit  and  preient  system  of  teneitriat  diangea. 

Or^fin  <f  the  doetrme  tfaUemata  periotU  cf  rtpote  ami  ditortUr, — It 
bis  bera  truly  observed,  that  when  we  airange  the  fossiliferous  forma- 
tions in  chroDoIogioal  otder,  they  constitnte  a  broken  and  defectire  series 
of  moBuments :  we  pass  withont  any  intennediate  gradations,  from  sys- 
tems of  strata  which  are  horizontal  to  other  systems  which  ^re  highly 
inclined,  from  roclis  of  peculiar  mineral  composition  to  others  which  have 
a  character  wholly  distinct, — from  one  assemblage  of  organic  remains  to 
another,  in  which  frequently  all  the  speries,  and  most  of  the  genera,  are 
diflerent.  These  violations  of  continuity  are  so  common,  as  to  constitute 
the  rule  rnfhf'r  than  the  exception,  and  they  have  been  considered  by 
many  geologists  as  conclusive  in  favor  of  sudden  revolutions  in  the  inani- 
mate and  animate  world.  According  to  the  speculations  ot  some  writers, 
there  have  b^cn  in  the  past  history  of  the  planet  alternate  periods  of 
trunquiiiity  and  convvilsion,  the  former  enduring  forages,  and  resembling 
that  state  of  things  now  experienced  by  man :  the  other  brief,  transient, 
and  paroxysmal,  giving  rise  to  new  mountains,  seas,  and  Talleys,  annihi- 
lating one  set  of  organic  beings,  and  ushering  in  the  creaUon  of  another. 

It  will  be  the  object  of  the  presoit  chapter  to  demonstrate,  that  these 
theoretics]  views  are  not  home  out  by  a  fair  interpretation  of  geological 
monuments.  It  Is  true  that  in  the  solid  framewoik  of  the  globe,  we 
bare  a  chronologicsl  chain  of  natnnd  records,  and  that  msny  linka  to  this 
chain  arc  wanting:  but  a  careful  consideration  of  all  the  phenomena 
will  lead  to  the  opinion  that  the  scries  was  origbally  defective, — ^that  H 
has  been  rendered  still  more  so  by  time — that  a  great  part  of  what  re- 
mains is  inaccessible  to  man,  and  even  of  that  fraction  which  is  accessible, 
nine-tenths  are  to  this  day  unexplored. 

Hoto  the  facts  may  be  explained  hy  assuming  a  ttnifarm  series  of 
changes, — ^Xhe  readiest  way,  perhaps,  of  persuading  the  reader  tl^at  we 
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may  dispense  with  great  and  sudden  revolutions  in  the  geological  order 
I  of  events,  is  by  showing  him  how  a  regular  and  uninterrupted  series  of 
changes  in  the  animate  and  inanimate  world  may  give  rise  to  such  breaks 
in  the  sequence,  and  such  unconformability  of  stratified  rocks,  as  are 
osoally  thought  to  imply  convulsions  and  catastrophes.  It  is  scarcely 
necessary  to  state,  that  the  order  of  events  thus  assumed  to  occur,  for 
the  sake  of  illustration,  must  be  in  harmony  with  all  the  conclusions 
legitimately  drawn  by  geologists  from  the  structure  of  the  earth,  and 
must  be  equally  in  accordance  with  the  changes  observed  by  man  to  be 
now  going  on  in  the  living  as  well  as  in  the  inorganic  creation.  It  may 
be  necessary  in  the  present  stata  of  science  to  supply  some  part  of  the 
assumed  course  of  nature  hypothetically ;  but  4  so,  this  must  be  done 
without  any  violation  of  probability,  and  always  consistently  with  the 
analogy  of  what  is  known  both  of  the  past  and  present  economy  of  our 
system.  Although  the  discussion  of  so  comprehensive  a  subject  must 
carry  the  beginner  far  beyond  his  depth,  it  will  also,  it  is  hoped,  stimu- 
late his  curiosity,  and  prepare  him  to  read  some  elementary  treatises  oi> 
geology  with  advantage,  and  teach  him  the  bearing  on  that  science  of 
the  changes  now  in  progress  on  the  earth.  At  the  same  time  it  may 
enable  him  the  better  to  understand  the  intimate  connection  between 
the  second  and  third  books  of  this  work,  the  former  of  which  is  occupied 
*ilh  the  changes  in  the  inorganic,  the  latter  with  those  of  the  organic 
creation. 

In  pursuance,  then,  of  the  plan  above  proposed,  I  shall  consider  in 
Ihis  chapter,  first,  what  may  be  the  course  of  fluctuation  in  the  animate 
world;  secondly,  the  mode  in  which  contemporaneous  subterranean 
movements  affect  the  earth's  crust ;  and,  thirdly,  the  laws  which  regu- 
late the  deposition  of  sediment. 

UNIFORMITT  OP  CHANOB  CONSIDERED  FIRST  IN  REFERENCE  TO  THB 

LIVING  CREATION. 

First,  in  regard  to  the  vicissitudes  of  the  living  creation,  all  are  agreed 
that  the  sedimentary  strata  found  in  the  earth's  crust  arc  divisible  into 
B  variety  of  groups,  more  or  less  dissimilar  in  their  organic  remains  and 
rainenU  composition.  The  conclusion  universally  drawn  from  the  study 
and  comparison  of  these  fossiliferous  groups  is  this,  that  at  successive 
periods  distinct  tribes  of  animals  and  plants  have  inhabited  the  land  and 
waters,  and  that  the  organic  types  of  the  newer  formations  are  more 
analogous  to  species  now  existing,  than  those  of  more  ancient  rocks.  If 
we  then  turn  to  the  present  state  of  the  animate  creation,  and  inquire 
whether  it  has  now  become  fixed  and  stationary,  we  discover  that,  on 
the  contrary,  it  is  in  a  st^ite  of  continual  flux — that  there  are  many 
causes  in  action  which  tend  to  the  extinction  of  species,  and  which  are 
conclusive  against  the  doctrine  of  their  unlimited  durability.  But  natu- 
ral history  has  been  successfully  cultivated  for  so  short  a  period,  that  a 
few  examples  only  of  local,  and  perhaps  but  one  or  two  of  absolute,  extir- 
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pation  can  as  yet  be  proved,  and  these  only  where  the  inLerferonce  of  man 
has  been  conspicuous.  It  ^vil)  nt'vcrth^ess  appear  evident,  from  the 
facts  and  arguments  detailed  in  the  third  book  (Irom  the  thirty-seventh 
to  the  forty-second  chapters,  inclusive)  that  man  is  not  the  only  exter- 
minating agent ;  and  that,  mdependentljr  of  hk  mtervention,  the  annihi- 
lation of  spiecies  v»  promoted  by  the  mnltiplieatuHi  and  gndual  dtSk- 
•ion  of  eveiy  animal  or  plant  It  will  ako^appear,  that  ^Tery  alteratioii 
in  the  phjsica]  geography  and  cUmate  of  the  A:lobe  cannot  M  to  have 
•he  same  tendency.  If  we  proceed  still  farther,  and  inquire  whether 
new  species  are  substitiited  from  time  to  time  for  those  wh^^h  die  oat» 
and  whether  there  are  certain  laws  appointed  by  the  Author  of  Natue 
to  regulate  sach  new  creations,  we  find  tliat  the  p^od  of  hvman  ohaer^ 
▼ation  is  as  yet  too  short  to  afford  data  for  determming  so  weighty  a 
question.  All  that  can  be  done  is  to  show  that  the  successive  introdu*'- 
tion  of  new  species  may  be  a  constant  part  of  the  economy  of  tlx  [it- 
restrial  system,  witliout  our  having  any  right  to  expect  that  we  should 
be  in  possession  of  direr t  proof  of  the  fact.  The  appearance  again  and 
again  of  new  species  may  « asily  have  escaped  detection,  since  the  num- 
bers uf  kuown  animals  imd  plants  have  augmented  so  rapidly  within  the 
memory  of  persons  now  living,  as  to  have  doubled  in  some  classes,  and 
quadrupled  in  others.  It  will  also  be  remarked  in  the  sequel  (book  iii. 
chap*  48)i  that  it  must  always  be  more  easy  if  species  proceeded  origin 
nally  from  single  stocks^  to  prove  that  one  which  formerly  abonnded  in 
a  given  district  has  ceased  to  be,  than  that  another  has  been  called  into 
b^ig  for  the  first  time.  If,  therefore^  there  be  as  yet  only  one  or  two 
unequivocal  instances  of  extinction,  namely,  those  of  the  dodo  and  soli- 
taire (see  ch.  41),  it  is  scarcely  reasonable  as  yet  to  hope  that  we  should 
be  cognizant  of  a  single  instance  of  the  first  appearance  of  a  new  species. 

Htccni  origin  of  man,  and  gradual  approach  in  the  tertiary  fossili  of 
successive  jM^riods  from  an  extinct  to  the  rccvnt  fauna. — The  geolopst, 
however,  if  required  to  advance  some  fact  which  may  lend  countenance 
to  the  opmion  that  in  the  most  modern  times,  that  is  to  say,  after  tbe 
greater  part  of  the  existing  fauna  and  flora  were  eslabliblied  on  the 
earth,  there  h.'us  still  been  a  new  species  superadJi  d.  may  point  to  man 
himself  as  furnishing  the  required  illustration — for  man  most  be  regarded 
by  the  geologist  as  a  creature  of  yesterday,  not  merely  in  reference  to 
the  past  history  of  the  organic  world,  but  also  in  relation  to  that  par* 
ticnlar  state  of  the  animate  creation  of  which  he  forms  a  part.  The 
eomparatively  modem  introduction  of  the  human  race  b  proved  by  the 
absence  of  the  remains  of  man  and  his  works,  not  only  from' all  strata 
containing  a  certain  proportion  of  fossil  shells  of  extinct  species,  but  even 
from  a  large  part  of  the  newest  strata,  in  which  aU  the  fossil  individual!! 
are  referable  to  species  still  living. 

To  enable  the  reader  to  appreciate  the  full  force  of  this  evidence,  I 
shall  give  a  slight  sketch  of  the  information  o})t.nne<l  from  ih«'  newei 
Htrat  \,  rpsppctinir  Huctuations  in  the  animate  world,  in  times  immediatel) 
antecedent  to  the  appearance  of  man. 
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series  of  fossiliferous  formations  froQl  tbe  mofi5  &D0l6lit 
to  the  more  modero,  the  first  deposits  in  which  we  meet  with  assem- 
blages of  organic  remains,  having  a  near  analogy  to  the  fauna  of  cer 
Van  parts  of  the  globe  in  our  own  time,  are  those  commonly  called  ter- 
tiary.   Even  in  the  Eocene,  or  oldest  siOnlivision  of  these  U^rtiary 
formations,  some  few  of  the  testacea  belong  lo  existing  species,  althougli 
almnst  all  of  them,  and  apparently  all  the  aiiijociated  vertebrata,  are  now 
cxuncL    These  £k>cene  strata  iuc  succeeded  by  a  great  number  of 
i2U>re  modern  deposits,  which  depart  gradually  in  the  character  of  their 
fosiib  fnun  the  Eoeene  type,  and  approach  more  and  more  to  that  of 
the  liriog  creation.   In  iJie  present  state  of  science,  it  is  chiefly  by  the 
aid  of  sbelb  that  we  are  enabled  to  arrive  at  these  results,  for  of  all 
cbsses  the  testacea  are  the  most  generally  diffused  in  a  fossil  state,  and 
may  be  called  the  medals  principally,  employed  by  nature,  in  recording 
the  dncnology  of ,  past  events.   In  the  Miocene  deposits,  whicb  are 
next  in  succession  to  the  Eocene,  we  begin  to  tind  a  considerable  num- 
ber, ^though  still  a  minority,  of  :  ecent  species,  intermixed  with  some 
fossils  common  to  tlie  preceding  epocli.    Wc  then  arrive  at  the  Plio- 
ccn**  strata,  in  -which  species  now  contemporary  with  man  begin  to  pre- 
ponderate, and  in  the  newest  of  wliich  nine-tenths  of  the  fossils  agree 
with  spocies  still  inhabiting  the  neighboring  sea. 

In  tliis  passing  from  the  older  to  the  ntnvi  r  members  of  the  tertiary 
system  we  meet  with  many  chasms,  but  none  which  separate  entirely, 
hf  a  broad  line  6[  demarcation,  one  state  of  the  organic  world  from  an- 
other. Ttere  are  no  signs  of  an  abrupt  termination  of  one  founa  and 
flora,  and.  the  starting  into  life  of  new  and  wholly  distinct  forms.  Al- 
though we  ue  far  from  bemg  able  to  demonstrate  geol<^ically  an  insen- 
tiblQ  tFBontion  from  the  Eocene  to  the  Miocene,  or  eren  from  the  latter 
to  the  ieeent*faana,  yel;  the  more  we  enlarge  and  perfect  our  general 
»ur\-ej,  the  more  nearly  do  we  approximate  to  such  a  continuous  series, 
and  the  more  gradually  are  we  co«iducted  from  times  when  many  of  the 
genera  and  nearly  all  the  species  were  extinct,  to  t]io>e  in  which  scarcely 
a  single  species  flourished  which  we  do  not  know  to  exist  at  present. 
Dr.  A.  Philippi,  indeed,  after  an  elaborate  comparison  of  the  fossil  ter- 
tiary shells  of  Sicily  with  those  now  living  in  the  Mediterranean,  an- 
nounces as  the  result  of  his  examination  that  there  are  strata  in  that 
island,  which  attest  a  very  gradual  piujsage  from  a  period,  when  only 
thirteen  in  a  hundred  of  the  sliells  were  like  the  species  now  living  in 
tile  sea,  to  an  era  when  the  recent  species  had  attained  a  proportion  of 
ninety-five  in  a  hundred.  There  is  therefore  evidence,  be  says,  in  Sicily 
of  tl^  rerolutioo  in  tbe  animate  world  ba?iog  been  effected  "  without 
the  Aienrentioa  of  any  convulnon  or  abrupt  changes,  certain  spedes 
havli^  from  time  to  time  died  out,  and  others  having  been  mtroduced, 
until  ,il  length  tbe*ezisting  fauna  was  elaborated." 

It  had  often  been  ol)jei:ted  that  the  evidence  of  fossil  species  occiir- 
nng  ia  two  consecutive  formatiotis,  was  confined  to  the  testacea  or  zoo- 
phyiei,  the  characters  of  which  are  less  marlced  and  decisive  than  those 
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afforded  by  the  vertebrate  animals.  But  Mr.  Owea  has  lately  insisted 
on  the  important  fact,  that  not  a  few  of  the  quadrupeds  which  now  in- 
habit our  isliind,  Hnd  amon«,'  others  the  horse,  the  ass,  the  hog,  tlie 
smaller  wild  ox,  the  goat,  the  red  deer,  the  roe,  (Ijr  beaver,  and  many 
of  the*  diminutive  rodents,  are  the  same  as  those  wliicli  once  coexist<;d 
with  the  mammoth,  the  sfreat  northern  hippopotamus,  two  kinds  of  rhi- 
noceros, and  otiier  mammalia  long  bince  extinct.  "  A  part,"  he  ob< 
■erves,  *'  and  not  (lie  whole  of  the  modem  tertiary  fimna  haii  periBbed, 
and  hence  we  may  eonclode  that  the  cause  of-  their  deetraction  has  not  , 
been  a  violent  and  muversal  catastrophe  from  which  none  eovJd 
escape.*** 

Had  we  discovered  evidence  that  man  had  come  mto  the  eaith  at  a 
period  as  early  as  that  when  a  lai^e  number  of  the  fossil  qoadrupeda 
now  living,  and  almost  all  the  re^nt  species  of  land,  freshwater,  and 
marine  shells  were  in  existence,  we  should  have  been  compelled  to 

ascribe  a  mwch  higher  antiquity  to  our  species,  than  even  the  boldest 
speculations  of  the  ethnolorrist  require,  for  no  small-part  of  the  great 
physical  revolution  depicted  on  the  map  of  Europe  (Pi.  3),  before  de- 
scribed, took  place  very  gradually  after  the  recent  testacea  abounded 
almost  \io  the  exclusion  of  the  extinct.  Thus,  for  example,  in  the  dv- 
positis  culled  the  "northern  linU,  '  or  the  glacial  formation  oj  Europe 
and  North  America,  the  fossil  marine  shells  can  easily  be  identified  wilii 
species  dther  now  inhabiting  the  neighboring  sea,  or  living  in  the  seaa 
of  higher  latitudes.  Yet  the}  exhibit  no  memorials  ci  the  human  race, 
or  of  articles  fabricated  by  the  hand  of  man.  Some  of  the  newest  of 
these  stiuta'psasing  by  the  name  of  *'  raised  beaches,'*  occur  at  moder- 
ate elevations  on  the  coast  of  England,  Scotland,  and  Ireland.  Otbor 
examples  are  met  with  on  a  more  extended  scale  in  Scandinavia,  as  at 
the  height  of  200  feet  at  Uddevalla  in  Sweden,  and  at  twice  that  eleva- 
tion, near  Christiana,  in  Norway,  also  at  an  altitude  of  600  or  700  feet 
in  places  farther  north.  They  consist  of  beds  of  sand  and  clay,  filling 
hollows  in  a  district  of  granil*'  and  gneiss,  and  they  must  closely  resem- 
ble the  accumulations  of  shelly  matter  now  in  progress  at  the  bottom  of 
the  Norwegian  ti(jrds.  The  rate  at  which  the  land  is  now  rising  in 
Scandinavia,  is  far  too  irregular  in  different  phices  to  afford  a  safe 
standard  lur  estimating  tlic  minimum  of  time  required  for  ihe  upiicavai 

• 

*  ReporU  to  Brit  AsKte.  1842,  1848.  and  Introd.  to  Brit  FoM.  Matnm.  p.  81. 
^  The  conchul^cal  cvi  i*  nee  respecting  the  British  Miocene,  Pliooene,  and  Pleitto- 

'  fone  fossils,  examined  by  Mr.  l*orbc«.  in  the  pnpor  before  cited,  p.  88,  note.  Yx-nt 
out  some  of  the  luo^t  important  cooclusioos  of  M.  Deshayes,  quoted  by  mc  in  ihe 
first  edition  of  the  Prinaples,  1881,  bikI  tbo  rci  ent  observations  of  Philippi  in  re- 
jrurd  to  the  pnssago  of  MHicies  from  one  formation  to  another.  I  retVr  to  tlu-M" 
autliyiities  more  especially  t)ccan80  this  doctrine  of  a  jfradual  trausitioa  hu4  been 
<>ppoBed  by  some  living  naturalii>ta  of  high  (ii-tinciiun,  among  whom  I  may  men* 
ti  f.  M  A.  d'Orbigny  and  M.  Agassiz.  I  havt^  \u\vj^  Ihm  ii  convimcd  t}iat  we  mast 
uLaiidua  many  of  the  identifications  formerly  luude  oi  Eocene  with  recent  nhiUs; 
but  amne  errors  of  tlitt  Idiid  do  not  affect  the  general  reasoning  on  the  subject 
See  a  diecaittoo  flo  tbie  qoeetioDt  Quarterly  Jo«im  of  Qeqg;  wic.  No.  6^  47 
i^eb.  1846. 
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«f  the  ftnubmental  gmoaltid,  and  its  marine  shelly  oovering,  Co  the  height 
t$  so  msny  himdreii  feel ;  but  according  to  the  greatest  aTerage,  of  five 
or  six  feet  in  a  centory,  the  period  required  would  be  very  considerable^ 
sod  oesriy  the  whole  of  it,  as  well  as  the  antecedent  epoch  of  submw^ 
gence.  seems  to  have  preoeded  the  introduction  of  man  into  these  parts 
ef  the  earth. 

There  are  other  post-tertiary  formation.^  of  fluviatile  origin,  in  the 
ctntre  of  Europe,  in  which  the  ah's^'nce  of  human  remains  is  p>  i  hups 
siill  more  striking,  because,  wlien  formed,  they  must  have  l  i  rn  ^uv- 
rounded  by  dry  land.  I  allude  to  the  silt  or  loess  of  the  basin  of  the 
Rhine,  which  must  have  gradually  tilled  up  the  great  valley  of  that 
river  sbce  the  time  when  its  waters,  and  the  contiguous  lands,  were  in- 
hsbited  by  the  existing  species  of  fifethwater  and  tenestrial  mcAasIn, 
Showen  of  ashes,  thrown  out  by  some  of  the  last  emptians  of  the  Etfel 
I'vilcaaoeSrfeU  during  the  deposition  of  this  flamtQe  silt,  and  were  Inter- 
•tiatified  with  it;  But  these  volcanoes  became  exhausted,  the  valley 
was  re-eicavated  throogh  the  silt,  and  again  reduoed  to  its  present  form 
^ort  the  period  of  human  history.  The  study,  therefore,  of  this  shelly 
At  revttb  to  ua  the  history  of  a  long  series  of  events,  which  occurred 
After  the  testacea  now  living  inhabited  the  land  and  rivers  of  Europe, 
&Qd  the  whole  .terminated  without  any  signs  of  the  coming  of  man  into 
tlwR  part  of  thfi  globe. 

Tociitj  a  still  more  rcmarkidjl'  example,  we  observp  in  Sicily  a  lofty 
table-land  and  hills,  sometimes  v'i-'w>'j_      the  height  of  8000  feet,  cnppt'd 
With  a  limestone,  in  which  from  70  lo  85  per  cent,  of  the  fossil  tt  starea 
specifically  identical  with  those  now  inhabiting  the  MediterratiLan. 
^Me  calcareous  and  other  argillaceous  strata  of  the  same  age  are  intcr- 
by  deep  Talleys  which  hare  been  gradually  formed  by  deimda- 
but  have  not  varied  materially  in  width  or  depth  since  Sicily  was 
edoQised  by  the  Greeks^  The  limestone,  moreover,  which  is  of  so 
A  date  ID  geological  ohrcmology,  was  quarried  for  building  those 
ancient  temples  of  Oh|^tt  and  Syraeose^  of  which  the  ruins  carry  us 
'""'^     a  r<'moto  era  in  human  history.    If  we  are  lost  in  conjectures 
^^'en  speculating  on  the  ages  required  to  hft  up  these  formations  to  the 
^'oht  of  several  thousand  feet  above  the  sea,  how  much  more  remote 
be  the  era  when  the  same  rocks  were  gradually  formed  beneath 
Waters ! 

To  (^,nclude,  it  appears  that,  in  p:<^\\^'_^  back  from  the  recent  to  th« 
^'^^  pf-riod,  we  are  carried  hy  many  successive  steps  from  the  fauna 
Coniemj)onuy  with  man  to  an  assemldage  of  fossil  species  wholly 
^^^•Jt  from  those  now  living.    In  this  retrospect  we  have  not  yet  suc- 
in  tracing  back  a  perfect  transition  from  the  recent  to  an  extinct 
>  but  there  are  usually  so  many  species  m  common  to  the  groups 
atnnd  next  m  succession  as  to  show  that  there  is  no  great  chasm, 
.  ^^S^  of  a  crisis  when  one  class  of  oigaaie  beings  was  annihilated  to 
place  suddenly  to  another.  This  analogy,  therefore,  derived  from 
^^^'iod  of  the  earth's  history  which  can  best  be  compared  with  the 
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present  state  of  things,  and  more  thorouglily  investigated  than  an^ 
Other,  leads  to  tbe  eooclusion  that  the  extinctioa  and  creation  of  species, 
lias  been  and  is  |he  result  of  a  slov  and  giadoal  change  in  tbe  oigaoic 
worid. 

ONXrORMXIT  OF  OHAHOE  CONhlDERKD,  SECONDLY,  IH  RSnRBNOX  TO  SUB 
«  TSBRANEAN  M0Vi£UGNT8. 

To  pass  on  to  another  of  the  three  topics  before  proposed  for  dlaeos 
sion,  the  reader  will  find,  in  the  account  givea  in  tbe  seooiid  book  of  the 
earthquakes  recorded  in  history,  that  certain  countries  have,  from  lune 
immemorial,  been  rudely  stiaken  again  and  again,  while  others,  com* 
prising  by  far  the  largest  part  of  tbe  globe,  have  remained  to  all  ap- 
pearance motionless.  In  the  regions  of  convulsion  rocks  have  been  rent 
asunder,  the  surface  has  been  forced  up  into  ridu^es,  cluusnis  have  opened, 
or  the  ground  throughout  large  spaces  lias  bctn  permanently  lifted  up 
above  or  let  down  below  its  former  level.  In  the  regions  of  tranquillity 
some  jfreas  have  remained  at  rest,  but  others  have  been  a>certained  bv 
a  f  [upanson  of  measurements,  made  at  different  periods,  to  have  risen 
by  an  insensible  motion,  as  in  Sweden,  or  to  liave  subsided  very  slowly, 
m  in  Greenland.  'J'hat  these  same  movements,  whether  ascending  or 
descending,  have  continued^  for  ages  in  the  same  direption  has  been 
established  by  geological  evidence.  Thus,  we  find  both  on  tbe  east  and 
west  coast  of  Sweden,  that  ground  which  formerly  constituted  the  bot- 
tom of  the  Baltic  and  of  the  ocean  has  been  lifted  up  to  an  elevation  ol 
several  hundred  feet  above  high-water  mark.  Theorise  within  the  his- 
torical period  has  not  amounted  to  many  yards,  but  the  greater  extent 
of  antecedent  upheaval  ia  proved  by  the  occurrence  in  mland  apots^ 
several  hundred  feet  high,  of  deposits  filled  with  fossil  shells  of  species 
now  living  either  in  the  ocean  or  the  Baltic. 

To  detect  proofs  of  slow  and  gradual  subsidence  must  in  general  be 
more  difficult ;  but  the  theory  which  accounts  for  the  form  of  circular 
coral  reefs  and  lagoon  islands,  and  which  will  be  explained  in  the  last 
chapter  of  the  third  book,  will  satisfy  the  reader  that  there  arc  spaces 
on  the  globe,  several  thousand  miles  in  circumference,  throiijrliout  which 
the  downward  movement  has  predominated  for  ages,  and  yet  the  land 
has  never,  in  a  single  instance,  gone  down  suddenly  for  several  hundred 
feet  at  once.  Yet  geology  demonstrates  that  the  persistenny  of  sub- 
terranean movements  in  one  direction  has  not  been  peri)eLual  through- 
out all  past  time.  There  have  been  great  oscillations  of  level  by  which 
a  surface  of  dry  land  has  been  submerged  to  a  depth  of  several  thou- 
sand feet,  and  then  at  a  period  long  subsequent  raised  again  and  made 
to  emeige.  Nor  have  the  regions  now  motionless  been  always  at  rest ; 
and  some  of  those  which  are  at  present  the  theatres  of  reiterated  earth* 
quakes  have  formerly  enjoyed  a  long  continuance  of  tranquillity.  But 
although  disturbances  have  ceased  after  having  long  previuIed,iDr  hnye 
recommenced  after  a  suspension  for  ages,  there  has  been  no  univeraal  , 
disruption  of  the  eartli's  crust  or  desolaUon  of  the  aurfitoe  smee  tinaet 
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Um  most  remote.  The  noa-oeisurreiioe  of  sneb  a  genend  ooHTiilsioii' « 
prored  by  the  perfect  boiwmtality  now  retained  by  some  of  the  inoBt 

ancient  fossiliferous  strata  tbiougbout  wide  areas. 

Inferatcet  derived  from  unconformahle  strata. — That  the  subterraneaD 
forces  have  viMtcd  different  parts  of  the  globe  at  successive  periods,  is 
inferred  chiefly  from  the  unconformability  of  strata  belonging  to  groups 
of  diflferent  ages.  Thus,  for  example,  on  tlip  borders  of  Wales  and 
Shropshire  we  find  the  slaty  beds  of  the  ancient,  Silurian  system  curved 
W  vertical,  while  the  beds  of  the  overlying  carboniferous  shale  and 
sandstone  are  horizontal.  All  arc  agreed,  that  in  such  a  case  the  olJi  i 
set  of  strata  bad  sufiercd  great  dislociition  before  the  deposition  of  the 
imrer  or  carboniferous  beds,  and  that  these  last  have  never  since  been 
eannbed  by  any  movements  of  exceesive  violence.  But  the  strata  of 
tbe  inferior  group  suffered  only  a  loeal  derangement*  and  rocks  of  the 
■Bw  sge  are  by  no  means  found  everywhere  in  a  curved  or  vertica] 
poiilion.  In  various  parts  of  Burope,  and  particularly  near  Lake  Wener 

the  Boath  of  Sweden^  and  in  many  parts  of  Russia,  beds  of  the  same 
fiOarian  lystem 'maintain  the  niost  perfect  hoiiaontality  ;  and  a  similar 
oisemtion  may  be  made  respecting  limestones  and  shales  of  the  like 
^tiquity  in  the  great  lake  district  of  Canada  and  the  United  States, 
Tl>ey  are  still  as  flat  and  horizontal  as  when  first  formed ;  yet  since 
their  origin  not  only  have  most  of  the  actual  mountain-cliains  been  up- 
M,  but  the  very  rocks  of  which  those  mountaios  are  composed  have 
l^n  formed. 

It  would  be  ea55y  to  multiply  instances  of  similar  unconformability  in 
fcamations  of  other  ages  ;  but  a  lew  more  will  suffice.    The  coal  meas- 
before  alluded  to  as  horizontal  on  the  borders  of  Wales  are  verti- 
^  is  the  Mendip  Hills  in  Somersetshire,  where  the  overlying  beds  of 
^  Ifev  Red  Soodstooe  are  horisontaL   Again,  in  tbe  Wolds  of  York- 
the  last  mentkmed  sandstone  supports  on  its  curved  and  inclined 
^  the  horisootal  Chalk.   The  CWk  again  is  vertical  on  tbe  flanks 
i>f  the  Pyrenees,  and  tbe  tertiary  strata  repose  uneonformably  upon  it* 
^Wtfemy  uf  loeal  dUtwthemee*  toiih  genarol  wn^hrmity. — ^As  al- 
most  every  country  supplies  illustrations  of  the  same  phenomena,  they 
^lio  advocate  the  doctrine  of  alternate  periods  of  disorder  and  repose 
«»ppeal  to  the  facts  above  described,  as  proving  that  every  dis- 
^1^^  has  been  by  turns  convulsed  by  earthquakes  and  then  respited 
"Sres  from  con>  alsions.     But  so  it  might  with  equal  truth  be 
^'^^  that  everv  part  of  Europe  has  been  visited  alternately  by  win- 
summer,  although  it  has  always  been  winter  and  always  sum- 
.  ^  Some  part  of  tbe  planet,  and  neither  of  these  seasons  has  ever 
ik^^  simultaneously  over  the  entire  globe.    They  ha\e  ix  <  n  always 
about  from  place  to  place ;  but  the  vicissitudes  which  recur 
in^  .^^ually  in  a  sbgle  spot  are  never  allowed  to  interfere  with  the 

J^ble  unifomuty  of  seasoos  throughout  tbe  whole  planet. 
^1  *  In  regard  to  subterranean  movements,  the  theory  of  tbe  perpet- 
^^^^onaity  of  tbe  force  which  they  enert  on  tbe  earth's  crust  it 
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qiDte  conatstcnt  with  the  admission  of  their  altemata  developnaiii  and 
^penaon  for  iDdefiiiite  periods  within  limited  geographioal  areas. 

UHIFOBIIirT  OF  OBAVOI  OOHSIDXBSD,  TBntDI.T,  IV  BSrSRIirOB  ffO 

BBDIMBKTABT  DBPOSHtOK.  ^ 

It  now  remains  to  speak  of  the  laws  governing  the  deposition  ot 
new  strstt.  If  we  survey  the  surface  of  the  globe  we  immediatelj 
perceive  fliat  it  is  divisible  into  areas  of  deposition  and  non-deposition, 
cr,  in  other  words,  at  any  given  time  there  are  spaces  which  are  the 
reeipients,  others  which  aie  not  the  TC«pients  of  sedimentaiy  matter. 
Ko  new  strata*  for  example,  are  thrown  down  on  dry  land,  whiok 
remains  the  same  from  year  to  year ;  whereas»  in  many  parts  of  tlie 
bottom  of  seas  and  lakes,  mod,  sud,  and  pebbles  are  annually  spread 
ont'by  riven  and  ewrents.  There  are  also  great  masses  of  limestone 
growing  in  some  sens,  or  in  mid-oeean,  chiefly  composed  of  corals  and 
shells. 

No  udiment  dqtosited  on  dry  landj^AM  io  the  dry  land,  so  for 
from  being  the  receptacle  of  fresh  accessions  of  matter,  it  is  exposed 
almost  everywhere  to  wasfe  away.  Forests  may  be  as  dense  and 
lofty  as  those  of  Brnzil,  and  may  swarm  with  quadrupeds,  birds,  and 
insc'cfs,  yet  at  the  end  of  ten  thousand  years  one  layer  of  black 
mouhi,  a  few  inches  thick,  may  be  the  sole  representative  of  those 
myriads  of  trees,  leaves,  flowers,  and  fruits,  those  innumerable  bones 
and  skeletons  of  birds,  quadioipeds,  and  reptiles,  which  tenanted  the 
fertile  region.  Should  this  land  be  at  length  submerged,  the  waves 
of  the  sea  may  wash  away  in  a  few  hoozs  the  scanty  covering  of 
mould,  and  it  may  merely  impart  a  darker  shade  of  color  to  the  next 
stratum  of  marl,  sand,  or  other  matter  newly  thrown  down.  80  also 
at  the  bottom  of  the  ocean  where  no  sediment  is  accumulating,  aea^ 
weed,  Boophytes,  fish,  and  even  shells,  may  multiply  for  ages  and  de- 
compose, leaving  no  vestige  of  their  form  or  substance  behind.  Their 
decay,  in  water,  although  more  slow,  is  as  certain  and  eventually  as 
complete  as  in  the  open  air.  Nor  can  they  be  perpetuated  for  indefi- 
nite periods  in  a  fossil  state,  unless  imbedded  in  some  matrix  wliich  is 
impervious  to  water,  or  which  at  least  does  not  allow  a  free  percolation 
of  that  fluid,  impregnated  tis  it  usually  is,  with  a  slight  quantity  of  car- 
bonic or  other  acid.  Such  a  free  percolation  may  be  prevented  either 
by  the  mineral  nature  of  the  matrix  iUielf,  or  by  the  superposition  of  an 
impermeable  stratum  :  but  il  unimpeded,  the  fossil  shell  or  bone  will  be 
dissolved  and  removed,  particle  after  particle,  and  thus  entirely  effaced, 
unless  petrifactioik  or  the  substitution  of  mineral  for  oiganic  matter  hap- 
pen to  take  place. 

That  there  has  been  land  as  well  as  sea  at  all  former  geological  pe- 
riods»  we  know  from  the  fiicl»  that  fossil  trees  and  terrestrial  plants  are 
imbedded  in  rocka  of  eveiy  age.  Occasionally  lacustrine  and  fluviatile 
sheUi^  insects,  or  the  bones  of  amphlbioaB  or  land  reptiles,  point  to  the 
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same  conclusion.  The  existence  of  dry  land  at  all  periods  of  ABfHS 
implies,  as  before  mentioned,  the  partial  deposition  of  sediment,  «r  a» 
GmitatioQ  to  certain  areas ;  and  the  next  point  to  which  I  tloli  aii 
the  reader  s  attention,  is  the  shifting  of  these  areas  from  one  regioa  t« 
another.  ^ 

First,  then,  variations  in  the  site  of  sedimentary  deposition  are 
brought  about  independently  of  subterranean  movements.  There  b 
always  a  slight  change  from  year  to  year,  or  from  century  to  century. 
The  sediment  of  the  Rhone,  for  example,  thrown  into  the  Lake  of 
Geneva,  is  now  conveyed  to  a  spot  a  mile  and  a  half  distant  from  that 
where  it  accumulated  in  the  tenth  century,  and  six  miles  from  the  point 
where  the  delta  began  originally  to  form.  We  may  look  forward  to 
tile  period  when  this  lake  will  be  filled  up,  and  then  the  distribution  of 
the  transported  matter  will  be  suddenly  altered,  for  the  mud  and  sand 
brought  down  from  the  Alps  will  thenceforth,  instead  of  oeing  deposited 
near  Geneva,  be  carried  nearly  200  miles  southwards,  where  the  Rhone 
enters  the  Mediterranean. 

Iq  the  deltas  of  large  rivers,  such  as  those  of  the  Ganges  and  Indus, 
the  mud  is  first  carried  down  for  many  centuries  through  one  arm,  and 
on  this  being  stopped  up  it  is  discharged  by  another,  and  may  then 
enter  the  sea  at  a  point  50  or  100  miles  distant  from  its  first  receptacle. 
The  direction  of  marine  currents  is  also  liable  to  be  changed  by  various 
accidents,  as  by  the  heaping  up  of  new  sand- banks,  or  the  wearing 
away  of  cliffs  and  promontories. 

But,  secondly,  all  these  causes  of  fluctuation  in  the  sedimentary  areas 
are  entirely  subordinate  to  those  great  upward  or  downward  movements 
of  land  which  have  been  already  described  as  prevailing  over  large 
tracts  of  the  globe.  By  such  elevation  or  subsidence  certain  spaces  are 
gradually  submerged,  or  made  gradually  to  emerge : — in  the  one  case 
sedimentary  deposition  may  be  suddenly  renewed  after  having  been  sq»- 
pended  for  ages,  in  the  other  as  suddenly  made  to  cease  after  havii^ 
continued  for  an  indefinite  period. 

Cause*  of  variation  in  mineral  character  of  successive  $edimentnry 
QToups. — If  deposition  be  renewed  after  a  long  interval,  the  new  strata 
will  usually  differ  greatly  from  the  sedimentary  rocks  previouAly  j/jnoed 
in  the  same  place,  and  especially  if  the  older  rocks  have  tufffrred  de- 
rangement, which  implies  a  change  in  the  physical  geography  <A  Iht; 
district  since  the  previous  conveyance  of  sediment  to  th<:  Ram«  iip<x.  Jt 
may  happen,  however,  that,  even  when  the  inferior  group  h  ht/nzftnul 
and  conformable  to  the  upper  strata,  these  last  may  %u]\  dtfUir  «»iiir«rly 
in  mineral  character,  because  since  the  origin  of  the  okkr  UmMUffn  th^ 
geography  of  some  distant  country  has  been  altered.  In  tb^U  rj/untry 
rocks  before  concealed  may  have  become  exposed  by  d«miMistiir/n ;  vtA- 
canoes  may  have  burst  out  and  covered  the  surface  with  uf^frvi:  ttnd 
lava,  or  new  lakes  may  have  been  formed  by  subsidence  ;  awJ  /x^mt  flar* 
luations  may  have  occurred,  by  which  the  materials  brou((ht  6*/wn  Utitu 
tkeoce  by  rivers  to  the  sea  have  acquired  a  distinct  mineral  character. 
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It  is  well  known  that  the  stream  of  the  Mississippi  is  charged  with 
sediment  of  a  different  color  from  that  of  the  Arkansas  and  Red  Rivers, 
which  are  tinged  with  red  mud,  derived  from  rocks  of  porphvry  in 
"  the  far  west."  The  waters  of  the  Uruguay,  says  Darwin,  draining  a 
granitic  country,  are  clear  and  black,  those  of  the  Parana,  red.*  The 
mud  with  which  the  Indus  is  loaded,  says  Bumes,  is  of  a  clayey  hue, 
that  of  the  Chenab,  on  the  other  hand,  is  reddish,  that  of  the  Sullej  is 
more  pale.f  The  same  causes  which  make  these  several  rivers,  some- 
times situated  at  no  great  distance  the  one  from  the  other,  to  differ 
greatly  in  the  character  of  their  sediment,  will  make  the  waters  draining 
the  same  country  at  different  epochs,  especially  before  and  after  great 
revolutions  in  physical  geography,  to  be  entirely  dissimilar.  It  is 
scarcely  necessary  to  add,  that  marine  currents  will  be  affected  in  an 
analogous  manner  in  consequence  of  the  formation  of  new  shoals,  the 
emergence  of  new  islands,  the  subsidence  of  others,  the  gradual  waste 
of  neighboring  coasts,  the  growth  of  new  deltas,  the  increase  of  coral 
reefs,  and  other  changes. 

Whi/  successive  sedimentary  groups  contain  distinct  fossils. — If,  in 
the  next  place,  we  assume,  for  reasons  before  stated,  a  continual  ex- 
tinction of  species  and  introduction  of  others  into  the  globe,  it  will  then 
follow  that  the  fossils  of  strata  formed  at  two  distant  periods  on  the 
wime  spot,  will  differ  even  more  certainly  than  the  mineral  composition 
of  the  same.  For  rocks  of  the  same  kind  have  sometimes  been  repro- 
duced in  the  same  district  after  a  long  interval  of  time,  whereas  there 
are  no  facts  leading  to  the  opinion  that  species  which  have  once  died 
out  have  ever  been  reproduced.  The  submergence  then  of  land  must 
be  often  attended  by  the  commencement  of  a  new  class  of  sedimentary 
deposits,  characterized  by  a  new  set  of  fossil  animals  and  plants,  while 
the  reconversion  of  the  bed  of  the  sea  into  land  may  arrest  at  once 
and  for  an  indeBnite  time  the  formation  of  geological  monuments. 
Should  the  land  again  sink,  strata  will  again  be  formed ;  but  one  or 
many  entire  revolutions  in  animal  or  vegetable  life  may  have  l>een  com- 
pleted in  the  interval. 

Conditions  requisite  for  the  oripinal  completeness  of  a  fossiliferous 
series. — If  we  infer,  for  reasons  before  explained,  that  fluctuations  in 
the  animate  world  are  brought  about  by  the  slow  and  successive 
removal  and  creation  of  species,  we  shall  be  convinced  that  a  rare  com- 
bination of  circumstances  alone  can  give  rise  to  such  a  series  of  strata 
as  will  bear  testimony  to  a  gradual  passage  from  one  state  of  organic 
life  to  another.  To  produce  such  strata  nothing  less  will  b<;  requisite 
than  the  fortunate  coincidence  of  the  following  conditions  :  first,  a 
never-failing  supply  of  sediment  in  the  same  region  throughout  a  period 
of  vast  duration ;  secondly,  the  fitness  of  the  deposit  in  every  part  for 
the  permanent  preservation  of  imbedded  fossils  ;  and,  thirdly,  a  gradual 

♦  Darwin's  Jonrnni,  p.  163.    2A  ed.  p.  139. 
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subsidence  to  prevent  the  sea  or  lake  from  being  filled  up  and  converted 
into  land. 

It  will  appear  in  the  chapter  on  coral  reefs,*  that,  in  certain  parts  of 
the  Pacific  and  Indian  Oceans,  most  of  these  conditions,  if  not  all,  are 
complied  with,  and  the  constant  growth  of  coral,  keeping  pace  with  the 
sinking  of  the  bottom  of  the  sea,  seems  to  have  gone  on  so  slowly,  for 
such  indefinite  periods,  that  the  signs  of  a  gradual  change  in  organic 
life  might  probably  be  detected  in  that  quarter  of  the  globe,  if  we 
could  explore  its  submarine  jGjeology.  Instead  of  the  growth  of  cdral- 
line  limestone,  let  us  suppose,  in  some  other  place,  the  continuous  de- 
position of  ifluviatile  mud  and  sand,  such  as  the  Ganges  and  Brahma- 
pootra have  poured  for  thousands  of  years  into  the  Bay  of  Bengal. 
Part  of  this  bay,  although  of  considerable  depth,  might  at  length  be 
filled  up  before  an  appreciable  amount  of  change  was  effected  in  the 
fish,  mollusca,  and  other  inhabitants  of  the  sea  and  neighboring  land. 
But,  if  the  bottom  be  lowered  by  sinking  at  the  same  rate  that  it  is 
raised  bv  fluviatile  mud,  the  bay  can  never  be  turned  into  dry  land. 
In  that  case  one  new  layer  of  matter  may  be  supenm posed  upon 
another  for  a  thickness  of  many  thousand  feet,  and  the  fossils  of  the 
inferior  beds  may  differ  greatly  from  those  entombed  in  the  uppermost, 
yet  every  intermediate  gradation  may  be  indicated  in  the  passage  from 
an  older  to  a  newer  assemblage  of  species.  Granting,  however,  that 
such  an  unbroken  sequence  of  monuments  may  thus  be  elaborated  in 
certiin  parts  of  the  sea,  and  that  the  strata  happen  to  be  all  of  them 
well  adapted  to  preserve  the  included  fossils  from  decomposition,  how 
many  accidents  must  still  concur  before  these  submarine  formations  will 
be  laid  open  to  our  investigation  !  The  whole  deposit  must  first  be 
raised  several  thousand  feet,  in  order  to  bring  into  view  the  very  foun- 
<lation ;  and  during  the  process  of  exposure  the  superior  beds  must  not 
be  entirely  swept  away  by  denudation.; 

In  the  first  place,  the  chances  are  as  three  to  one  against  the  mere 
^mergence  of  the  mass  above  the  waters,  because  three-fourths  of  the 
globe  are  covered  by  the  ocean.  But  if  it  be  upheaved  and  made  to 
"^titute  part  of  the  dry  land,  it  must  also,  before  it  can  be  available 
for  our  instruction,  become  part  of  that  area  already  surveyed  by  geol- 
^ts;  and  this  area  comprehends  perhaps  less  than  a  tenth  of  the 
whole  earth.  In  this  small  fraction  of  land  already  explored,  and  still 
imperfectly  known,  we  are  required  to  find  a  set  of  strata,  ori- 
?^''y  of  limited  extent,  and  probably  much  lessened  by  subsequent 
denudation. 

it  is  precisely  because  we  do  not  encounter  at  every  step  the 
«^ence  of  such  gradations  from  one  state  of  the  organic  world  to 
»«olher,  that  so  many  geologists  embrace  the  doctrine  of  great  and 
'ttdden  revolutions  in  the  history  of  the  animate  world.  Not  content 
*ith  simply  availing  themselves,  for  the  convenience  of  classification,  of 


*  Book  ill  ch.  50. 


192 


CAUSES  OF  BREASB  UX 


[CB.XIIL 


those  gaps  and  ehaamt  wlueh  hen  and  there  intemipi  the  contiaintj  e( 
the  ehronologica]  series,  as  at  present  known*  thegr  deduce,  iroai  ths 
frequency  of  these  breaks  in  the  chain  of  records,  an  irregohr  node  sf 
succession  in  the  eyents  themselves  both  in  the  mganie  and  inoiganie 
world.  But,  besides  that  some  links  of  the  chain  which  onoe  existed 
are  now  cl^rly  lost  and  others  concealed  from  view,  we  ha?e  good  rca* 
son  to  suspect  that  it  was  never  complete  originally.  It  may  undoubt- 
edly be  said,  that  strata  have  been  always  forming  somewhere,  and 
iborefore  at  every  moment  of  past  time  nature  has  added  a  patj^e  to  her 
archives ;  but,  in  r«  ft-rcnce  to  this  subject,  it  should  be  rememben?d 
that  we  can  never  hope  to  compile  a  consecutive  history  by  leathering 
together  monuments  which  were  originally  detached  and  scattered  om 
the  globe.  For  as  the  species  of  organic  beings  contemporaneously 
inhabiting^  remote  retrions  are  disUnct,  the  fossils  of  the  first  of  several 
periods  which  may  be  preserved  in  any  one  country,  as  in  America, 
for  example,  will  have  no  connection  with  those  of  a  second  period 
found  in  India,  and  will  therefore  no  more  enable  us  to  trace  the  signs 
of  a  gradual  change  in  the  living  creation,  than  a  fragment  of  Chinese 
history  will  fill  up  a  blank  in  the  political  annals  of  Bnrope. 

The  absence  of  any  deposits  of  importance  containing  recent  shdls  in 
ChiU,  or  anywhere  on  the  western  coast  of  Sooth  America,  naturally 
led  Mr.  Darwin  to  the  conclusion  that  where  the  bed  of  the  sea  is 
either  stationary  or  rising,  circumstances  are.  far  less  favorable  than 
where  the  level  is  sinking  to  the  accumulation  of  conehiferous  strata  of 
sufficient  thickness  and  extension  to  resirt  the  average  vast  amount  of 
denudation.''*  An  examination  of  the  superficial  clay,  snnd,  and  cp-jivel 
of  the  most  modem  date  in  Norway  and  Sweden,  where  the  land  is  also 
rising,  would  incline  us  to  admit  a  similar  proposition.  Yet  in  these 
cases  there  has  been  a  supj)ly  of  sediment  from  the  wjiste  of  the  coast 
and  the  interior,  especially  in  Patagonia  and  Chili.  Nevertheless  wher- 
ever the  bottom  of  the  sea  has  been  continually  elevated,  the  total 
thickness  ot  sedimentary  matter  accumulating  at  depths  suited  lo  the 
habitation  of  most  of  the  species  of  shells  can  never  be  great,  nor  can 
the  deposits  be  thickly  covered  by  superincumbent  matter,  so  as  to  be 
consolidated  by  pressure.  When  they  are  upheaved,  therefore,  the 
waves  on  the  beach  will  bear  down  and  disperse  the  loose  materiala ; 
whereaa  if  the  bed  of  the  sea  subsides  slowly,  a  mass  of  strata  contain' 
ing  abundance  of  such  species  as  lire  at  moderate  depths  may  mcrease 
in  thickness  to  any  amount,  and  may  extend  over  a  broad  area,  as  the 
water  gradually  encroaches  on  the  land.  If,  then,  at  partiouhu:  perioda, 
aa  in  the  Miocene  epoch,  for  example,  both  m  Eprope  and  North  Amer* 
ica>  contemporaneous  shelly  deposits  have  originated,  and  have  beea 
preserved  at  very  distant  points,  it  may  arise  from  the  prevalence  at 
that  period  of  simultaneous  svbsidence  throughout  very  wide  areas. 
The  absence  in  the  same  quartern  of  the  globe  of  strata  markiog  Ibt 
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Igci  which  immediately  succeeded,  may  be  acoounted  for  by  suppooi^ 
dal  the  kvel  of  the  bed  of  the  sea  and  the  adjoioliig  laod  was  atatioiMiiy 
•rwas  undergoing  slow  upheaval. 

How  far  some  of  the  great  violations  of  continuity  which  now  exist  in 
the  chronological  ta])lf'  of  fossiliferoiis  rocks,  will  hereafter  be  removed 
i»r  lessened,  must  at  present  be  mere  matter  of  conjecture.  The  hiatus 
which  exi>Us  in  Great  Britain  between  the  fossils  of  the  Lias  and  those 
of  the  Magnesian  Limestone,  is  supplied  in  Germany  by  the  rich  fauna 
nd  flora  of  the  Muschelkalk,  Keuper,  and  Bunter  Sandsttto,  whieb  we 
laow  to  be  of  a  date  pfedady  mteimediate ;  those  three  formatioiia 
being  interpoeed  in  Qtamuaij  between  others  which  agree  perfectly  m 
Iheireigaiiie  remains  with  our  Lias  and  Magnesian  Limestone.  Until 
htdy  the  fossila  of  the  CSoal-meaaorea  were  sepaiated  from  thoee  of  the 
antecedent  Silurian  group  by  a  very  abmpt  and  decided  line  of  demar< 
cattoo ;  but  recent  discoveries  have  brought  to  light  in  Devonshire,  Bel- 
puk,  the  £ifel«  and  Westphalia,  the  remains  of  a  fauna  of  an  intervening 
period.  This  connecting  link  is  furnished  by  the  fossil  shells,  fish,  and 
cordis  of  the  Dev<5nian  or  Old  Red  Sandstone  group,  and  some  species 
of  this  newlv  intercalated  fauna  are  found  to  be  common  to  it  and  the 
suhjaoent  Silurian  rocks,  while  other  species  belong  to  it  in  common 
with  the  Coal-measures.  Wc  have  also  in  like  manner  had  some  suc- 
cess of  late  years  in  diminishing  tlie  hiatus  which  still  separates  the  Cre- 
taeeous  aod  Eocene  periods  in  Europe.  Still  we  must  expect,  (or  rea- 
tOD8  before  stated,  that  some  such  ehasms  will  forever  continue  to  Oecnr 
nsome  parts  of  our  sedunentary 

OBtmtlmey  ihe  thtory  of  ffradual  ehmiffe  wiih  tk$  emttmee  nffM 
Mi  ta  lAe  mi». — ^To  return  to  the  general  aignment  pursued  ui  this 
dnpter,  it  is  assumed,  for  reasons  abore  explained,  that  a  slbw  change 
of  species  is  in  simultaneous  operation  everywhere  throughout  the  habit- 
able surface  of  sea  and  land ;  whereas  the  fossilisation  of  pfamta  and 
uumals  is  confined  to  those  araaa  where  new  strata  are  produced. 
These  areas,  as  we  have  seen,  are  always  shifting  their  position  so  that 
the  fossilizing  process,  by  means  of  which  the  commomoration  of  the 
p:*riicular  stale  of  the  organic  world,  at  any  given  time,  is  atfocted,  may 
be  said  to  move  about,  visiting  and  revisiting  different  tracts  in  succession. 

To  make  still  more  clear  the  supposed  working  of  this  machinery,  I 
•ball  compare  it  to  a  somewhat  analogous  case  tliat  migiit  be  imagined 
to  oeeur  in  the  history  of  human  affairs.  Let  the  mortality  of  the  pop- 
■litioB  of  a  large  country  represent  the  auccessive  eztinetion  of  specieSp 
iid  the  births  el  new  individuals  the  introduction  of  new  species, 
^nds  these  fluctuations  are  grsdnally  taldng  pkce  everywhere,  sup- 
eoauBissioners  to  be  appdnted  to  visit  each  province  of  the  countij 
>n  ^uccesskm,  taking  an  eiact  account  of  the  number,  names,  and  indi- 
^oal  peculiarities  of  all  the  inhabitants,  and  1ea>ing  in  each  district  a 
^^?i^ter  containing  a  record  of  this  information.  If,  after  the  completion 
of  one  census,  another  is  immediately  made  on  the  same  plan,  and  then 
t  them  will,  at  bst>  be  a  aeriea  of  statistical  documents  in  each 
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province.    When  those  belonging  to  any  one  province  are  arranged  in 
chronologicjil  order,  the  contents  of  such  as  stand  next  to  each  other 
will  differ  according  to  the  length  of  the  intervab  of  time  between  the 
taking  of  each  census.    If,  for  example,  there  are  sixty  provinces,  and 
all  the  registers  are  made  in  a  single  year,  and  renewed  annually,  the 
number  of  births  and  deaths  will  be  so  small,  in  proportion  to  the  whole 
of  the  inhabitants,  during  the  interval  between  the  compiling  of  the  two 
consecutive  documents,  that  the  individuals  described  in  such  docunnents 
will  be  nearly  identiad  ;  whereas,  if  the  survey  of  each  of  the  sixty 
provinces  occupies  all  the  commissioners  for  a  whole  yciir,  so  that  they 
are  unable  to  revisit  the  same  place  until  the  expiration  of  sixty  years, 
there  will  then  be  an  almost  entire  discordance  between  the  persons  . 
enumerated  in  two  consecutive  registers  in  the  same  province.  There 
ire,  undoubtedly,  other  causes  besides  the  mere  quantity  of  time,  which 
may  augment  or  diminish  the  amount  of  discrepancy.    Thus,  at  some 
periods  a  pestilential  disease  may  have  lessened  the  average  duration  of 
human  life,  or  a  variety  of  circumstances  may  have  caused  the  births  to 
be  unusually  numerous,  and  the  population  to  multiply ;  or,  a  province 
may  be  suddenly  colonized  by  persons  migrating  from  surrounding  dis- 
tricts. 

These  exceptions  may  be  compared  to  the  accelerated  rate  of  fluctu- 
ation in  the  fauna  and  flora  of  a  particular  region,  in  which  the  climate 
and  physical  geography  may  be  undergoing  an  extraordinary  degree  of 
alteration. 

But  I  must  remind  the  reader,  that  the  case  above  proposed  has  no 
pretensions  to  be  regarded  as  an  exact  parallel  to  the  geological  phe- 
nomena which  I  desire  to  illustrate  ;  for  the  commissioners  are  suppost'd 
to  visit  the  different  provinces  in  rotation  ;  whereas  the  commemorating 
processes  by  which  organic  remains  become  fossilized,  although  they 
are  always  shifting  from  one  area  to  the  other,  are  yet  very  irregular  in 
their  movements.  They  may  abandon  and  revisit  many  spaces  again 
and  again  before  they  once  approjich  another  district ;  and.  besides  this 
source  of  irregularity,  it  may  often  happen  that,  while  the  depositing 
process  is  suspended,  denudation  may  take  place,  which  may  be  com- 
pared to  the  occasional  destruction  by  fire  or  other  causes  of  some  of 
the  statistical  documents  before  mentioned.  It  is  evident  that,  where 
such  accidentii  occur,  the  want  of  continuity  in  the  series  may  become 
indefinitely  great,  and  that  the  monuments  which  follow  nexl.  in  succes- 
sion will  by  no  means  be  equidistant  from  each  other  in  point  of  time. 

If  this  tniin  of  reasoning  be  admitted,  the  occasional  dis  jnctness  of 
the  fossil  remains,  in  formations  immediately  in  contact,  would  be  a 
necessary  consequence  of  the  existing  laws  of  sedimentary  deposition 
and  subterranean  movement,  accompanied  by  a  constant  mc  rtality  and 
renovation  of  species. 

As  all  the  conclusions  above  insisted  on  are  directly  oppos?d  to  opin- 
ions still  popular,  I  shall  add  another  compiirison,  in  the  hope  of  pre- 
venting any  possible  misapprehension  of  the  argument.    Suppose  we 
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hd  discovered  two  buried  ciUes  at  the  foot  of  Y esuvias,  immediately 
tBperimposed  upon  «Boli  other,  with  a  great  mass  of  tuff  and  ]a?a  intflr- 
feoing,  just  m  Portia  and  Rerina,  if  noir  eorered  with  ashes*  wodd 
ewtts  HeNahuMBm.  An  antiquary  might  possibly  be  entttkd^to  mfer, 
fins  tlM  insoi^iitkiiiB  on  public  edifioee,  that  the  inhabitants  of  the  mfe- 
rior  sod  oUer  ditf  wers  Greehi,  and  those  of  the  modem  towns  ItaliaaB. 
Bat  he  would  reason  rery  hastily  if  he  also  concluded  from  these  data 
thit  there  had  been  a  sudden  change  from  the  Greek  to  the  Italian  lan> 
guage  in  Campania,  But  if  he  afterwards  found  three  buried  cities,  one 
above  the  other,  the  intermediate  one  being  Roman,  while,  as  in  the 
former  example,  the  lowest  was  Greek  and  the  iippormost  lUilian,  he 
wouJd  then  perceive  the  fallacy  of  his  former  opinion,  and  would  begin 
to  suspect  that  iho  catastrophes  by  which  tlie  cities  were  inhumed 
might  have  no  relation  whatever  to  the  fluctuations  in  the  language  of 
the  inhabitants ;  and  that,  as  the  Roman  tongue  had  evidently  intervened 
between  the  Greek  and  Italian,  so  many  other  dialects  may  have  been 
ipiikflB  in  sneeessien,  and  tlie  passage  from  the  Greek  to  the  Italian  may 
iMt  been  jery  gradual ;  some  tenns  growmg  obsolete  while  otheis 
israintvodiioed  from  tone  to  time. 

If  tins  sntiqiiaiy  eoold  have  shown  that  the  Toksnie  paroxysms  of 
Venvras  were  so  governed  as  that  citiea  should  be  buried  one  above  the 
other,  just  as  often  as  any  variatiott  oeeurred  in  the  language  of  the 
inhsbitsnts^  then,  indeed,  the  abrupt  passage  from  a  Greek  to  a  Roman, 
and  from  a  Roman  to  an  Italian  dty,  would  afford  proof  of  fluctuatiQiifr 
DO  less  sudden  in  the  language  of  the  people. 

So,  in  Geology,  if  we  could  as^^ume  that  it  is  part  of  the  plan  of 
Nature  to  preserve,  in  every  region  of  the  globe,  an  unbrokon  series  of 
monuments  to  commemorate  the  vicissitudes  of  the  ortjanic  creation,  we 
might  infer  the  sudden  extirpation  of  species,  and  the  simultaneous 
introduction  of  others,  as  often  as  two  formations  in  contact  are  found  to 
isetode  dissimilar  organio  fossils.  But  we  must  shut  our  eyes  to  the 
vholo  eeoBomy  oif  the  ezlstfng  eanses,  aqueous,  igneous,  and  organic,  if 
vefMlto  peroeive  Aai  tuA  it  not  ike  plan  of  iVafurs. 

Omidudktg  mmrkt  on  IA«  idenHiff  of  the  ancient  and  preteni  ofttom 
^  lermtrial  dumga, — ^I  shall  now  oonelude  the  diseusskm  of  a  ques- 
tion with  which  we  hare  been  oeciipied  sfaiee  'tbe  begmning  of  the  tifth 
dlspter;  namely,  whether  there  luM  been  any  interruption,  from  the 
xaiotest  periods,  of  one  uniform  system  of  change  in  the  animate  and 
■ssimate  world.  We  were  induced  to  enter  into  that  in(|uiry  by  reflect- 
"•^how  much  the  prepress  of  opinion  in  Geology  had  been  influenced 
hy  the  assumption  that  the  analogy  was  slight  in  kind,  and  still  more 
"light  in  degree,  between  the  causes  which  produced  the  former  revolu- 
tions of  the  globe,  and  those  now  in  everv-day  operation.  It  appj  arrd 
•l^r  that  the  earlier  geologists  had  not  only  a  scanty  HC(juaintance  with 
•*htmg  changes,  but  were  singularly  unconscious  of  the  amount  of  their 
tpMRsaee.  With  the  presumption  naturally  inspired  by  this  uncon- 
"^MWes^  they  had  nohesilBlioii  in  deading  at  onee  that  time  oonM  neret 
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enable  the  existing  powen  of  nature  to  woik  ont  ohanges  of  great  magni- 
Ivde,  still  lest  such  important  levolutioiis  aa  thoae  irMeB  are  brought  le 
Ughi  bj  Geology.  Tbey»  therefore^  fek  thenndvea  at  liberty  to  indvlga 
their  imaginations  in  gueanng  at  what  miffht  he,  rather  Iban  niqiiiriiig 
what  %$;  in  other  words,  they  employed  themselTes  in  oonjeetariDg 
what  might  bsTe  been  the  eouM  of  natare  at  a  remote  penod,  rather 
than  in  the  investigation  of  what  waa  tbe  eonrBo  of  natwe  in  their  own 
times. 

It  appeared  to  them  more  philosophical  to  specnlnte  on  the  poaifail- 
ities  of  the  past,  than  patiently  to  explore  the  realities  of  tbe  present ; 
and  having  invented  theories  under  the  influence  of  such  maxims,  they 
were  consistently  unwilling  to  test  their  validity  by  the  criterion  of  their 
accordance  with  the  ordinary  operations?  of  nature.  On  the  contrary, 
the  claims  of  each  nrw  hypothesis  to  credibility  appeared  enhanced  by 
the  great  contra*^ t.  in  kind  or  intensity,  of  the  causes  referred  to*  and 
those  now  in  operation. 

Never  was  tliero  a  dogma  more  calculated  to  foster  indolence,  and 
to  blunt  tlie  keen  edge  of  curiosity,  than  this  assumption  of  the  discord- 
ance between  the  ancient  and  existing  causes  of  change.  It  produced  a 
state  of  mind  unfavorable  in  the  highest  degree  to  the  candid  reception 
of  the  evidence  of  those  minute  but  incessant  alterations  which  every 
part  of  the  earth's  surface  is  undergoing,  and  by  whicli  tbe  condition  cC 
its  Bving  inhabitants  is  conthiually  made  to  vary.  The  student^  instead 
of  being  encouraged  with  the  hope  of  interpreting  the  enigmas  presented 
to  him  in  the  earth's  structure, — ^instead  of  being  prompted  to  under- 
take laborious  inqumes  into  the  natural  histoiy  of  the  organic  woild,  and 
the  complicated  effiMSIs  of  the  igneous  and  aqueous  causes  now  In  oper- 
ation, was  taught  to  despond  from  the  firsts  Qeology,  it  was  affirmed, 
could  never  rise  to  the  lank  of  an  exact  science, — the  greater  number  of 
phenomena  must  forever  remain  inexplicable,  or  only  be  p;irtially  eluci- 
dated by  ingenious  conjectures.  Even  the  mystery  whbh  invested  the 
8ubj<'ct  was  said  to  coastitute  one  of  its  principal  charms,  affording,  as  it 
did,  full  scope  to  the  fancy  to  indulge  in  a  boundless  6eld  of  (^peculation. 

Tlie  course  directly  opposed  to  this  method  of  philosophizing  consist"? 
in  aa  earnest  and  patient  inquiry,  how  far  tycnln'rical  appearancf^  nre 
reconcilable  with  the  effect  of  clianges  now  in  progress,  or  whicli  may 
be  in  progress  in  regions  inaroessible  to  us,  and  of  which  tlie  i  - .Uifv  i? 
attested  by  volcant->es  and  subterranean  movements.  It  also  *  ndi  avors 
to  estimate  the  aggregate  result  of  ordinary  operations  niiiltiplii  d  by 
time,  and  cherishes  a  sanguine  hope  tliit  the  resources  to  be  derivod 
from  observation  and  experiment,  or  from  the  study  of  nature  such  a.s 
she  now  is,  arc  very  fiir  from  being  exhausted.  For  this  reason  all 
theories  are  rejected  which  involve  the  assumption  of  sudden  and  violent 
catastrophes  and  rerohifionB  ctf  the  whole  earth,  and  its  InhalnlaittB, — 
theories  which  are  restrained  by  no  reference  to  existing  analogies,  and 
in  which  a  desire  is  manifested  to  eat»  intber  than  patiently  to  unties  <ha 
Gotdkmknot. 
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We  have  now,  at  least,  the  advantage  of  knowing,  from  experience, 
that  an  opposite  method  has  always  put  geologists  on  the  road  that 
leads  to  truth, — suggesting  views  which,  although  imperfect  at  first, 
have  been  found  capable  of  improvement,  until  at  last  adopted  by  uni- 
versal consent ;  while  the  method  of  speculating  on  a  former  distinct 
state  of  things  and  causes,  has  led  invariably  to  a  multitude  of  contm- 
dictory  systems,  which  have  been  overthrown  one  after  the  other, — have 
been  found  incapable  of  modification, — and  which  have  often  required 
Vo  be  precisely  reversed. 

The  remainder  of  this  work  will  be  devoted  to  an  investigation  of  the 
changes  now  going  on  in  the  crust  of  the  earth  and  its  inhabitants. 
The  importance  which  the  student  will  attach  to  such  researches  will 
mainly  depend  in  the  degree  of  confidence  which  he  focis  in  the  prin- 
ciples above  expounded.  If  he  firmly  believes  in  the  resemblance 
or  identity  of  the  ancient  and  present  system  of  terrestrial  changes,  he 
will  regard  every  fact  collected  respecting  the  causes  in  diurnal  action 
as  affording  him  a  key  to  the  interpretation  of  some  mystery  in  the 
past.  Events  which  have  occurred  at  the  most  distant  periods  in 
the  animate  and  inanimate  world,  will  be  acknowledged  to  throw  light 
on  each  other,  and  the  deficiency  of  our  information  respecting  some 
of  the  most  obscure  parts  of  the  present  creation  will  be  removed.  For 
as,  by  studying  the  external  configuration  of  the  existing  land  and  its 
inhabitants,  we  may  restore  in  imagination  the  appearance  of  the  an- 
cient continents  which  have  passed  away,  so  may  we  obUiin  from  the 
deposits  of  ancient  seas  and  lakes  an  insight  into  the  nature  of  the  sub- 
aqueous processes  now  in  operation,  and  of  many  forms  of  organic  life, 
which,  though  now  existing,  are  veiled  from  sight.  Rocks,  also,  pro- 
duced by  subterranean  fire  in  former  ages,  at  great  depths  in  the  bowels 
of  the  earth,  present  us,  when  upraised  by  gradual  movements,  and 
nposed  to  the  light  of  heaven,  with  an  image  of  those  changes  which 
ll>e  deep-seated  volcano  may  now  occasion  in  the  nether  regions, 
fhub  although  we  are  mere  sojourners  on  the  surface  of  the  planet, 
chained  to  a  mere  point  in  space,  enduring  but  for  a  moment  of  time, 
the  human  mind  is  not  only  enabled  to  number  worlds  beyond  the 
wwaisted  ken  of  mortal  eye,  but  to  trace  the  events  of  indefinite 
igw  before  the  creation  of  our  race,  and  is  not  even  withheld  from 
penetrating  into  the  dark  secrets  of  the  ocean,  or  the  interior  of  the 
solid  globe ;  free,  like  the  spirit  which  the  poet  described  as  animatini; 
die 

— — —  ire  per  omnes 
Ternwque,  troctuaque  moria,  ca-Iuniquo  profundam. 
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CHAPTER  XIV. 

Division  of  the  subject  into  changes  of  the  organic  and  inoi^«nii  world — loor* 
ganic  causes  of  change  divided  into  aqueous  and  igneous — Aque<niS  cnosefl  fir»t 
considered — Fall  of  rain — Recent  rain-prints  in  mud — Destroying  and  tran»- 
porting  power  of  running  water — Newly  formed  valleys  in  Georgia — Sinuosi- 
ties of  rivers — Two  streams  when  united  do  not  occupy  a  bed  of  double  8ur£u» 
— Inundations  in  Scotland — Floods  caused  by  landeli]>8  in  the  White  Moun* 
tains — Bursting  of  a  lake  in  Switzerland — Devastations  canscd  by  the  Anio  at 
Tivoli — Excavations  in  the  lavas  of  Etna  by  Sicilian  rivers — Gorge  of  the 
Sime to— Gradual  recession  of  the  ca^iaraat  of  Niagara. 

Division  of  the  subject. — Gkolooy  was  defined  to  be  the  science 
which  investigates  the  former  changes  that  have  taken  place  in  the 
organic  as  well  as  in  the  inorganic  kingdoms  of  nature.  As  vicissitudes 
in  the  inorganic  world  are  most  apparent,  and  as  on  them  all  fluctua- 
tions in  the  animate  (y^ation  must  in  a  great  measure  depend,  they 
may  claim  our  first  consideration.  The  great  agents  of  change  in  the 
inorganic  world  may  be  divided  into  two  principal  classes,  the  aqueous 
and  the  igneous.  To  the  aqueous  belong  Rain,  River*,  Torrents, 
Springs,  Currents,  and  Tides ;  to  the  igneous,  Volcanoes,  and  Earth- 
quakes. Both  these  classes  are  instruments  of  decay  as  well  as  of 
reproduction ;  but  they  may  also  be  regarded  as  antagonist  forces. 
For  the  aqueous  agents  are  incessantly  laboring  to  reduce  the  inequal- 
ities of  the  earth's  surface  to  a  level  ;  while  the  igneous  are  equally 
active  in  restoring  the  unevenness  of  the  external  crust,  partly  by  heap- 
ing up  new  matter  in  certain  localities,  and  partly  Dy  depressing  one 
portion,  and  forcing  out  another,  of  the  earth's  envelope. 

It  is  difficult,  in  a  scientific  arrangement,  to  give  an  acc  irat«  view 
of  the  combined  effects  of  so  many  forces  in  simultaneous  operation ; 
because,  when  we  consider  them  separately,  we  cannot  easily  estimate 
either  the  extent  of  their  efiicacy,  or  the  kind  of  results  ^rhich  they 
produce.  We  are  in  danger,  therefore,  when  we  attempt  to  examine 
the  influence  exerted  singly  by  each,  of  overlooking  the  modifications 
which  they  produce  on  one  another ;  and  these  are  so  cc  mplicated, 
that  sometimes  the  igneous  and  aqueous  forces  co-operate  to  produce 
'i  joint  effect,  to  which  neither  of  them  unaided  by  the  other  could 
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give  rise, — as  when  repeated  earthquakes  unite  with  running  water 
to  widen  a  valley;  or  when  a  thermal  spring  rises  up  from  a  great 
depth,  and  conveys  the  mineral  ingredients  with  which  it  is  impreg- 
nated from  the  interior  of  the  earth  to  the  surface.  Sometirties  the 
organic  combine  with  the  inorganic  causes ;  as  when  a  reef,  composed 
of  shells  and  corals,  protects  one  line  of  coast  from  the  destroying 
power  of  tides  or  currents,  and  turns  them  against  some  other  point ; 
or  when  drift  timber,  floated  into  a  lake,  fills  a  hollow  to  which  the 
blream  would  not  have  had  sufiicient  velocity  to  convey  earthy  sedi- 
ment. 

It  b  necessary,  however,  to  divide  our  observations  on  these  various 
causes,  and  to  classify  them  systematically,  endeavoring^  as  much  as 
possible  to  keep  in  view  that  the  effects  in  nature  are  mixed  and  not 
aimple,  as  tliey  may  appear  in  an  artificial  arrangement. 

In  treating,  in  the  first  place,  of  the  aqueous  causes,  we  may  con- 
sider them  under  two  divisions  ;  first,  those  which  are  connected  with 
the  circulation  of  water  from  the  land  to  the  sea,  under  which  are  in- 
•  eluded  all  the  phenomena  of  rain,  rivers,  glaciers,  and  springs ;  second-  « 
ly,  those  which  arise  from  the  movements  of  water  in  lakes,  seas,  and 
the  ocean,  wherein  are  comprised  the  phenomena  of  waves,  tides,  and 
currents.  In  turning  our  attention  to  the  former  division,  we  find  that 
the  eflPects  of  rivers  may  be  subdivided  into,  first,  those  of  a  destroying 
and  transporting,  and,  secondly,  those  of  a  renovating  nature ;  in  the 
former  are  included  the  erosion  of  rocks  and  the  transportation  of  mat- 
ter to  lower  levels ;  in  the  renovating  class,  the  formation  of  deltas  by 
the  influx  of  sediment,  and  the  shallowing  of  seas  ;  but  these  processes 
are  so  intimately  related  to  each  other,  that  it  will  not  always  be  possi- 
ble to  consider  them  under  their  separate  heads. 

Fall  of  Rain. — It  is  well  known  that  the  capacity  of  the  atmosphere 
to  absorb  aqueous  vapor,  and  hold  it  in  suspension,  increases  with  every 
increment  of  tertiperature.  This  capacity  is  also  found  to  augment  in  a 
higher  ratio  than  the  augmentation  of  the  heat.  Hence,  as  was  first 
suggested  by  the  geologist.  Dr.  Hutton,  when  two  volumes  of  air,  of 
different  temperatures,  both  saturated  with  moisture,  mingle  together, 
clouds  and  rain  are  produced,  for  a  mean  degree  of  heat  having  resulted 
from  the  union  of  the  two  moist  airs,  the  excess  of  vapor  previously 
held  in  suspension  by  the  warmer  of  the  two  is  given  out,  and  if  it  be  in 
suflRcient  abundance  is  precipitated  in  the  form  of  rain. 

As  the  temperature  of  the  atmosphere  diminishes  gradually  from  the 
equator  towards  the  pole,  the  evaporation  of  water  and  the  quantity  of 
rain  diminish  also.  According  to  Humboldt's  computation,  the  aver- 
age annual  depth  of  rain  at  the  equator  is  90  inches,  while  in  lat.  45* 
it  is  only  29  inches,  and  in  lat.  60°  not  more  than  1 7  inches.  But 
there  arc  so  many  disturbing  causes,  that  the  actual  discharge,  in  any 
given  locality,  may  deviate  very  widely  from  this  rule.  In  England,  for 
example,  where  the  average  fall  at  London  is  24  J  inches,  as  ascertained 
*t  the  Greenwich  Observatory,  there  is  such  irregularity  in  some  dis- 
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tricts,  tliat  while  at  Whitelmven,  in  Cumberland,  there  fell  in  1 849,  32 
inches,  the  quantity  of  rain  in  Borrowdale,  near  Keswick  (only  15  milep 
to  the  westward),  was  no  less  than  142  inches!*  In  like  manner,  in 
India,  Colonel  Sykes  found  by  observations  made  in  1847  and  1848, 
that  at  places  situated  between  17°  and  18**  north  lat.,  on  a  line  drawn 
acrriss  the  Western  Ghauts  in  the  Deccan,  the  fall  of  rain  varied  from 
21  to  219  inches.f  The  annual  average  in  Bengal  is  probably  below 
80  inches,  yet  Dr.  G.  Hooker  witnessed  at  C hurra poonjee,  in  the  year 
1850,  a  fall  of  30  inches  in  24  hours,  and  in  the  same  place  :?uring  u 
residence  of  six  months  (from  June  to  November)  530  inches!  This 
occurred  on  the  south  face  of  the  Khasia  (or  Oarrow)  mountains  in 
Eastern  Bengal  (see  map.  Chap,  XVIII.),  where  ti.e  depth  during  th<> 
whole  of  the  same  year  probably  exceeded  600  inches.  So  extraordi- 
nary a  discharge  of  water,  which,  as  we  shall  presently  see,  is  very  lo- 
cal, may  be  tlius  accounted  for.  Warm,  southerly  winds,  blowing  over 
the  Bay  of  Bengal,  and  becoming  laden  with  vapor  during  their  pas- 
sage, reach  the  low  level  delta  of  the  Ganges  and  Brahmapootra,  where 
•  the  ordinary  heat  exceeds  that  of  the  sea,  and  where  evaporation  is  con- 
Ktantly  going  on  from  countless  marshes  and  the  arms  of  the  great 
rivers.  A  mingling  of  two  masses  of  damp  air  of  different  temperatures 
probably  causes  the  fall  of  70  or  80  inches  of  rain,  which  tiikes  place 
^  on  the  plains.    The  monsoon  having  crossed  the  delta,  impinges  on  the 

Khasia  mountains,  which  rise  abruptly  from  the  plain  to  a  mean  eleva- 
tion of  between  4000  and  6000  feet.  Here  the  wind  not  only  encoun- 
ters the  cold  air  of  the  mountains,  but,  what  is  far  more  eftective  as  a 
rcfrigeniting  cause,  the  aerial  current  is  made  to  flow  upwards,  and  to 
ascend  to  a  height  of  several  thousand  feet  above  the  sea.  Both  the 
air  and  the  vapor  contained  in  it,  being  thus  relieved  of  much  atmo- 
spheric pressure,  expand  suddenly,  and  are  cooled  by  rarefaction.  The 
vaj)or  is  condensed,  and  about  600  inches  of  rain  are  thrown  down  an- 
nuiJly,  nearly  twenty  times  as  much  as  falls  in  Great  ©ritJiin  in  a  year, 
and  almost  all  of  it  poured  down  in  six  months.  The  channel  of  every 
torrent  and  river  is  swollen  at  this  se<ison,  and  much  sandstone  horizon- 
tally stnitified,  and  other  rocks  are  reduced  to  sand  and  gravel  by  the 
flooded  streams.  So  great  is  the  superficial  waste  (or  denudation),  that 
what  would  otlierwise  be  a  rich  and  luxuriantly  wooded  region,  is  con- 
verted into  a  wild  and  barren  moorland. 

AfttT  the  current  of  warm  air  has  been  thus  drained  of  a  large  por- 
tion of  its  raoisture,  it  still  continues  its  northerly  course  to  the  opposite 
flank  of  the  Khasia  range,  only  20  miles  farther  north,  and  here  the 
fall  of  min  is  reduced  to  70  inches  in  the  year.  The  same  wind  then 
blows  northwards  across  the  valley  of  the  Bndimapootra,  and  at  length 
arrives  so  dry  and  exhausted  at  the  Bhootan  Himalaya  (lat.  28^^  N.),  that 
thcee  mountains,  up  to  the  height  of  6000  feet,  are  naked  and  sterile, 
and  all  their  outer  valleys  arid  and  dusty.    The  aerial  current  still  con- 

• 

•  Miller,  Phil.  Trana.  1861,  p.  166. 


f  Phil.  Trana.  1860,  p^  864. 


1M 


BBOSNT  SAIN-PBUnB. 


201 


linuing  its  northerly  course  and  ascending  to  a  higher  region,  becomes 
further  cooled,  condensation  agiun  ensues,  and  BhooUn,  above  500C 
feel,  ifi  densely  clothed  with  vegetation.* 

Id  another  part  of  lodia,  immediately  to  the  westward,  similar  ph^ 
MDCiui  are  repeated.  The  same  warm  and  liumid  winds,  copiously 
clwged  wUk  aqueous  vapor  from  the  Bay  of  Bengal,  hold  their  course 
due  north  for  SOO  miles  across  the  flat  and  hot  plains  of  the  Ganges, 
tin  they  encounter  the  lofty  Sikkim  mountains.  (See  map,  Chap. 
X71II.)  On  the  southern  flank  of  these  ihey  discharge  such  a  deluge 
ef  rain  that  the  rivers  in  the  rainy  season  rise  twelve  feet  in  as  many 
Wen.  Numerous  landslips,  some  of  thenr  extending  three  or  four 
thouMud  feet  along  the  face  of  the  mountains,  composed  of  granite, 
gaess,  and  shite,  descend  into  the  beds  of  streams,  and  dam  them  up 
linr  a  time,  causing  temporary  lakes,  which  soon  burst  their  barriers. 
"Day  and  night,"  says  Dr.  Hooker,  "  we  heard  the  crashing  of  falling 
trees,  and  the  sound  of  boulders  thrown  violently  n-ifFiinst  each  other  in 
the  beds  of  torrents.  By  such  wear  and  tear  rocky  franrments  swept 
down  from  the  hills  are  in  part  converted  into  sand  and  fine  mud  ;  and  • 
{he  turbid  Ganges,  during  its  annual  inundation,  deiives  more  of  its 
M.diment  from  this  source  than  from  the  waste  of  the  fine  clay  of  the 
alluvial  plains  below. f 

On  the  verge  of  the  tropics  a  greater  (quantity  of  rain  falls  annually 
than  at  the  equator.  Yet  parts  even  of  the  tropical  latitudes  are  en- 
tirely destitute  of  rain :  Peru,  for  example,  which  owes  its  vegetation 
Mkly  to  rivets  and  nightly  dews.  In  tliat  country  easterly  winds  pre* 
vh!,  blowing  from  the  Pacific,  and  these  beiog  mtercepted  by  the  Andes, 
sad  eooled  as  thej  rise,  an  made  to  part  with  all  their  moisture  before 
reaching  the  low  region  to  the  leeward.  The  desert  sone  of  North 
Africa,  between  kt.  10®  and  80®  N.,  is  another  instance  of  a  rsinless 
tvgion.  Five  or  six  consecutive  years  may  pass  in  Upper  Egypt,  Knbia, 
tad  Dongola,  or  in  the  Desert  of  Sahara,  without  rain. 

From  the  facts  above  mentioned,  the  reader  will  infer  that  in  the 
course  of  successive  geological  periods  there  will  be  great  vari^ioos  io 
the  quantity  of  rain  falling  in  one  and  the  same  region.  At  one  time 
ihere  may  b*^  n^tne  whatever  during  the  whole  year ;  at  another  a  fall 
of  100  or  SOU  mches;  and  these  two  last  averages  may  occur  on  the 
two  oppo>ite  flanks  of  a  mountain-chain,  not  more  than  20  miles  wide. 
Whi}<»,  therefore,  the  valleys  in  one  district  are  widened  and  deepened 
anaually,  they  may  remain  stationary  in  another,  the  superficial  soil 
htmg  protected  from  waste  by  a  dense  covering  of  vegetation.  This 
diversity  depends  on  many  geographical  circumstinces,  but  principally 
on  the  height  of  the  land  above  the  sea,  the  direction  of  the  prevailing 
wmdsir  and  the  rsbtive  position,  at  the  time  being,  of  the  plains,  hills, 
and  the  ocean,  conditions  all  of  which  are  liable  ui  the  ooune  of  ages  to 
iwdsego  a  complete  ravolution. 
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Recent  rain-prints. — "W  hen  Cxaminlno-,  in  1842,  tlic  ext-  nsive  mnd- 
flats  of  Nova  Scotia,  which  are  exposed  at  low  tide  on  the  boi  tJrrr.  oi 
the  B.iy  of  Fundy,  I  observed  not  only  the  foot-prints  of  birds  v%  liich 
had  iccenll)  pulsed  over  the  mud,  but  also  very  distinct  impressions  of 
rain-drops.     A  peculiar  combination  of  circumstances  renders  these 
mud-flats  admirably  fitted  to  receive  and  retain  anj  markings  wlueh 
may  happen  to  he  made  ,00  their  suffiiee.  The  aedimeiit  with  wlueh 
the-watais  ate  tibtOFged  is  extremely  fine,  being  deiwed  from  the  destrne^ 
tbn  of  difib  of  Md  aandstone  and  ehale,  and  as  the  tides  rise  filly  feet 
and  upwatds,  large  azeas  are  laid  dry  for  neatly  a  fortnight  between  the 
spring  and  neap  tides.  In  this  interval  the  mud  Is  baked  in  smnmer 
by  a.  hot  snn»  ao  that  it  solidifies  and  becomes  tnwened  by  6iaeks» 
caused  by  shrinkage.   Portions  of  the  hardened  mud  between  these 
cracks  may  then  be  taken  up  and  removed  without  injury.  On  exntnni- 
ii^  the  edges  oi  each  slab,  we  observe  numerous  layers,  formed  by 
successive  tides,  each  layer  being  usually  very  ttun,  sometimes  only 
one-tenth  of  an  inch  thick.    When  a  shower  of  rain  falls,  the  highest 
portion  of  the  mud-covered  flat  is  usually  too  hard  to  receive  any  im- 
pressions ;  while  that  recently  uncovered  by  the  tide  near  the  water's 
edge  is  too  soft.    Between  these  areas  a  zone  occurs,  almost  as  smooth 
and  even  as  a  looking-glass,  on  whioh  every  drop  forms  a  cavity  of  cir- 
cular or  oval  form,  and.  if  the  sliower  be  transient,  these  pits  retain 
their  shape  penmintnily,  being  dried  by  the  sun,  and  being  then  too 
tirm  to  be  effaced  by  the  action  of  the  succeeding  tide,  which  deposits 
upon  them  a  new  layer  ol  nmd.    Hence  we  often  find,  in  splitting  open 
a  slab  an  inch  or  more  thick,  on  the  upper  surface  of  which  the  marks 
of  leoent  lam  oeemv  that  an  inferior  layer,  deposited  during  some  pre- 
vious rise  of  the  tide^  exhibits  on  Its  under  side  perfect  easts  of  rain- 
prints,  whicH  stand  out  in  relief,  the  moulds  of  the  same  being  seen  on 
the  layer  beknr.   But  in  some  cases,  especially  in  the  more  sandy 
layers,  the  nurkings  have  been  somewhat  blunted  by  the  tide,  aad  by 
seveiel  niin-prints  having  been  joined  into  one  by  a  repetition  of  drops 
foiling  on  the  same  spot ;  In  which  ease  the  easts  piesent  a  veiy  irregu* 
lac  and  blistered  appeannce. 

The  finest  examples  whicl)  I  have  seen  of  these  rain-printS  were  sent 
to  roe  by  Dr.  Webster,  from  KentviUe,  on  the  borders  of  the  Bay  of 
Mines,  in  Nova  Scotia.  They  were  made  by  a  heavy  shower  which 
fell  on  the  21st  of  July,  1849,  when  the  rise  and  of  the  tides  wore 
at  their  maximum.  The  impressions  (sec  fig^.  13)  consist  of  cup-shaped 
or  homi^phf^rit'al  cavities,  the  average  size  of  which  is  from  onc-eipfhth 
to  (tn»  tunlii  of  an  inch  across,  but  the  largest  are  fully  half  an  inch  in 
diameter,  and  one-tenth  of  an  inch  deep.  The  depth  is  chiefly  below 
the  general  surface  or  plane  of  stratification,  but  the  n  ill-  of  the  cavitv 
consist  partly  of  a  prominent  rim  of  sandy  mud,  formed  of  the  mnttor 
which  has  been  forcibly  expelled  from  the  pit.  All  the  cavities  having 
an  oval  form  are  deeper  at  one  end,  where  they  have  also  a  higher  riro, 
and  all  the  deep  ends  have  the  same  direction,  showing  towards  which 
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quarter  the  wind  was  blowing.  Two  or  more  drops  are  sometimes  seen 
to  hare  iuterfered  with  each  other ;  in  which  case  it  is  usually  possible 
to  determine  which  droD  fell  last,  its  rim  being  unbroken. 


Fig. «. 


BamdI  ralu-prlnts,  formed  July  21.  1M9.  nt  Keriivillo.  Hay  of  Funily,  Nota  Scotlk 
The  arrow  rcprceenta  ihr  dlrecUon  of  the  shower.  * 

•  On  some  of  the  specimens  the  winding  tubular  tracks  of  worms  are 
aeeo,  which  have  been  bored  just  beneath  the  surface  (see  6g.  13,  left 
tide).  They  occasionally  pass  under  the  middle  of  a  rain-mark,  having 
been  formed  subsequently.  Sometimes  the  worms  have  dived  beneath 
the  surface,  and  then  reappeared.  All  these  appearances,  both  of  rain- 
prints  and  worm-tracks,  are  of  great  geological  interest,  as  their  exact 
counterparts  are  seen  in  rocks  of  various  ages,  even  in  formations  of 
very  high  antiquity.*  Small  cavities,  often  corresponding  in  size  to 
those  produced  by  rain,  are  also  caused  by  air-bubbles  rising  up  through 
^nd  or  mud  ;  but  these  differ  in  character  from  rain- prints,  being  usually 
deeper  than  they  are  wide,  and  having  their  sides  steeper.  These, 
indeed,  are  occasionally  vertical,  or  overarching,  the  opening  at  the 
top  being  narrower  than  the  pit  below.  In  their  mode,  also,  of  mutual 
mterference  they  are  unlike  rain-prints.f 

In  consequence  of  the  effects  of  mountains  in  cooling  currents  of  moisi 
air,  and  causing  the  condensation  of  aqueous  vapor  in  the  manner  above 
described,  it  follows  that  in  every  country,  as  a  general  rule,  the  more 
elevated  regions  become  perpetual  reservoirs  of  water,  which  descends 
and  irrigates  the  lower  valleys  and  plains.  The  largest  quantity  of 
water  is  first  carried  to  the  highest  region,  and  then  made  to  descend 
by  steep  declivities  towards  the  sea ;  so  that  it  acquires  superior  velocity, 
and  removes  more  soil,  than  it  would  do  if  the  rain  had  been  dlslributed 
over  the  plains  and  mountains  equally  in  proportion  to  their  relative 

•  See  Manual  of  Geology,  Index,  Rain-printM. 

t  See  Lyell  oo  recent  and  fusail  raina.  Quart.  Joura  OeoL  Soc.  1851,  toL  m 
f  289. 
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areas.  The  water  is  also  made  by  tbeae  meaaa  to  pass  OTer  die  greatest 
distaooes  before  it  ean  regaio  the  sen. 

It  has  ahwdy  been  observed  thai  in  higher  Utitudes,  where  the  At- 
mosphere being  colder  is  capable  of  holding  1^  water  in  suspension, 
a'  dkniiiisbed  fall  of  rain  takes  pla<^.  Thus  at  St.  Petersburg,  the 
amount  is  only  16  inches,  and  at  Uleaborg  in  the  Gnlf  of  Bothnia  (N. 
lilt.  05°),  only  13^  inches,  or  loss  than  half  the  average  of  England,  and 
even  this  small  quanlity  descends  more  slowly  in  the  temperate  zone, 
and  is  spread  mure  equally  over  the  year  than  in  tropical  climates.  But 
in  reference  to  geological  changes,  frost  in  the  colder  latitude  acts  aa  a 
compensating  power  in  the  disintegraliou  of  rocks,  and  the  transportation 
of  stones  to  lower  levels. 

Water  when  converted  into  ice  augments  in  bulk  more  than  one* 
twentieth  of  its  rolnme,  and  owing  to  this  property  it  widens  the  minate 
erevices  (or  joints)  of  rooks  into  which  it  penetrates.  Ice  aiso  in  Tarions 
ways,  as  will  be  shown  in  the  next  chapter,  gives  bnoyancy  to  mnd  and 
sand,  even  to  hnge  blocks  of  'stone»  enabling  rirers  of  modemte-siae  and 
velocity  to  cany  them  to  a  great  distance. 

The  mechanical  force  exerted  by  running  water  in  undwmioing  cliflEB* 
and  rounding  off.the  angles  of  hard  rock,  is  mainly  due  to  the  intermix- 
ture of  foreign  ingredients.  Sand  and  pebbles,  when  hurried  along  by 
the  violence  of  the  stream,  are  thrown  against  every  obstacle  lying  in- 
their  way,  and  thus  a  power  of  attrition  is  arquirorl,  rapablo  of  wenring 
through  the  hardest  siliceous  stones,  on  winch  water  alone  could  make 
no  impression. 

Newly  formed  valleys. — When  travelling  in  Georgia  and  Alabama,  in 
1846,  I  saw  in  both  those  States  the  commencement  of  hundi  tds  of 
valleys  in  places  where  the  native  forest  had  recently  been  removed. 
One  of  these  newly  formed  gnlleys  or  ravines  is  represoited  in  the  an- 
nexed woodout  (fig.  14),  from  a  drawing  which  I  made  on  the  spot. 
It  occurs  three  miles  and  a  half  due  west  of  MiUedgevilK  the  capital 
of  Geoigia,  and  is  situated  on  the  form  of  Pomona,  on  the  direct  road 
to  Maoon,* 

Twenty  years  ago,  before  the  land  was  cleared,  it  had  no  eziBtenee; 
but  when  the  trees  of  the  forest  were  cut  down,  cracks  three  feet  deep 
were  caused  by  the  siin's  heat  in  the  clay ;  and,  during  the  rains,  a  sud* 
den  rush  of  water  through  the  principal  crack  deepened  it  at  its  lower 

extreraitv,  from  whence  the  excavating  power  worked  backwards,  till, 
m  the  course  of  twenty  years,  a  chasm,  measuring  no  less  than  65  feet 
in  depth,  300  yards  in  length,  and  varying  in  width  from  20  to  180 
f*'et,  was  the  result.  The  high  road  has  been  several  times  turned  to 
avoid  this  cavity,  the  enlargement  of  which  is  still  proceeding,  and  the 
old  ime  of  road  may  be  seen  to  have  held  its  course  directly  over  what 
is  now  the  wildest  part  of  the  ravine.  In  the  perpendicular  walls  of  this 
great  chasm  appear  beds  of  clay  and  sand,  red,  white,  yellow,  and 


•  I^s  Seoood  Viiit  to  the  United  Statei^  IM6^  veL  IL  p.  91 


CiXIT  , 


BmUOSITIEa  OF  RIVEBS. 


20A 


Ftic  14. 


Ctrtne  oa  the  rami  of  Pomona,  near  Mil!e>l|^ville,  Georgia,  as  It  ap|>eared  Janaarj,  ISM. 


Sxcavaled  in  twenty  /cars,  55  feet  deep,  and  ISO  feet  broad. 

green,  produced  by  the  decomposition  in  situ  of  hornblcndic  gneiss,  with 
layers  and  veins  of  quartz,  which  remain  entire,  to  prove  that  the  whole 
mass  was  once  solid  and  crystalline. 

I  infer,  from  the  rapidity  of  the  denudation  which  only  began  here 
after  the  removal  of  the  native  wood,  that  this  spot,  elevated  about 
600  feet  above  the  sea,  has  been  always  covered  with  a  dense  forest, 
from  the  remote  time  when  it  first  emerged  from  the  sea.  The  termi- 
nation of  the  cavity  on  the  right  hand  in  the  foreground  is  the  head 
or  upper  end  of  the  ravine,  and  in  almost  every  case,  such  guUcys  are 
lengthened  by  the  streams  cutting  their  way  backwards.  The  depth 
&t  the  upper  end  is  often,  as  in  this  case,  considerable,  and  there  Is 
usually  at  thb  point,  during  floods,  a  small  cascade. 

Sinuosities  of  rivers. — In  proportion  as  such  valleys  are  widened, 
Kinaosities  are  caused  by  the  deflection  of  the  stream  first  to  one  eklu 
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tnd  then  to  the  other.  The  unequal  hardness  of  the  materiak  through 
which  the  channel  is  eroded  tends  partly  to  give  n«^w  directions  to  the 
lateral  force  of  excavation.  When  by  these,  or  hy  accidental  shiftinga 
of  the  alluvial  matter  in  the  channel,  the  current  is  made  to  cross  its 
general  line  of  descent,  it  eats  out  a  curve  in  the  opposite  bank,  or  in 
the  side  of  the  hills  bounding  the  valley,  from  which  curve  it  is  turned 
back  again  at  an  equal  angle,  so  that  it  recrosses  the  line  of  descent, 
and  gradually  hollows  out  another  curve  lower  down  in  the  opposite 
bank,  till  the  whole  aides  of  the  vallej,  or  river  bed,  jpresent  a  aueces* 
skm  of  salient  and  retiring  angles^  Among  the  eaofces  of  deviataoii 
from  a  straight  coiqrse,  by  which  torrents  and  rivers  tend  in  moontein- 
ons  regions  to  widen  the  valleys  through  which  they  flow,  may  be  men- 
tioned the  oonfluenee  of  lateral  torrents,  swollen  bregniarly  at  different 
seasons  by  partial  stonna,  and  discharging  at  different  times  unequal 
quantities  of  sand,  mud,  and  pebbles,  into  the  main  channel. 

When  the  tortuous  fleiures  of  a  river  are  extremely  great,  as  often 
happens  in  alluvial  jdains,  the  aberration  from  the  din  rt  line  of  descent 
may  be  restored  by  the  river  cutting  through  the  isthmus  which  Rr>pi. 
rates  two  neighboring  curves.  Thus  in  the  annexed  diagram,  tlie 
cuctreme  Lmuosity  of  the  river  has  caused  it  to  return  for  a  brief  space 

Fig.  10. 


hi  a  contrary  direction  to  ita  main  course,  so  that  a  peninsula  is  fonned, 
and  the  isthmus  (at  a)  is  consumed  on  both  sides  by  cuiienta  flowing  in 
opposite  directions^  In  tlua  case  an  island  is  soon  formed, — on  ^ther 
side  of  which  a  portion  of  the  stream  usually  remains. 

JVantportin^  power  of  mtter.^ln  TcgiiTd  to  the  tranaporting  power 
of  wat^r,  we  may  often  be  surprised  at  the  facility  with  which 
streams  of  a  small  size,  and  descending  a  slight  declivity,  bear  along 
coarse  sand  and  gravel  :  for  we  usually  e5.tim;itc  the  weight  of  rocks 
in  air,  and  do  not  reflect  on  their  comparative  buovnncv  when  sub- 
merged in  a  denser  fluid.  The  specific  gravity  of  many  rocks  is  not 
more  than  tv^ice  that  of  water,  and  very  rarely  more  than  thnce,  so 
thiit  almost  all  the  fragments  proj)elk'd  by  a  stream  have  lout  a  third, 
and  many  of  them  a  half,  of  what  we  usually  term  their  weight. 

It  has  been  proved  by  experiment,  in.  contradiction  to  the  theories 
of  the  earlier  writers  on  hydrostatics^  to  be  a  untvefaal  kw,  regulating 
the  motion  of  mnnlag  water,  that  the  velocity  at  the  bottom  ei  the 
stream  ia  eveiywhers  less  than  in  any  part  above  it»  and  is  greatest  at 
the  auifaoe.  Also  that  the  superficial  particlea  m  the  middle  of  tht 
stream  move  swifter  than  those  at  the  sides.  This  retardation  of  the 
lowest  and  lateral  currents  is  produced' by  friction;  and  when  the 
vdoci^  is  sufficiently  great*  the  soil  eompoemg  the  sides  and  bottom 
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gives  way.  A  velocity  of  three  inches  per  second  at  the  bottom  is 
ascertained  to  be  sufficient  to  tear  up  fine  clay, — six  inches  per  second, 
fine  sand, — twelve  inches  per  second,  fine  gravel, — and  three  feet  per 
second,  stones  of  the  size  of  an  egg.* 

When  this  mechanical  power  of  running  water  is  considered,  we  are 
prepared  for  the  transportation  before  alluded  to  of  large  quantities  of 
gravel,  sand,  and  mud,  by  torrents  which  descend  from  mountainous 
regions.  But  a  question  naturally  arises.  How  the  more  tranquil  rivers 
of  the  valleys  and  plains,  flowing  on  comparatively  level  ground,  can 
remove  the  prodigious  burden  which  is  discharged  into  them  by  their 
numerous  tributaries,  and  by  what  means  they  are  enabled  to  convey 
the  whole  mass  to  the  sea  ?  If  they  had  not  this  removing  power, 
their  channels  would  be  annually  choked  up,  and  the  valleys  of  the 
lower  country,  and  plains  at  the  base  of  mountain-chains,  would  be 
continually  strewed  over  with  fragments  of  rock  and  sterile  sand.  But 
this  evil  is  prevented  by  a  general  law  regulating  the  conduct  of  run- 
ning water, — that  two  equal  streams  do  not,  when  united,  occupy  a 
bed  of  double  surface.  Nay,  the  width  of  the  principal  river,  after  the 
junction  of  a  tributary,  sometimes  remains  the  same  as  before,  or  is 
even  lessened.  The  cause  of  this  apparent  paradox  was  long  ago 
explained  by  the  Italian  writers,  who  had  studied  the  confluence  of  the 
Po  and  its  feeders  in  the  plains  of  Lom hardy. 

The  addition  of  a  smaller  river  augments  the  velocity  of  the  main 
stream,  often  in  the  same  proportion  as  it  does  the  quantity  of  water. 
Thus  the  Venetian  branch  of  the  Po  swallowed  up  the  Ferranese 
branch  and  that  of  Panaro  without  any  enlargement  of  its  own  dimen- 
nons.  The  cause  of  the  greater  velocity  is,  first,  that  after  the  union 
of  two  rivers  the  water,  in  place  of  the  friction  of  four  shores,  has 
only  that  of  two  to  surmount;  2dly,  because  the  main  body  of  the 
Blream  being  farther  disUint  from  the  banks,  flows  on  with  less  inter- 
ruption ;  and  lastly,  because  a  greater  quantity  of  water  moving  more 
swiftly,  digs  deeper  into  tlic  river's  bed.  By  this  beautiful  adjustment, 
the  water  w^hich  drains  the  interior  country  is  made  continually  to 
occupy  less  room  as  it  approache^s  the  sea ;  and  thus  the  most  valuable 
part  of  our  continents,  the  rich  delt;\s  and  great  alluvial  plains,  are  pre- 
vented from  being  constantly  under  water. 

River  Jloods  in  Scotland,  1829. — Many  remarkable  illustrations  of 
the  power  of  running  water  in  moving  stones  and  heavy  materials  were 
afforded  by  the  storm  and  floods  w^hich  occurred  on  the  3d  and  4th 
of  August,  1829,  in  Aberdeenshire  and  other  counties  in  Scotland. 
The  elements  during  this  storm  assumed  all  the  characters  which  mark 
the  tropical  hurricanes  ;  the  wind  blowing  in  sudden  gusts  and  whirl- 
winds, the  lightning  and  thunder  being  such  as  is  rarely  witnessed  in 
cur  clnnate,  and  heavy  rain  falling  without  intermission.  The  floods 
extended  almost  simultaneously,  and  with  equal  violence  over  that  part 
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of  l!ie  nortbeast  of  Scotland  which  -would  be  cut  off  by  two  lin^ 
drawn  from  the  head  of  Lochrannoch,  one  towards  Inverness  and  the 
Other  to  Stonehaven.  The  united  line  of  the  different  ri%*ers  which 
were  flooded,  could  not  bo  less  than. from  five  to  six  hundred  miles  in 
length ;  and  the  whole  of  their  coui-scs  were  marked  by  the  destruc- 
lion  of  bridges,  roads,  crops,  and  buildings.  Sir  T.  D.  Linte  baa 
recorded  tbe  destruction  of  tbirty-eight  bndges,'and  the  entire  obUter- 
atton  of  a  great  number  of  farms  and  hamlets.  On  the  Naiin,  a  frag- 
ment of  sandstone,  fourteen  feet  long  by  three  feet  wide  and  one  foot 
thick,  was  carried  above  200  yards  down  the  river.  Some  new  ravines 
were  formed  on  the  sides  of  mountains  whers  no  streams  had  previons- 
]y  flowed,  and  ancient  river-channeb,  which  had  never  been  filled  from 
iimc  immemorial,  gave  passage  to  a  copious  flood.  ^ 

The  bridge  over  the  Dee  at  Ballater  consisted  of  five  arches,  having 
upon  the  whole  a  water-way  of  260  feet.  The  bed  of  the  river,  on  which 
the  piers  rested,  was  composed  of  rolled  pieces  of  irranite  and  gneitS. 
Tlie  bridf^e  was  built  of  granite,  and  had  'stood  uninjured  for  twenty 
years;  but  the  different  parts  wer*'  swept  away  in  succession  bv  tht* 
flood,  and  the  whole  mass  of  uuisonry  disappeared  in  the  bed  of  the 
river.  "Thf  river  Don,"  observes  ^fr.  Farquharson,  in  his  account  ot 
the  inuiuliiu»»iis,  "lias  upon  my  own  pieniibfes  forced  a  mass-of  four  or 
five  Imudied  tons  of  stones,  many  of  them  two  or  three  hundred  pounds* 
weipfht,  up  an  inclined  plane,  rising  six  feet  in  eight  or  ten  yards,  and 
left  thera  in  a  rectangular  heap,  about  three  feet  deep  on  a  flat  ground  : 
—the  heap  ends  abruptly  at  its  lower  extremity."! 

The  power  even  of  a  small  rivulet,  when  swollen  by  nin,  in  remov- 
ing heavy  bodies,  was  exemplified  in  August,  1827,  in  the  College,  a 
smsll  stream  which  flows  at  a  slight  declivity  from  the  eastern  water- 
shod  of  ther  Cheviot  Hills.  Several  thousand  tons'  weight  of  gravel  and 
sand  were  transported  to  the  pUun  of  the  Till,  and  a  bridge,  then  in 
progress  of  building,  was  carried  away,  some  of  the  areh-stooea  oi 
which,  weighing  from  half  to  three  quarters  of  a  ton  each,  were  pro- 
pelled two  miles  down  the  rivulet.  On  the  same  occasion,  the  current 
tore  away  from  the  abutment  of  a  mill-dam  a  large  block  fji  greenstone* 
porphyry,  weighing  nearly  two  tons,  and  transported  it  to  the  distance 
of  a  quarter  of  a  mile.  Instances  are  related  as  occurring  repeatedly, 
in  which  from  one  to  three  thousand  tons  of  g^nivel  arc,  in  like  manner, 
removed  by  this  streamlet  to  still  greater  distances  in  one  dav.| 

FIo(mU  cauii^  by  laudi$lips.  1826.^ — The  power  w  hich  running  water 
may  exert  in  the  lapsf*  of  ages,  in  widening  and  deepening  a  vallev, 
does  not  so  nuich  depend  on  the  volume  and  velocity  of  the  slreain 
iLNually  flowing  iu  it.  as  on  the  number  and  magnitude  of  the  ob?»truc- 
lioQs  which  have,  at  diflt  rent  periods,  opposed  its  free  pass,ige.  If  a 
tmrent,  however  small,  be  effectually  dammed  up,  the  w&  of  die  valley 

•  StrT.  D.  LauJ.T\  Aov^>nnt  of  tin-  Greixt  Fl.>x!<  in  MnrmyAifff^  Alport,  18M 
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Above  the  barrier,  md  its  declivity  below,  and  not  the  dimensions  of 
ibe  torrent,  ^vill  (Ictcrminn  the.  violence  of  the  debacle.  The  nooet  uni- 
ven^il  source  of  local  deluges,  arc  landslips,  sliHpf?,  or  nveilanches,  as 
th<>\  are  sometimes  called,  when  great  masses  of  rock  and  soil,  or  smne- 
uoaes  ice  and  snow,  are  precipitated  into  the  bed  of  a  river,  the  bounJ- 
WT  cliffs  of  which  have  be^i  thrown  down  l)v  the  shock  of  an  earth- 
quake, or  undermined  by  springs  or  other  causes.  Volumes  might  be 
nlied  with  the  enumeration  of  instances  on  record  of  these  terrific  catas> 
tropbes ;  I  shall  therefore  select  a  few  examples  of  recent  occurrence, 
the  foots  of  which  are  well  authenticated. 

Two  diy  seasons  in  the  White  Mountams»  in  Kew  Hampshire  (United 
fitsles),  were  followed  hy  heavy  rsuis  on  the  28th  August,  1826,  when 
from  the  steep  and  lofty  declivities  which  rise  abruptly  on  both  sides  of 
the  river  Saco,  innumerable,  rocks  and  stcnes,  many  of  sufficient  size  to 
fill  a  common  apartment^  were  detached,  and  in  their  descent  swept 
dowD  before  them,  in  one  promiscuous  and  frightful  ruin,  forests,  shrubs, 
and  the  earth  which  sustained  them.  Although  there  are  numerous 
indications  on  the  steep  sides  of  these  hills  of  former  slides  of  the  same 
kind,  yet  no  tradition  had  be«'n  handed  down  of  any  similar  cHUu«tropht' 
within  the  memory  of  man,  and  the  growth  of  tht?  forest  on  the  very 
spots  now  devastated,  clearl)  .slunved  that  for  a  long  interval  nothing 
similaf  had  occurred.  One  of  these  moving  masses  was  afterwards 
found  to  have  slid  three  miles,  with  an  average  breadth  of  a  quarter  of 
a  mile.  The  natural  excavations  commenced  generally  in  a  trench  a  few 
Taids  m  depth  and  a  few  rods  in  width,  and  descended  the  mountains, 
widening  and  deepening  till  they  became  vast  chasms.  At  the  base  of 
time  hollow  ravines  was  seen  a  confused  mass  of  ruins,  connsting  of 
tnasported  earth,  gravel,  rocks,  and  trees.  Forests  of  spruce-fir  and 
IwDiloek,  a  kind  of  fir  somewhat  resembling  our  yew  in  foliage,  were 
prostrated  with  as  much  ease  as  if  they  had  been  fields  of  grain ;  for, 
'fth'-rr  they  disputed  the  ground,  the  torrent  of  mud  and  rock  accumu* 
kkd  behind,  till  it  gathered  sulBcient  force  to  burst  the  temporary  barrier. 

The  vallevs  of  the  Amonoosnck  and  Saeo  presented,  for  many  miles, 
an  uninterrupted  scene  of  desolation ;  all  the  bridges  being  carried  away, 
Ha  Well  as  tliose  over  their  tributary  streams.  In  some  places,  tlie  road 
was  excavated  to  tlie  depth  of  from  tifteen  to  twenty  fert  ;  in  others,  it 
'as  covered  with  earth,  ro.  k.^,  and  trees,  to  as  great  a  licight.  The 
water  flowed  for  many  weeks  after  the  iloud,  as  dcn&ely  charged  with 
Mrth  as  it  could  be  without  being  changed  into  mud,  and  marks  were 
Mb  b  vaiwus  lotalities  of  its  iunring  risen  on  jsither  ode  of  the  valley  to 
wn  thsn  twenty^five  feet  above  its  ofdinasy  level.  Many  sheep  and 
ottle  were  swept  away,  and  the  Willey  family,  nine  in  number,  who  in 
lisd  deserted  their  house,  were  destroyed  on  the  banks  of  the 
^co;  seven  of  their  mangled  bodies  were  afterwards  found  near  the 
liver,  buried  beneath  drift-wood  and  mountain  rums.*  Eleven  years 
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after  Llie  event,  the  deep  channels  worn  by  the  avfilinches  of  mud  and 
stone,  and  the  immense  lit  aps  of  bouhit.  rs  and  hlixjksj  of  granite  in  the 
river  channel,  still  formed,  says  Professor  Hubbard,  a  picturesque  feature 
in  the  scenery.* 

When  I  visited  the  country  in  1845,  eight  yean  after  Profeaur 
Hubbard,  I  found  the  signs  of  devastation  still  very  striking ;  I  also  par» 
ticularly  remarked  Uiat  although  the  surface  of  the  bare  granitic  roeks 
had  been  smoothed  by  the  passage  over  them  of  so  much  mud  and  stone» 
there  no  continuous  parallel  and  rectilinear  farrows,  nor  any  of  tlie 
fine  si  ratohes  or  i^trisB  which  characterize  placial  action.  The  absence 
of  these  is  nowhere  more  (  !•  ,n1y  exemplified  than  in  the  bare  rodfift  over 
which  passed  the  cfrfat  "  Willey  slide"  of  182U.f 

Ktit  the  catastrophes  in  the  White  Mountains  are  insignificant,  when 
compared  to  those  which  are  occr^sinnod  bv  enrthqnnkes,  when  the 
houndar}-  hills,  lor  miles  in  lon<j;ili,  arc  thrown  down  into  the  hollow  of 
a  vnlh'v.  I  shall  have  opporlunitieii  of  alluding  to  inundations  of  thi«i 
kind,  wiii-n  treating  expressly  of  earthquakes,  and  shall  eont«  nl  mvMilf 
nt  present  with  selecting  an  example  of  u  flood  due  to  a  (iifY«  rcnt  cause. 

/Yoorf  m  the  valley  of  Bagnes,  1818. — The  valley  of  Bagnes  is  one  of 
the  largest  of  the  lateral  embranchments  of  the  main  valley  of  the  Rhone, 
above  the  Lake  of  Geneva.  Its  upper  portion  was,  in  1816,  converted 
into  a  lake  by  the  damming  up  of  a  narrow  pass,  by  avaiancbes  of  snow 
and  ice,  precipitated  from  an  elevated  glacier  into  the  bed  of  the  rim 
Dranse.  In  the  winter  season,  during  continued  frost,  scarcely  any 
water  flows  in  the  bed  of  this  river  to  preserve  an  open  channel,  so  that 
the  ice  barrier  remained  entire  until  the  melting  of  the  snows  in  spring, 
when  a  lake  was  formed  above,  about  half  a  league  in  length,  which 
finally  attained  in  some  parts  a  depth  of  about  two  hundred  feet,  and  a 
width  of  about  seven  hundred  feet.  To  prevent  or  lessen  the  mischief 
apprehrnded  from  tlv  -udden  bur"sting  of  the  bturlLT,  an  artilicinl  gnllcry. 
seven  hundri'd  fert  in  iengtli,  was  cut  through  the  ice,  before  tiu-  waters 
had  risen  to  a  great  height.  When  at  lenijth  they  accunnilaled  and 
flowed  through  this  tunnel,  thev  di>si)lvtd  the  ice,  and  thus  deepened 
their  channel,  until  nearly  half  of  the  whole  contents  of  the  lake  were 
blowly  drained  off.  But  at  length,  on  the  approach  of  the  hot  season, 
the  central^  poriion  of  the  remaining  moss  of  ice  gave  way  with  a  trevKO' 
dous  crash,  and  the  residue  of  the  lake  was  emptied  in  half  an  hoar. 
In  the  course  of  its  descent,  tbe  waters  encountered  several  aanov 
gorges,  and  at  each  of  these  they  rose  to  a  great  hdgbt,  and  then  bust 
with  new  violence  into  the  next  basin,  sweeping  along  rocks,  fotealB, 
houses,  bridges,  and  cultivated  land.  For  the  greater  part  of  its  coarse 
the  flood  resembled  a  moving  mass  of  rock  and  mod,  ratlu  r  than  ot 
water..  Some  fragments  of  granitic  rocks,  of  enormous  magnitude,  and 
which  from  their  dimensions,  might  be  compared  without  exsggentioa 

♦  Silliman's  Journal,  vol.  xxxiv.  p.  116. 
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to  hoQses,  were  torn  out  of  a  more  aneieni  iUqvioii,  and  borne  down 
(br  a  quarter  of  a  mfle.  One  of  the  fmgmenta  moTed  was  dzty  pacee 
io  etreamferenee.*  The  velocity  of  the  water,  in  the  first  pari  of  its 
tioone,  was  tbirty-three  feet  per  seoond,  wbieh  diminiahed  to  six  feet 
More  it  reached  the  Lake  of  Geneva,  where  it  anived  in  aix  hours  and 
a  half,  the  distance  being  forty-five  mile8.f 

This  flood  left  behind  it,  on  the  plains  of  Martigny,  thousands  of  trees 
torn  up  by  the  roots,  together  with  the  ruins  of  buildings.  Some  of  the 
hou-:??  in  that  town  vrcre  fillod  with  mud  up  to  the  second  storv.  Afl«^r 
expanding  in  the  plain  of  MartiLrny,  it  entered  the  Rhone,  and  did  no* 
further  damage ;  but  some  bodies  of  mf  n.  who  had  been  drowned  above 
Marti<Tnv.  were  afterwards  found,  at  the  distance  of  about  thirty  miles, 
floatinir  oa  the  farther  side  of  the  Lake  of  Geneva,  near  Vevay, 

The  waters,  on  escaping  from  the  temporary  lake,  intermixed  with 
mad  sad  rock,  swept  along,  for  the  first  four  nu'ies,  at  the  rate  of  above 
Uvcnty  miles  an  hoar ;  and  M,  Eschar,  the  engineer,  calculated  that  the 
flood  famished  800,000  euhio  feet  of  water  every  second — an  efflux 
vhidi  is  five  times  greater  than  that  of  the  Rhine  below  Basle.  Now, 
if  part' of  the  lake  had  not  been  gradually  drained  ofi;  the  flood  would 
tnre  been  neatly  double^  approaching  in  volume  to  some  of  the  largest 
riten  in  Europe.  It  ia  evident,  therefore,  that  when  we  are  specnlattng 
OB  (he  excavating  force  which  a  river  may  have  exerted  in  any  particu- 
hr  valley,  the  most  important  question  is,  not  the  volume  of  the  existing 
ftnam.  nor  the  prt'sont  h'vch  of  it<;  channel,  nor  even  the  natun-  of  the 
rfick*;,  but  the  probability  of  a  succession  of  floods  at  some  period  since 
the  time  when  the  vallpy  may  have  been  fii-st  elevated  above  the  sea. 

For  seven!  months  alter  the  d6b^cle  of  1818,  the  Dranse,  having  no 
settled  channel,  shifted  its  position  continually  from  one  side  to  the 
other  of  the  valley,  carrying  away  newiy-erectod  bridges,  undermining 
Iknims,  and  continuing  to  be  charged  with  as  huge  a  quantity  of  earthy 
matter  as  the  fluid  eould  hold  in  suspension.  I  visited  this  valley  four 
swaths  after  the  flood,  and  was  witness  to  the  sweepmg-away  of  a 
liridge,  and  the  underminhig  of  part  of  a  bouse.  The  greater  part  of 
the  ice-hanier  was  then  standing,'presenting  vertical  clifb  150  feet  high, 
like  ravines  io  the  lava«e«iraita  of  Etna  or  Auveigne,  where  tbey  are 
inf.  rsected  by  imrs. 

Inundations,  precisely  similar,  are  recorded  to  have  occurr'^d  at  foi^ 
mer  periods  in  this  district,  and  from  the  same  cnuse.  In  159.5,  for  ex- 
ample, a  lake  burst,  and  the  water'^.  d«";r«'r!(!ing  with  irresis'ib]*^  fury, 
destroyed  the  town  of  Marti^nv,  where  from  sixty  to  eighty  p'  rsons 
perished.  In  a  aimilar  flood,  tifty  years  before,  140  persons  were 
drowned. 

Flood  at  Tivoli,  1826. — I  shall  conclude  with  one  more  example 
derivBd  from  a  land  of  classic  recollections,  the  ancient  Tibur,  and  which, 

*  Thi^  block  was  measured  hy  Capt.  R  Hall,  R.  y. 

t  louQdation  of  the  Val  de  Bagnea,  in  1818,  Ed.  PtiiL  Jomm.,  voL  L  pi  187,  from 
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like  all  the  other  inundations  aboT6  aOaded  to,  occurred  withu  tlic 
preseol  oentniy.  Tke  younger  Ptiny,  it  will  be  rdbembered,  deaeribes 
a  flood  on  tbe  Anioip  which  destroyed  woods*  roelB»  and  houses,  with 
the  most  sumptooiis  vilbs  and  works  of  arts.*  For  lour  or  five  centa- 
ries  consectiCiTety,  Ihitf  ''headlong  stream,"  as  Hoiaoe  truly  called  it» 
has  often  renuuoed  within  its  bounds,  and  then,  after  so  long  an  interval 
of  rest,  has  at  different  periods  inundated  its  banks  again,  and  widt  ncd 
its  channeL  The  last  of  these  catnstroplirs  happened  15th  Nov.  1826, 
after  heavy  rains,  such  as  produced  the  llo<x]s  before  alluded  to  in  Scot- 
,  land.  The  waters  .npperir  also  to  have  been  impedcMl  by  an  artificial 
dike,  by  which  they  were  s^'pantfd  ipto  two  parts,  a  short  distance 
above  Tivoli.  They  broke  tiiniugli  ihi'?  (iik'  ;  and  ifavinrr  the  left  trench 
dry,  precipitated  Uiemselves,  with  their  wliolu  weight,  on  the  right  side. 
Here  thi^y  undermined,  in  the  course  of  a  few  hours,  a  high  cliff,  and 
widened  the  river's  channel  about  fifteen  paces.  On  this  height  stood 
the  church  of  8t.  Lucia,  and  about  thirty-six  houses  of  the  town  of 
Tivoli,  which  were  all  carried  away,  presenting  as  they  sank  into  the 
roaring  flood,  a  terrific  scene  of  destruction  to  the  speetaton  on  the  op- 
posite bank.  As  the  foundations  were  gmdually  removed,  each  build- 
ing, some  of  them  edifices  Of  considerable  height,  was  fint  tnveraed 
with  numerous  rents,  which  so<ni  widened  into  largo  fissures,  until  at 
length  the  roofs  fell  in  with  a  crash,  and  then  the  walls  sunk  into  the 
river,  and  were  hurled  down  the  cataract  bek>w.f 

The  destroying  njfency  of  the  flood  came  within  two  hundred  yards 
of  the  pr«'r!]Moe  on  which  the  beautiful  temple  of  Vesta  stands  ;  but 
fortuuai«'ly  tins  prroious  relic  of  antiquity  was  spared,  while  the  wreck 
of  modern  structures  was  hurled  down  the  abyss.  Vesta,  it  will  be 
remembered,  iu  the  heathen  mythology,  personified  the  stability  of  the 
cat  til ;  and  when  the  Samian  astronomer,  Aristarchus,  tirst  taught  thai 
the  earth  revolved  on  its  axis,  and  round  the  sun,  he  was  publicly  ac- 
cused of  impiety,  **  for  removing  the  everhuting  Vesta  from  her  place:'* 
Playfair  obsierved,  that  when  Button  ascribed  instability  to  the  earth's 
surface,  and  represented  the  continents  which  we  inhabit  as  the  theatre 
of  incessant  change  and  movement,  his  antagonists,  who  r^^arded  them 
as  unalterable^  assailed  hhn  in  a  similar  manner  with  accusations  founded 
on  religious  pre)udioes.|  We  might  appeal  to  the  excavating  power  of 
the  Anio  as  corroborative  of  one  of  the  most  controverted  pa/  ts  of  the 
Huttonian  theory ;  and  if  the  days  of  omens  had  not  gone  by,  the  gcd- 
ogists  who  now  worship  Vesta  miglit  reij^ard  the  late  catastrophe  as 
portentous.  We  may,  at  least,  recommend  the  modern  votaries  of  tlie 
goddess  to  lose  no  time  in  making  a  pilgrimage  to  her  sbhne,  for  tbo 
next  flood  may  not  respect  the  b-mple. 

£i€amtmi  of  rocks  by  running  water. — ^The  rapidity  with  which 

•  LibwTiiLEpitt  17. 
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even  the  smallest  streams  hollow  out  deep  channels  in  soft  and  destruc 
lifole  soils  is  remarkably  exemplified  in  volcanic  countries,  where  the  sand 
and  half-consolidated  tuffs  opposed  but  a  slight  resistance  to  the  torrents 
which  descend  the  mountain-side.  After  the  heavy  rains  which  followed 
the  eruption  of  Vesuvius  in  1824,  the  water  flowing  from  the  Atrio  del 
Cavullo  cut,  in  three  days,  a  new  chasm  through  strata  of  tuff  and 
ejecttd  volcanic  matter,  to  the  depth  of  twenty-five  feet.  I  found  the 
old  mule-ro{id,  in  1828,  intersected  by  this  new  ravine. 

The  gradual  erosion  of  deep  chasms  through  some  of  the  hardest  rocks, 
hf  the  eoBstant  passage  of  running  water,  charged  with  foreign  matter, 
ii  another  pheDomenon  of  which  striking  examples  may  be  addneed. 
nhiitntloiis  of  this  excavatiiig  power  are  presented  by  many  valleys  in 
MBtnU  Fianoe  where  the  channeb  of  rivers  have  been  barred  u^  by 
nlid  eorrents  of  lava,  ibrough  which  the  streams  have  le-excavated  a 
pmage,  to.  the  depth  of  from  twenty  to  seventy  feet  and  upwards*  and 
often  of  great  width.  In  these  cases  there  are  decisive  proofs  that 
latber  the  sea,  nor  any  denuding  wave  or  extrsordinary  body  of  water. 
Ins  passed  over  the  spot  since  the  melted  lava  was  consolidated.  Every 
hypothesis  of  the  intervention  of  sudden  and  violent  agency  is  entirely 
eicluded,  because  the  cones  of  loose  scoriae,  out  of  which  the  lavas 
flowed,  are  oftentimes  at  no  great  elevation  above  the  rivei-s,  and  have 
rtrniiined  undisturbed  during  the  whole  pericxl  which  has  been  sufficient 
for  the  huUowinof  out  of  such  enormous  ravines. 

Recent  ejccavaUon  bij  the  Simelo. — Hut  I  shall  at  present  confine  my- 
idf  to  examples  derived  from  events  which  have  happened  «ncethe 
tioM  of  history.  , 

At  the  western  base  of  Etna,  a  cnrrent  of  kva  (a  a,  6g.  16),  de- 
near  the  summit  of  the  great  volcano,  has  flowed  to  the 
teaoe  of  five  or  six  miles,  and  then  reached  the  aUnvial  phun  of  the 
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Simeto,  the  largest  of  the  Sicilian  rivers,  which  skirts  the  base  of  Etna, 
sod  &Us  into  the  sea  a  few  miles  south  of  Catania.  The  lavl  entered 
^tbe  river  shoot  three  niiles  above  the  town  of  Ademo^  and  not  only  oe- 
Mpisd  its  channel  for  some  distance,  but,  crossing  to  the  opposite  side 
flf  the  TsUey,  aeeumuhted  there  in  a  rocky  mass.  Oemmellaro  gives 
As  y«Br  1608  as  the  date  of  the  eroption.*  The  appeannce  of  the 
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current  clearly  proves,  that  it  is  one  of  the  most  modem  of  toose  (A 
Etna ;  for  it  has  not  been  covered  or  crossed  by  subsequent  streams  or 
•jecUons,  and  the  olives  which  had  been  planted  on  its  (surface  were  all 
of  small  tbSp  whan  I  examined  tbe  spat  in  1828,  yet  they  were  older 
than  the  natural  wood  on  the  same  lam  In  tbe  eoune,  therefore,  of 
about  two  centories*  the  Simeto  has  eroded  a  passage  from  fifty  to  sere- 
111)  hundred  feet  wide,  and  in  some  parts  from  forty  to  fifty  feet  deep. 

Tbe  portion  of  lava  out  through  is  in  no  part  porous  or  seoriaceoos, 
but  oottdsts  of  a  compaot  homogeneous  mass  of  hard  blue  rock,  sooie> 
what  inferior  in  weight  to  ordiniuy  ba«aU»  and  containing  dystab  of 
olivine  and  glassy  felspar.  Thr  rcnersl  aeelivity  of  this  pari  of  tht  bed 
of  the  Simeto  n  not  considnmble ;  but,  in  consequence  of  the  unequal 
waste  of  the  lava,  two  water-falls  occur  at  Passo  Manzanelli,  each  about 
six  ft  et  in  height.  Here  the  chasm  (b,  fig.  16)  is  about  forty  feet  deep, 
and  only  fifty  broad. 

The  sand  and  pobblos  in  the  river-bod  consist  chiefly  of  a  brown 
quartzose  sandstone,  derived  from  the  upper  countrv  ;  but  tlie  materials 
of  the  volcanic  rock  itself  must  have  crreatlv  Jissisted  the  attrition.  Thi.s 
river,  like  the  Caltabiano  on  the  eastern  side  of  Etna,  has  not  jet  cut 
down  to  the  ancient  bed  of  'vvhich  it  was  dispossessed,  and  of  which 
the  probable  position  is  indicated  in  the  annexed  diagram  (c,  fiof.  16). 

On  entering  the  narrow. ravine  where  the  water  foams  down  the  two 
eataracte,  we  are  entirely  shut  out  from  all  view  of  the^  surrounding 
country ;  and  a  geologist  who  is  accustomed  to  associate  the  chanicter- 
btic  features  of  the  landscape  with  the  relative  age  of  certain  rocks,  can 
scarcely  dissuade  himself  from  the  belief  that  he  is  contemplating  a 
scene  in  some  rocky  gorge  <^  a  primary  district.  The  external  forms  of 
the  hard  blue  lava  are  aa  massive  as  any  of  the  mosi  ancient  trap*rocks 
of  Scotland.  The  solid  surface  is  in  some  parts  smoothed  and  ahnost 
polished  by  attrition,  and  covered  in  others  with  a  white  lichen,  which 
imparts  to  it  an  air  of  extreme  antiquity,  so  as  gn  ally  fo  heighten  the 
delusion.  But  the  momeut  we  reascend  the  cliff  the  spell  is  broken ; 
for  we  scarcely  recede  a  few  paces,  before  the  ravine  and  river  disap- 
pear, and  we  stand  on  the  black  and  nigged  surface  of  a  vast  current  of 
lava,  which  seems  unbroken,  and  which  we  ran  trace  up  nearlr  to  the 
distant  summit  of  that  majestic  cone  which  Pindar  called  "  tlic  pillar  of 
heaven."  and  which  still  continues  to  send  forth  a  fleecy  wreath  of  vn- 
por,  reminding  us  that  its  fires  are  not  extinct,  and  that  it  mnv  aL^ain 
give  out  Ji  rocky  stream,  wherein  other  st  eaes  like  that  dei»cribed 
may  present  themselves  to  future  ubservei^s. 

Falls  f^'  Kia(jara. — The  falls  of  Niai^ara  atlord  a  iJiai;niCccnt  exam- 
ple of  the  progressive  excavation  of  a  deep  valley  in  solid  rock.  Thai 
river  flows  over  a  flat  table- land,  in  a  depression  of  which  Lake  Erie 
is  ntuated.  Where  it  issues  from  the  lake,  it  is  neariy  a  mile  in  width, 
and  330  feet  above  Lake  Ontario,  which  is  about  30  miles  distant.  For 
the  first  fifteen  miles  below  Lake  Erie  the  surrounding  countiy,  com- 
prising Upper  Canada  on  the  west,  and  the  state  of  New  York  on  tbe 
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east,  <iimost  on  a  level  with  its  banks,  and  nowhere  more  than  thirty 
or  forty  feet  above  them.*  (See  fig.  17.)  The  river  bemg  oecasionally 
interspersed  witli  low  wooded  islands,  and  havinf^  sometimes  a  width  of 
three  miles.  <rlidos  along  at  tirst  with  a  clear,  smooth,  and  tranquil  cur- 
rent, falling  only  fifteen  feet  in  as  many  miles,  and  in  this  part  of  jti 
course  resembling  an  arm  of  Lake  Erie.  But  its  character  is  afterwards 
entirely  changed,  on  approachinijc  the  Rapids,  where  it  begins  to  rush 
and  loam  over  a  rocky  and  uneven  litnestone  hoUora,  for  the  space  of 
nearly  a  mile,  till  at  length  it  is  thrown  down  perpendicularly  165  feet 
at  the  Kails.  Here  the  river  is  divided  into  two  sheets  of  water  by  an 
island,  the  largest  cataract  being  more  than  a  third  of  a  mile  broad,  the 
ematler  ooe  having  a  breadth  of  alz  hundred  feet.  When  the  water  has 
precipitated  itself  into  an  unfathomable  pool.  It  nnhes  with  great  ve- 
locity down  the  slopiqg  bottom  of  a  narrow  chasm,  for  a  distance  of ' 
seven  miles.  This  ravine  varies  from  200  to  400  yards  in  width  from 
cliff  to  cliff ;  contrasting,  therefore,  strongly  in  its  breadth  with  that  of 
the  river  above.  Its  depth  is  from  200  to  800  feet,  and  it  intetseets 
for  about  seven  miles  the  table«land  before  described,  which  terminates 
suddenly  at  Qucenstown  in  an  escarpment  or  long  line  oT  inland  clifi 
facing  northwards,  towards  Lake  Ontario.  Hie  Niagara,  on  reaching 
the  escarpment  and  issuing  from  the  gorge,  enters  the  flat  country, 
which  is  so  nearly  on  a  level  with  Lake  Ontario,  that  there  is  only  a  fdl 
of  about  four  feet  in  the  seven  additional  miles  which  intervene  betvreen 
Queenstown  and  the  shores  of  that  lake. 

It  has  long  been  the  popular  belief  that  the  Niagara  once  flowed  in  a 
shallow  valley  across  the  whole  platform,  from  the  present  site  of  the 
Falls  to  the  escarpment  (called  the  Queenstown  heights),  where  it  is 
supjinsed  that  the  catanict  was  first  situated,  and  that  the  river  has 
ufcn  slowly  eating  itb  way  backwards  through  the  rocks  for  the  distance 
of  seven  miles.  This  hypothesis  naturally  suggests  itself  to  every 
observer,  who  sees  the  narrowness  of  the  gorge  at  its  termination,  and 
throughout  its  whole  course,  as  far  up  as  the  Falls,  above  which 
point  the  river  expands  as  before  stated.  The  boondaty  cliffs  of  the 
ravine  are  usually  perpendicular,  and  In  many  places  undermined  on 
one  side  by  the  impetuous  stream.  The  uppermost  rock  of  the  table* 
land  at  the  Falls  consbts  of  hard  limestone  (a  member  of  the  Si- 
lurian series),  about  ninety  feet  thick,  beneath  whieh  lie  soft  shales  of 
equal  thickness,  oontanually  undermined  by  the  action  of  the  spray, 
which  rises  from  the  pool  into  which  so  large  a  body  of  water  is  pi-o- 
jected,  and  is  driven  violently  by  gusts  of  wind  against  the  base  of  the 

*  The  ri'a(?t  r  will  find  in  my  Trarels  in  North  America,  vol  i.  ch.  2.  a  colored 

fcologiciil  uiup  und  section  of  tlie  jSiagara  district,  also  a  bird'8-eye  view  of  the 
alU  and  adjacent  country,  colored  geologically,  of  which  the  first  idea  waa  mug- 
p»5tt'il  \>y  the  cxcfllt'iit  original  t'ketch  given  by  Mr.  TJukrwpll.  I  have  referred 
more  fully  to  the«^  and  to  Mr.  Hall's  Report  on  tlie  Gcolci^'y  of  New  York,  at 
well  as  to  the  earlier  writings  of  Hennepin  and  Kalm  m  the  >iiniR  work,  and  Imve 
«ipei-u!.it<<(l  (XI  t]u>  '  I  icnii  of  the  rsonrpincnt  over  which  the  FnUs  WMJ  haTe  faees 
4irij^ina]iy  precipitated.    YoL  i.  p.  S'i,  and  voL  il  p.  93. 
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precipice.  In  consequence  of  this  action,  and  that  of  frost,  the  shale 
disintegrates  and  crumbles  away,  and  portions  of  the  incumbent  rock 
overhang  40  feet,  and  often  when  unsupported  tumble  down,  so  that 
the  Falls  do  not  remain  absolutely  stationary  at  the  same  spot,  even  for 
half  a  century.  Accounts  have  come  down  to  us,  from  the  earliest  pe- 
riod of  observation,  of  the  frequent  destruction  of  these  rocks,  and  the 
sudden  descent  of  huge  fragments  in  1818  and  1828,  are  said  to  have 
{shaken  the  adjacent  country  like  an  earthquake.  The  earliest  travel- 
lers. Hennepin  and  Kalm,  who  in  1678  and  1751  visited  the  Falls,  and 
published  views  of  them,  attest  the  fact,  that  the  rocks  have  been  suf- 
fering from  dilapidation  for  more  than  a  century  and  a  half,  and  that 
some  slight  changes,  even  in  the  scenery  of  the  cataract  have  been 
brought  about  within  that  time.  The  idea,  therefore,  of  perpetual  and 
progressive  waste  is  constantly  present  to  the  mind  of  every  beholder  ; 
and  as  that  part  of  the  chasm,  which  has  been  the  work  of  the  last 
hundred  and  fifty  years  resembles  precisely,  in  depth,  width,  and  char- 
acter, the  rest  of  the  gorge  which  extends  seven  miles  below,  it  is  most 
natural  to  infer,  that  the  entire  ravine  has  been  hollowed  out  in  the  same 
manner,  by  the  recession  of  the  cataract. 

It  must  at  least  be  conceded,  that  the  river  supplies  an  adequate 
cause  for  executing  the  whole  task  thus  assigned  to  it,  provided  we 
grant  sufficient  time  for  its  completion.  As  this  part  of  the  country 
was  a  wilderness  till  near  the  end  of  the  last  century,  we  can  obtain 
no  accurate  data  for  estimating  the  exact  rate  at  which  the  cataract  has 
been  receding.  Mr.  Bakewell,  son  of  the  eminent  geologist  of  that 
name,  who  visited  the  Niagara  in  1829,  made  the  first  attempt  to  cal- 
culate from  the  observations  of  one  who  had  Hved  forty  years  at  the 
Falls,  and  who  had  been  the  first  settler  there,  that  the  cataract  had 
during  that  period  gone  back  about  a  yard  annually.  But  after  the 
most  careful  inquiries  which  I  was  able  to  make,  during  my  visit  tq 
the  spot  in  1841-2,  I  came  to  the  conclusion  that  the  average  of  one 
foot  a  year  would  be  a  much  more  probable  conjecture.  In  that  case, 
it  would  have  required  thirty- five  thousand  years  for  the  retreat  of  the 
Fails,  from  the  escarpment  of  Queenstown  to  their  present  site.  It 
iseems  by  no  means  improbable  that  such  a  result  would  be  no  exagger- 
ation of  the  truth,  although  we  cannot  assume  that  the  retrograde 
movement  has  been  uniform.  An  examination  of  the  geological  struc- 
ture of  the  district,  as  laid  open  in  the  ravine,  shows  that  at  every  step 
in  the  process  of  excavation,  the  height  of  the  precipice,  the  hardness 
of  the  materials  at  its  base,  and  the  quantity  of  fallen  matter  to  be 
removed,  must  have  varied.  At  some  points  it  may  have  receded  much 
faster  than  at  present,  but  in  general  its  progress  was  probably  slower, 
because  the  caUiract,  when  it  began  to  recede,  must  have  had  nearly 
twice  its  present  height. 

From  observations  made  by  me  in  1841,  when  I  had  the  advantage 
of  beinw  accompanied  bv  Mr.  Hall,  state  creolo^rist  of  \ew  York,  and 
in  1842,  when  I  re-examined  the  Niagara  district,  I  obtained  geologi- 
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cal  evidence  of  tin  iVinuer  existence  of  an  old  river-bed,  which,- 1  have 
no  doubt,  indicates  ihc  original  channel  through  which  the  waters  once 
flowed  from  the  Falls  to  Quecnstown,  at  the  height  of  nearly  three 
hundred  feet  above  the  bottom  of  the  present  gorge.    The  geological 
monumeiiLs  alluded  to,  coubist  of  patches  of  sand  and  gravel,  forty  feet 
thick,  containing  fluviatile  sheik  of  the  genera  Umo,  Cyclas,  Melania, 
Ac,  such  as  now  mhabit  the  waters  of  the  Niagara  above  the  Falls 
The  identitj'  of  the  fossil  spedes  with  the  recent  is  unquestionable,  and 
these  freshwater  deposits  occur  at  the  edge  of  the  difis  bounding  the 
raTiae,  so  that  thej  prove  the  former  exteusbn  of  an  elevated  shallow 
valley*  four  miles  below  the  falls,  a  distinci  prolongation  of  that  now 
occupied  by  the  Niagara*  in  the  elevated  region  intervening  between 
Lake  Erie  and  the  Falls.   Whatever  theory  be  framed  for  the  bollow* 
ing  out  of  the  ravine  further  down,  or  for  the  three  hiiles  which  inter- 
vene between  the  whirlpool  and  Queenstown,  it  will  always  be  necessary 
to  suppose  the  former  existence  of  a  barrier  of  rock,  not  of  loose  and 
destructible  materials,  such  as  those  composing  the  drift  in  this  district, 
somewhere  immediately  below  the  whirlpool.     By  that  barrier  the 
waters  were  held  back  for  nges,  when  the  fluviatile  deposit,  40  feel  in 
thickness,  and  250  feet  above  the  present  channel  of  the  river,  origi- 
nated.   If  we  are  led  by  this  evidence  to  admit  tlin  the  cataract  has 
cut  hack  its  way  for  four  mile>,  we  can  have  litlli  liesitation  in  referring 
the  exca\  ation  of  the  remaining  three  miles  beiow  to  a  like  ageucy,  iUo 
shape  of  the  chasm  being  precisely  similar. 

There  have  been  many  speculations  respecting  the  future  recession 
of  the  Falls,  and  the  deluge  that  might  be  occasioned  by  the  Midden 
.  escape  of  the  waters  of  Lake  Erie,  if  the  ravine  should  ever  be  pro- 
longed Id  miles  backwards.  But  a'more  accurate  knowledge  of  the 
geological  succession  of  the  rocks,  brought  to  light  by  the  State  8ur> 
vey,  has  satisfied  every  geologist  that  the  FaUs  would  diminish  gradii^ 
ally  in  height  before  they  tmv^Ued  back  two  miles,  and  in  Gonseqaenca 
of  a  gentle  dip  of  the  strata  to  the  south,  the  massive  limestone  now  at 
the  top  would  then  be  at  their  base,  and  would  retard,  and  perb^  pot 
an  effectual  stop  to,  the  excavating  proceas. 
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TBAHSPOBTATtOir  OV  SOUD  MATTER  BT  101. 

Carrying  power  of  nrer-ice — Rocks  annuaUjr  ootiveyod  into  the  St.  Lawrence  by 
it«  tribotariee — Orcund-ico;  its  origin  and  irimoportiiig  power — Qlaciert-^ 
Ihtotj  <st  tiboir  downvard  norsmait — Smoothed  aod  grooTed  roek»— Hm 

moraine  unstrntiried—IcLborgs  covered  with  mud  and  stonet— limito  «tf  gladen 
and  icebergs — Their  efiects  on  tlie  bottom  wlu'ii  tla-y  rtm  aground— Pnclring 
of  eon?t-tcc — Boulders  drifted  by  ice  on  coast  of  Labrador — ^Blocks  moved  by 
ice  iu  the  Ballic. 

The  power  of  running  water  to  carry  8and»  gmvel,  and  fragmenta 
qC  roek  to  coaaiderable  distances  ia  greatly  augmented  in  tliosc  rc-Lriona 
where,  durh^  aonie  part  of  the  year,  the  frost  is  of  sufficient  intensity 
to  convert  the  water'  either  at  the  surface  or  bottom  of  rivers,  into  ice. 

This  subject  may  be  considered  under  three  different  heads first, 
the  efiVrt  of  surface-ice  and  ground-ice  in  enabling  streams  to  remove 
gnvfl  -tones  to  a  distance  ;  secondly,  the  action  of  glaciers  in  the 
tmnijport  of  boulders,  and  ia  the  polis'hing  and  scnitching  of  rocks ; 
thirdly,  the  floating  oil  of  glaciers  charged  with  solid  matter  into  tht) 
sea,  and  the  drifting  of  icebergs  and  coast-ice. 

River-ice. — ^Pebblea  md  small  pieces  of  rock  may  be  seen  entangled 
m  ice,  and  floating  anifually  down  the  Tay  in  Scotland,  as  far  aa  the 
noatli  of  thai  itver.  Similar  obaervationa  might  doubtlesa  be  made 
respecting  almost  all  fbe  laiger  mora  of  England  and  Scotland ;  but 
tboe  aeems  leaaon  to  ioapect  that  the  principal  transfer  from  phee 
Id  phoe  of  pebbles  and  atonea  adhering  to  ice  goes  on  unseen  by  na 
tader  water.  For  although  the  apeciflo  gravity  of  the  compound 
mass  may  cause  it  to  nak,  it  may  s^  be  Tery  boo^Euit,  and  easily  borne 
along  by  a  feeble  carrsnt.  The  icOr  moreover,  melts  veiy  slowly  at  the 
bottom  of  running  streams  in  winter,  as  the  water  there  is  often  nearly 
at  the  freezing  point,  aa  will  be  seen  from  what  will  be  said  in  the 
sequel  of  Lr^'HtTid-iee. 

As  we  ti  iverse  Europe  in  the  latitudes  of  Great  Britain,  we  find  the 
winters  njore  severe,  and  the  rivers  more  regularly  frozen  over.  M. 
Lariviere  relates  that,  bein;^  at  Memel  on  the  Baltic  in  1821,  when  the 
ice  of  the  river  Niemen  broke  up,  he  .saw  a  mass  of  ice  thirty  ft'*-t  lon^ 
which  had  descended  the  stream,  and  had  been  thrown  ashore,  in  the 
middle  of  it  was  a  triangular  pieoe  of  granite,  about  a  yard  in  diameter^ 
tSMiaUbg  m  compositioD  the  red  granite  of  Fhdand.* 


*  Cgwid.  sur  issBbst  Snal  18S9. 
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When  rivers  ia  the  northern  hemisphere  flow  from  south  to  north, 
the  ice  first  breaks  up  in  tlie  higher  pnrt  of  their  course,  and  tlie  flooded 
waters,  bearing  along  large  icy  fragments,  often  arrive  nt  parts  of  the 
stream  wliich  are  still  firmly  frozen  over.  Great  inundations  are  thus 
frequently  occasioned  by  the  obstructions  thnnvu  in  the  way  of  the  de- 
Reendin<j:  waters,  as  in  the  case  of  the  Mackenzie  in  North  America,  and 
the  Irtish,  Obi,  Yenesei,  Lena,  and  other  rivers  of  Siberia,  (See  map, 
fig.  1,  p.  79.)  A  partial  stoppage  of  this  kind  lately  occurred  (Jan.  31, 
1840)  in  the  Vislnia,  aboat  a  mile  and  a  half  above  the  eity  of  Daotsic, 
wheie  the  riVer,  choked  up  by  packed  ice,  was  made  to  take  a  new* 
couiae  over  its  right  bank,  so  that  it  hollowed  out  in  a  few  days  a 
deep  and  broad  channel,  many  leagues  in  length,  through  a  traot  cil 
sand'hills  which  were  from  40  to  60  feet  high« 

In  Canada,  where  the  winter's  cold  is  intense,  in  a  latitude  corre- 
sponding to  that  of  central  France,  several  tributaries  of  the  St.  Law- 
rence begin  to  thaw  in  their  upper  course,  while  they  remain  frosen 
over  lower  down,  and  thus  large  slab^  of  ice  are  set  free  and  thrown 
upon  the  unbroken  sheet  of  ice  below.  Then  bej^s  what  is  called  the 
packing  of  the  drifted  fragments  ;  that  is  to  say,  one  slab  is  made  to 
slide  over  another,  until  a  vast  pile  is  built  up,  and  the  whole  being: 
frozen  together,  is  ur£rrd  onwards  by  the  force  of  the  dammed  up 
waters  and  drift-ice.  Thus  propelled,  it  not  only  forces  alonof  boulders, 
but  breaks  off  from  cliffs,  which  lnord^T  the  rivers,  huge  pieces  of 
projecting  rock.  By  this  m<  ;iti-  -v.  lal  buttresses  of  solid  masonry, 
which,  up  to  the  year  IS^O,  supported  a  wooden  bridfje  on  the  St. 
Maurice,  which  falls  iiuo  ilie  St.  Lawrence,  near  the  town  of  Troia 
Rivieres,  lat.  46"^  20',  were  thrown  down,  and  conveyed  by  the  ice 
hito  the  main  river;  and  instances  have  occurred  at  Montreal  of  wharfs 
and  stone-buildings,  from  80  to  50  feet  square,  Iiaving  been  removed  in 
a  similar  manner.  We  learn  from  Oaptain  Bayfield  that  anchors  laid 
down  within  high-water  nuurk,  to  secure  vessels  hauled  on  shore  for  the 
winter,  must  be  cut  out  of  the  ice  on  the  approsoh  of  spring,  or  they 
would  he  carried  away.  In  1894,  the  Gulnare's  bower*anchor,  wagh* 
ing  half  a  ton,  was  transported  some  yards  by  the  ice,  and  so  firmly 
was  it  fixed,  that  the  fwce  of  the  moving  ice  broke  a  chain-cable  aiiited 
for  a  10-gun  brig,  and  which  had  rode  the  Gulnare  during  the  heaviest 
gales  in  the  gulf.  Had  not  this  anchor  been  cut  oat  of  the  ice,  it  would 
have  been  carried  into  deep  water  and  lost.* 

The  scene  repraented  in  the  annexed  plate  (pi.  2),  from  a  drawing 
by  Lieutenant  Bowen,  R.  N.,  will  enable  tlio  reader  to  comprehend  tbo 
incessant  chants  which  the  transport  of  boulders  produces  annually 
on  the  low  islands,  shores,  and  bed  of  the  St.  Lawrence  above  Quebec. 
The  fundamental  rocks  at  Richelieu  Rapid,  situated  in  lat.  46°  N.,  r^re 
limestone  and  slate,  which  are  seen  at  low- water  to  l)e  covered  wirh 
l)oulUers  of  granite.   These  boulders  owe  their  spheroidal  form  chiefly  tc 

*  Oapt  Bayfield,  GeoL  8oc.  Prooeediugg^  vol  iL  p.  22S. 
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weathering,  or  action  of  trost,  which  causos  the  surface  to  exfoliate  ir 
eoncentiic  plates,  so  that  all  the  more  prominent  angles  are  removed 
At  the  point  a  is  a  cavity  in  the  mud  or  sand  of  the  beach,  now  filled 
vidi  water,  wbtch  was  occupied  dttring  the  preceding  winter  (1835)  by 
the  Irage  ermtie  h,  a  mass  of  graiute»  70  touB*  weight,  found  in  the 
spnng  following  (1836)  at  a  dbtance  of  several  feet  from  itsfonuet 
poatdoii.  Many  mall  islands  are  seen  on  the  river,  such  Mcd,  which 
ifind  still  more  striking  proofe  of  the  carrying  and  propelling  power  o( 
iee.  These  islets  are  never  under  water»  yet  every  winter  ice  is  thrown 
npOD  tbem  in  such  abundance,  that  it  packf  to  Uie  height  of  20,  and 
eTen  80  feet,  hringtng  with  it  a  continual  supply  of  large  stonc^s  or 
boalders,  and  carrying  away  others ;  the  gpreatest  number  being  depos- 
ited, according  to  Lieutenant  Bowen,  00  the  edge  of  deep  water.  On 
the  island  d,  on  the  left  of  the  accompanying  view,  a  lighthouse  Is  repre- 
sented, consistincf  of  a  square  wooden  "bnilding,  which  having  no  other 
foundation  than  the  bouldt'r^,  requires  to  be  taken  down  every  winter, 
V\A  rebuilt  on  the  reopening  of  the  river. 

TlH'>e  effects  of  frost,  which  are  so  strikinn;  on  the  St.  Lawrence 
aiiove  Quebec,  are  by  no  means  displayed  on  a  smaller  scale  below  that 
city,  where  the  gulf  rises  and  falls  with  the  tide.  On  the  contrary;  it 
is  in  the  estuarv,  between  tlie  latitudes  47°  aixi  4U  ',  that  the  g^reatest 
quiiniily  oi  gravel  and  boulders  of  large  dimensions  are  carried  down 
aooually  towards  the  sea.  Here  the  frost  is  so  intense,  that  a  dense 
sheet  of  ice  is  formed  at  low  water,  which,  on  the  rise  of  the  tide,  is 
lifted  up,  hfoken,  and  thrown  in  heaps  on  the  extensive  shoals  which 
bolder  the  estuary.  When  the  tide  recedes,  this  packed  ice  is  e.xposed 
tea  temperature  sometimes  30"  below  aero,  which  Ireeies  together  all 
the  ktoee  pieces  of  ice,  as  well  as  the  granttteoind  other  boulders.  The 
vhole  of  these  are  often  swept  away  by  a  high  tide,  or  when  the  river 
ii  swoUen  by  the  melting  of  the  snow  in  Spring.  One  huge  block  of 
gnoite,  15  feet  long  by  10  feet  both  in  width  and  height,  and  estimated 
to  contain  1500  cubic  feet,  was  conveyed  in  this  manner  to  some  dis> 
tance  in  the  year  1 837,  its  previous  position  being  well  known,  as  up 
to  (hat  time  it  had  been  used  by  Captain  Bayfield  as  a  mark  for  the 
surveying  station. 

Ground-ice. — When  a  current  of  cold  air  passes  over  the  surface  of 
a  lake  or  stream  it  abstracts  from  it  a  quantitv  of  hont.  nnd  the  specific 
gravity  of  the  water  being  thereby  increased .  fliP  cooled  portion  sinks, 
Thi*  <  in-nlation  may  continue  until  the  wiiuie  body  of  fluid  has  been 
coukd  down  to  the  temperature  of  40°  F.,  after  which,  if  the  cold  in- 
crease, the  vertical  movement  ceases,  the  water  which  is  uppermost 
eipands  and  floats  over  the  heavier  fluid  below,  and  when  it  has  attained 
a  temperature  of  82°  Fahr.  it  sets  into  a  sheet  of  ice.  It  should  seem 
therefoie  impossible,  aoeording  to  this  law  of  congelation,  that  ice 
should  ever  form  at  the  bottom  of  a  river ;  and  yet  such  is  the  fact,  and 
many  speeulatioaB  have  been  hasarded  to  account  for  so  singular  a  phe- 
Mwnoo.  M.  Arago  is  of  o|Hnton  thit  the  mechanical  action  of  a  run* 
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ning  stream  pi  ofluces  !i  circulation  by  wbicli  the  eiiUre  body  of  water  m 
mixed  up  together,  and  cooled  alike,  and  the  whole  being  thus  reduced 
to  the  freezing  point,  ice  begins  to  form  at  the  bottom  f<>r  two  reasons. 
6r8t,  because  there  is  less  motion  there,  and  secondly,  because  the 
water  is  in  contact  with  solid  rock  or  pebbles  which  have  a  cold  pur- 
faee.*  Whatever  explanation  we  adopt,  there  is  no  doubt  of  the  fact, 
that  m  countries  where  the  intensity  and  duration  of  the  cold  is  great, 
livers  aod  torreDts  acqtiire  an  inerease  of  carry  ing  power  by  the  forma- 
tion of  what  is  called  grouiid>tce.  Even  in  the  Thames  we  lean  from 
Dr.  Plott  that  pieces  of  this  kind  of  ice,  having  gravel  froisea  on  to  then 
ander  side,  rise  up  from  the  bottom  in  winter,  and  float  on  the  sqi^mw. 
In  the  Siberian  rivers,  Weits  describes  large  stones  as  having  been 
brought  up  from  the  river's  bed  in  the  same  manner,  and  made  to 
float.f 

#  •  •  • 

Oladen. — In  the  tempcmte  sone,  the  <^now  li(>s  for  months  in  winter 
on  the  summit  of  every  high  mountain,  while  in  the  arctic  regions,  a 
long  summer's  day  of  half  a  year's  duration  is  insufficient  to  melt  the 
snow,  even  on  land  just  raised  above  the  level  of  the  sea.    It  is  there- 
fore not  snrprising,  since  the  atmosphere  berome?  colder  in  propcn  tion 
as  we  ascend  in  it,  that  there  should  be  heights,  even  in  tropical  coun- 
tries, whf're  the  snow  never  melts.    The  lowest  limit  to  which  the  per- 
petual siiuw  extends  downwards,  from  the  tops  of  mountains  at  the 
equator,  is  an  elevation  of  not  leijs  than  16,000  feet  above  the  sea; 
while  in  the  Swiss  Alps,  in  lat.  40°  N.  it  reaches  as  low  as  8,500  feet 
above  the  same  level,  the  loftier  peaks  of  the  Alpine  chain  bein*^  from 
12,000  to  15,000  feet  high.    The  frozen  mass  augmenting  from  year  to 
year  would  add  indefinitely  to  the  altitude  of  alpine  summitis,  were  it 
not  relieved  by  its  descent  through  the  larger  and  deeper  valleys  to 
regions  for  below  the  general  snow-line.   To  these  it  slowly  finds  its 
way  in  the  form  of  rivers  of  ice,  called  glacieis,  the  eonsolidalion  of 
which  is  produced  by  pressure,  and  by  the  congelatioii  of  water  infil* 
,  tered  into  the  porous  mass,  which  is  always  undergoing  partial  liquefae^ 
tion,  and  receiving  in  summer  occasional  showers  of  nun  on  its  snrfaoe. 
In  a  day  of  hot  sunshine,  or  nuld  rain,  innumerable  rills  of  pure  and 
sparkling  water  run  in  icy  channels  along  the  surface  of  the  glaiuers, 
which  in  the  night  shrink,  and  come  to  nothing.    They  are  often  pre* 
cipitated  in  bold  cascades  into  deep  fissures  in  the  ice,  and  contribute  to- 
gether with  springs  to  form  torrents,  which  flow  in  tunnels  at  the  bot- 
tom of  the  glaciers  for  many  a  league,  and  at  lent^th  issue  at  their 
extremities,  from  beneath  beautiful  caverns  or  arches.    The  wntf^rs  of 
these  streams  are  always  densely  charirod  with  the  finest  rtiud,  pro- 
duced hy  the  grinding  of  rock  and  sand  under  the  weight  of  the  mov- 
ing mass.    (iSee  fig.  18.) 

*  M.  Arsgoi  Annnsir^  Ac  188S;  and  Rev.  J.  Farqahsrson,  FhiL  l^aaa  ISSS 
f  J4NU1L  cf  Boy.  Uec^aph.  Soa  voL  vi  p. 
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The  length  of  tno  .'5wiss  glaciers  is  someiimes  twenty  miles,  their 
width  in  the  middle  portion,  where  they  are  broadest,  occasionally  two 
or  three  miles  ;  their  depth  or  thickness  sometimes  more  than  600  feet. 
When  they  descend  steep  slopes,  and  precipices,  or  are  forced  through 
narrow  gorges,  the  ice  is  broken  up,  and  assumes  the  most  fantastic  and 
picturesque  forms,  with  lofty'peaks  and  pinnacles,  projecting  above  the 
general  level.  These  snow-white  mjtsses  are  often  relieved  by  a  dark  ♦ 
background  of  pines,  as  in  the  valley  of  Chamouni ;  and  are  not  only 
surrounded  with  abundance  of  the  wild  rhododendron  in  full  flower, 
but  encroach  still  lower  into  the  region  of  cultivation,  and  trespass  on 
fields  where  the  tobacco-plant  is  flourishing  by  the  side  of  the  peasant's 
hut. 

The  cause  of  glacier  motion  has  of  late  been  a  subject  of  careful 
investigation  and  much  keen  controversy.  Although  a  question  of 
physics,  rather  than  of  geology,  it  is  too  interesting  to  allow  me  to  pass 
it  by  without  some  brief  mention.  De  Saussure,  whose  travels  in  the 
Alps  are  full  of  original  obser\'ations,  as  well  as  sound  and  comprehen- 
sive general  views,  conceived  that  the  weight  of  the  ice  might  be  sufii- 
cient  to  urge  it  down  the  slope  of  the  valley,  if  the  sliding  motion  were 
aided  by  the  water  flowing  at  the  bottom.  For  this  "  gravitaUon 
theory"  Charpentier,  followed  by  Agassiz,  substituted  the  hypothesis  of 
dilatation.    The  most  solid  ice  is  -always  permeable  to  water,  and  pen- 
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etrated  by  inamneraUe  fissures  aod  capiUaiy  tubes*  often  extremelj 
minute.  These  tubes  imlnbe  tbe  aqueous  fluid  during  the  day,  wbinh 
freeses,  it  is  said,  in  the  cold  of  tbe  nigl  t,  and  expands  while  in  the  act 
of  congelation.  The  distension  of  tbe  whole  mass  exerts  an  immense 
force,  tending  to  propel  the  glacier  in  the  direction  of  least  resistance 
— "  in  other  words,  down  the  valley."  This  theory  was  opposed  by 
Mr.  Hopkins  on  matliematical  and  mechanical  <_Tounds,  in  several  able 
papers.  Amoni;  other  objections,  he  pointed  out  that  the  friction  of 
so  enormous  a  body  as  a  •^''lacier  on  its  bed  is  so  great,  tliat  the  vertical 
direction  would  always  be  tliat  of  least  resistance,  and  it  a  considerable 
distension  of  the  mass  should  Uikc  place,  by  the  action  of  freezing,  r. 
would  tend  to  increase  its  thickness,  rather  than  accelerate  its  down- 
Ward  progress.  He  also  eoatended  (and  his  aiguments  were  Qlustrated 
by  many  ingenious  experiments),  that  a  glacier  can  move  along  on 
extremely  slight  slope,  solely  by  the  influence  of  gravitation,  owing  to 
the  constant  dissolution  of  ice  in  contact  with  the  rocky  bottom,  and 
the  number  of  separate  fragments  into  which  the  glacier  is  divided  by 
fissures,  so  that  freedom  of  motion  is  imparted  to  its  several  parts 
somewhat  resembling  that  of  an  imperfect  fluid.  To  this  view  Profes> 
sor  James  Forbes  objected,  that  gravitation  would  not  supply  an  ade- 
quate cause  for  the  sliding  of  solid  ice  down  slopes  having  nn  inclina- 
tion of  no  more  than  four  or  five  degrees,  still  less  would  it  e\{)lain 
how  the  glacier  advnnrt's  where  the  channel  expands  and  contracts. 
The  ^ler  de  Glace  m  Chamouni,  for  example,  after  beinir  2000  yards 
wide,  passes  throuj^^h  a  strait  (  iilv  900  yards  in  width.  Such  a  gor^e, 
it  ii;  contended,  would  be  clitvk*:J  up  by  the  advance  of  any  solid 
mass,  even  if  it  be  broken  up  into  numerous  fragments.  The  same 
acute  observer  remarked,  that  water  in  the  fissures  and  pores  of  gla- 
ciers cannot,  and  does  not  part  with  its  latent  heat,  so  as  to  freese 
every  night  to  a  great  depth,  or  far  m  the  interior  of  the  mass.  Had 
the  dilatation  theoty  been  true,  the  chief  motion  cf  the  glacier  would 
have  occurred  about  sunset,  when  the  freeang  of  the  water  must  be 
'  greatest,  and  it  bad,  in  fact,  been  at  first  assumed  by  those  who  favored 
that  hyi^otheds,  that  the  mass  moved  faster  at  the  sides,  where  tbe 
melting  of  ice  waa  promoted  by  the  sun's  heat»  reflected  from  boundary 
precipices. 

Aq^assiz  appears  t<>  hare  been  the  first  to  commence,  in  1841,  aided  • 
by  a  skilful  engineer,  M.  Escher  de  la  Linth,  a  series  of  exact  measure- 
ments to  jv^ct-rtain  the  laws  of  glacier  motion,  and  he  soon  discovered, 
contrary  to  iiis  preconceived  noiion?,,  iliat  the  stream  of  ice  moved  mo.T 
glowly  at  the  sides  than  at  the  centre,  and  faster  in  the  middle  region 
of  the  glacier  than  at  its  extremity.*  Professor  James  Forbes,  who 
had  joined  Mr.  Agassiz  during  his  earlier  investigations  in  the  Alps, 

• 

*  See  SystSme  Oladairo,  by  AgoMiz,  Gujot,  am!  I>e8or,  po.  486,  437,  446.  Mr. 
Asrassiz,  at  p.  462,  states  that  he  published  in  the  Deutsche  Vierteljahrschrifl  for 
1841,  this  result  as  to  the  central  motion  being  greater  than  that  o|  the  aidei^  and 
was,  Uierefore,  the  first  to  correct  his  own  prcTious  mistake. 
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mkrtook  himaeif  an  independent  series  of  ezperimente,  which  he  fol* 
imnd  up  iriUi  great  peraevenmee,  to  determine  the  laws  of  glacier 
nolion.  Tliese  he  found  to  agree  very  closely  with  the  lawa  govem- 
kg  the  ooDiae  ol  riven»  ihehr  progress  being  greater  in  the  centre  than 
at  the  aides,  and  more  rapid  at  the  surface  than  at  the  bottom.  This 
fact  was  rorifif^d  bv  carefully  fixinp^  a  great  niimWr  of  marks  in  the 
ice,  arran (I  m  a  strniqlit  line,  which  gradually  assumed  a  beautiful 
curve,  the  middle  part  poniimg  down  the  glacier,  and  showing  a  velooi* 
tv  there,  double  or  treble  that  of  the  lateral  parts.*  He  ascertained 
tliat  the  rate  of  advHnce  by  night  was  nearly  the  same  as  by  day,  and 
lUi  even  ihe  hourly  march  of  the  icy  stream  could  be  detected,  al- 
though the  progress  might  not  amount  to  more  than  dz  or  seven  inches 
a  twielve  horn*.  By  the  incessant-  though  mvisible  advance  of  the 
narin  placed  on  the  ice,  thne."  aays  Mr.  Forbes,  '*  was  marked  out 
St  hjr  a  shadow  on  a  dia],  and  the  unequivocal  evidence  which  I  oh- 
taiud,  that  even  while  walhiDg  on  a  glacier  we  aie,  day  by  day,  and 
hoar  by  hour,  imperceptibly  carried  on  by  the  resistless  flow  of  the  icy 
sinsai,  fitted  me  with  admiration."  (Travels  in  the  Alps,  p.  133.)  hi 
order  to  eiplain  this  remarkable  regularity  of  motion,  aiid  its  obedience 
to  laws  so  strictly  analogous  to  those  of  fluids,  the  same  writer  pro- 
posed the  theory  that  the  ice,  instead  of  being  sohd  and  compact,  is  a 
viscous  or  plastic  body,  capable  of  yielding  to  great  pressure,  and  the 
more  so  in  proportion  as  its  temperature  is  higher,  and  as  it  approaches 
more  nearly  to  the  melting  point.  He  endeavors  to  show  that  this 
bypothesis  will  account  for  many  complicated  phenomena,  especially 
for  a  ribboned  or  veined  structure  which  is  everywhere  observable 
in  the  ice,  and  might  be  produced  by  lines  of  discontmuity,  arising 
fiooi  the  different  islea  at  which  the  various  portions  of  the  semi-rigid 
glacier  advance  and  pass  each  other.  Many  examples  are  adduced  to 
pon  that  a  glacier  can  model  itself  to  the  form  of  the  ground  over 
wUeh  it  is  forced,  exactly  as  would  happen  if  it  poasessed  a  certain 
dnetiH^,  and  this  power  of  yielding  under  intense  pressure,  is  shown 
Bot  to  be  ureconcilable  with  the  idea  of  the  ice  being  sufficiently  e6m» 
piet  io  break  into  fragment^,  when  the  strain  upon  its  parts  is  exces- 
sive ;  as  where  the  glacier  turns  a  sharp  angle,  or  descends  upon  a 
rapid  or  convex  «lope.  The  increased  velocity  in  summer  is  attributed 
partly  to  the  greater  phisticity  of  the  ice,  vrh*'n  not  exposod  to  in- 
lea&e  cold,  and  partly  to  the  hydrostatic  pR^ssure  of  the  water  in  the 
capillary  tubes,  which  imbibe  more  of  this  liquid  in  the  hot  sea-wn. 

Oo  the  assumption  of  the  ice  being  a  rigid  mass,  Mr.  Hoj)kins  attribu- 
Isd  tlue  more  rapid  motions  in  the  centre  to  the  unequal  mte  at  which 
the  broad  Mripes  of  ice,  intervening  between  longitudmal  fissures,  ad- 
vvwe;  but  besidea  that  there  are  parts  of  the  gbcier  where  no  such 
^■QKs  exist»  such  a  mode  of  progression,  says  Mr.  Forbes,  would  cause 
^  bodeia  of  large  tnmsverse  rents  or  "  crevasses,**  to  be  jagged  like  • 
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saw,  instead  of  being  perfectly  even  and  straight-edged.*  A  n  experiouM 
recently  made  by  Mr.  Christie,  secretary  to  the  Royal  Society,  appean 
to  defnonstriito  that  ice,  under  great  pressure,  possesses  a  suttici»'nt  de- 
gree of  moulding'  and  self-adapting  power  to  allow  it  to  be  acted  upon, 
as  if  it  were  a  pasty  substance.  A  hollow  shell  of  iron  an  inch  and  a 
half  thick,  the  interior  being  ten  inches  in  diameter,  was  filled  with  water, 
in  the  course  of  a  severe  winter,  and  exposed  to  the  frost,  with  the  fuze- 
hole  uppermost.  A  portion  of  the  water  expanded  in  freezing,  so  as  to 
protrude  a  cylinder  of  ice  from  the  fuze-hole ;  and  this  cylinder  contin- 
ued to  grow  inch  by  inch  in  proportkm  as  the  centrtl  nucleus  of  water 
frose.  As  we  oaonot  doubt  that  an  outer  shell  of  iee  is  first  fonned» 
and  then  another  wtthin^  the  continued  nse  of  the  column  through  the 
fuae«hole  must  proceed  from  the  squeesing  of  successive  shells  of  ioe 
cottcentiically  formed,  through  the  narrow  orifice ;  and  yet  the  pro- 
truded cylinder  consisted  of  entire^  and  not  fragmentary  ice.f 

The  agency  of  glaciers  in  produchig  permanent  geological  changes  con- 
sists partly  in  their  power  of  transporting  gravel,  sand,  and  huge  stones 
to  great  distances,  and  partly  in  the  smoothing,  polishing,  and  scoring 
of  their  rocky  channels,  and  the  bouodary  walls  of  the  valleys  through 
which  they  pass.  At  the  foot  of  every  steep  cliff  or  precipice  in  high 
Alpine  regions,  a  talus  is  seen  of  rocky  fracrmcnts  detached  by  the  al- 
ternate notion  of  frost  and  thaw.  If  these  loose  masses,  instead  of  ac- 
cumulcitiiii''  on  a  stationan,-  base,  happen  to  fall  upon  a  glacier,  they  will 
move  aloiiLj  with  it,  and,  in  place  of  a  single  heap,  they  will  form  in  the 
course  of  years  a  long  stream  of  blocks.  If  a  glacier  be  20  miles  long, 
and  its  annual  proi^ression  about  500  feet,  it  will  require  about  two  cen- 
turies  for  a  block  thus  lodged  upon  its  surface  to  travel  down  from  the 
higher  to  the  lower  regions,  or  to  the  extremity  of  the  icy  mass.  This 
terminal  point  remains  usually  unchanged  from  year  to  ycar»  although 
every  part  of  the  ice  is  in  motion,  because  the  liquefaction  by  heat  is  just 
sufficient  to  balance  the  onward  movement  of  the  glacier,  which  may  be 
compared  to  an  endless  file  of  soldiers,  pouring  into  a  breach,  and  shot  , 
down  as  fast  as  they  advance.  j 

The  stones  carried  along  on  the  ice  are  called  in  Switaerland  the  ( 
'*  moraines"  of  the  glacier.  There  is  always  one  line  of  blocks  on  each 
side  or  edge  of  the  icy  stream,  and  often  several  in  the  middle,  where  they  | 
are  arranged  in  long  ridges  or  mounds,  often  several  yards  high.  (See 
fig.  18,  p.  228.)  The  cause  of  these  "  medial  moraines"  was  first  ex- 
plfuned  by  Agassiz,  who  referred  them  to  the  confluence  of  tributary 
glaciers.!  Upon  the  union  of  two  streams  of  ice,  the  right  lateral  moraine 

•  Soo  Mr.  Hopkina  on  Motion  of  Olsders,  Cambriilt^e  PhiL  Tmna.  1844,  wid 
Phil  hiii^.  1S46.    Some  of  the  iate  concessiQiis  of  Una  author  as  to  a  cert^iin  \-)a» 
ticity  in  tlie  mana,  appear  to  me  to  make  die  difference  between  him  and  Vt"{<  • 
tor  Fnrhe'^  little  more  thnn  one  of  degree.   (For  (he  Isteiit  auiiuiiary  of  FnL  ' 
Forbes'  views,  see  Phil.  Trans.  1846,  pt.  2.) 

f  This  experiment  is  cited  bj  Mr.  Forbe<|  Flul  Tttm,  1846,  p.  S06  ;  end  I  bave 
eonvcrsol  with  Mr.  Christie  on  the  sutyecL 
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of  one  of  the  streims  comes  in  eontact  irith  the  left  lateral  moraine  ol 
tlie  olber,  and  they  afterwards  move  on  together,  in  the  centre,  if  the 
confluent  gladers  are  equal  tn  siae,  or  nearer  to  one  side  if  nneqnal. 

All  sand  and  fragments  of  soft  stone  which  fall  through  fismires  and 
reseh  the  bottom  of  the  glaciers,  or  which  are  interposed  between  the 
^kcier  and  the  steep  sides  of  the  valley,  are  pushed  along,  and  ground 
down  into  mud,  while  the  larger  and  harder  frngmenta  have  their  angles 
worn  off.  At  the  same  time  the  fundamentnl  nnd  boundary  rocks  are 
smoothed  and  polished,  and  often  scored  with  parallel  furrows,  or  with 
lines  and  scratches  produced  by  hard  minerals,  such  as  crystals  of  quarts, 
which  act  like  the  diamond  upon  giass.*  This  etfect  is  perfectly  differ- 
eQl  from  that  caused  by  the  action  of  water,  or  a  muddy  torrent  forcinsf 
along  heavy  fragments  ;  for  when  stones  are  fixed  firmly  in  the  ice,  and 
psihed  akiig  by  it  under  great  pressure,  in  straight  lines,  they  scoop  out 
ioog  rectilinear  furrows  or  grooves  parallel  to  each  other.f  The  dis- 
covery of  such  markings  at  various  heights  §bi  ahove  the  surfiMse  of  the 
etiitiog  gladers  and  for  miles  heyond  dieir  present  terminations,  aflbrda 
geological  evidence  of  tlie  fotmer  eztensioa  of  the  ice  beyond  its  preeent 
Eniits  in  Switzerland  and  other  countries. 

The  moraine  of  the  glacier,  observes  Charpentier,  is  entirely  devoid  of 
stratification,  for  there  has  been  no  sorting  of  the  materials,  as  in  the  case 
of  sand,  mud,  and  pebhles,  when  deposited  by  nmningr  water.  The  ice 
transports  indifferentlr,  and  to  the  same  spots,  the  heaviest  blocks  and 
the  finest  particles,  mingling  all  together,  and  leaving  them  in  one  con- 
fix and  promiscuous  heap  wherever  it  raelts.|  , 

luberqs. — In  countries  situated  in  high  northern  latitudes,  like  Spitz- 
bergen,  between  70**  and  80*^  N.,  glaciers,  loaded  with  mud  and  rock, 
descend  to  the  sea,  and  there  huge  fragments  of  them  float  off  and  be« 
eons  icebergs.  Scoveshy  counted  500  of  these  beings  driftmg  along 
is  Istitndes  69^  and  70^  K.,  which  rose  above  the  surface  from  the 
lieight  of  100  to  200  fieet,  and  measured  frxMn  a  few  yards  to  a  mile  m 
ctteamference.f  Hany  of  them  were  loaded  with  beds  of  earth  and  rock 
of  such  thickness,  that  the  we^ht  was  conjectured  to  be  from  60,000  to 
100.00O  tons.  Specimens  of  the  rocks  were  obtained,  and  among  them 
were  ^nitc,  gndss,  mica-schist,  clay-slate,  granular  felspar,  and  greeur 
»^one.   Such  bergs  must  be  of  great  magnitude ;  because  the  mass  of 

below  the  level  of  the  water  is  about  eight  times  greater  than  that 
al^tve.  Wherever  they  are  dissnlved,  it  is  evident  that  the  "  moraine" 
^11  fall  to  the  bottom  of  the  sea.  In  this  manner  may  submarine  val- 
Ws,  mountains,  and  platforms  become  strewed  over  with  gravel,  sand, 
mad,  and  scattered  blocks  of  foreign  rock,  of  a  nature  perfectly  dissimi- 
Isrfrom  all  in  the  vicinity,  and  which  may  have  been  transported  across 
nafetbomable  abysses.  If  the  ber^  happen  to  melt  in  still  water,  so 
tlist  tbe  earthy  and  stony  materials  may  fall  traaquiUy  to  the  bottom, 

*  See  Manual  of  Oeol.  ck  xi 

\  An;a.vHi/,  .Jam.  Ed.  N'ew  PhiL  Joan.  Na  S4,  888. 

X  ^'harjMtttier,  Ann.  dm  MioM^  torn,  viii ;  »ce  also  Papers  by  MM.  YeuelS  sad 
Agucu.  §  Voyage  in  1822,  pb  238. 
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tbfi  dfipoflit  wiU  prdbaiblf  be  unstmtiiied,  fike  the  termiiial  monune  of  a 
glaeier ;  bat  whenever  the  niAteriak  are  under  the  infliieiice  of  a  current 

of  water  as  they  fall,  they  will  he  sorted  and  anraoged  according  to  theit 
relative  weight  and  size,  and  therefore  more  or  less  perfectly  stratified. 

In  a  former  chapter  it  was  stated  thht  some  ice  islands  have  been 
known  to  drift  from  Baffin's  Bav  to  the  Azores,  and  from  the  South  Pole 
to  the  immediate  neis^'bhorhood  of  the  Cape  of  Good  Hope,  so  that  the 
area  over  which  the  etfecLs  of  moving  ice  may  be  experienced,  compre- 
hends a  large  portion  of  the  globe. 

We  learn  from  Vou  ilucli  ti)at  the  mmt  southern  point  on  the  conti- 
nent of  Europe  at  which  a  glacier  comes  down  to  tlie  sea  is  in  I^orway 
in  lat  87^  N.*  But  Mr.  Darwm  has  shown,  that  they  extend  to  the 
^n,  in  South  America^  in  ktitudee  more  than  20**  nearer  the  equator 
than  in  Surape ;  ae*  for  eiample^  in  Chili,  where,  m  the  Gulf  of  Penaik 
hit  16^  40'  S„  or  the  latitude  of  eential  France;  and  m  Sir  George 
Eyre'a  Sound,  m  the  latitude  of  Pane,  th^  giTO  origin  to  ioeberge,  which 
were  seen  in  1834  canyiog  angular  pieces  of  granite,  and  stranding  them 
in  fiords,  where  the  shores  were  composed  of  cky-slate.f  A  large  pro* 
portion,  however,  of  the  ice-islaods  seen  floating  both  in  the  northern 
and  southern  hemispheres,  are  probably  not  generated  by  glaciers,  but 
rather  bv  the  accumulation  of  coast  ice.  When  the  sea  freezes  at  the 
base  of  n  loftv  precipice,  the  sheet  of  ire  is  prevented  from  adhorinrf  to 
the  land  by  the  rise  and  fall  of  the  tide.  Nevertheless,  it  otu  n  cm- 
tinues  on  the  shore  at  tlie  foot  of  the  cliff,  and  i^ceives  accessioiit.  of 
drift  snow  blown  from  the  land.  Under  the  weight  of  this  snow  the  ice 
Mnks  slowly  if  the  water  be  deep,  and  the  snow  is  gradually  converted 
iftto  ice  hj  partial  fiquefoetion  and  re-eongdatk>n.  In  this  maanar,  islands 
of  ice  of  great  thickness  and  many  leagues  in  leDgtJv  originate,  and  are 
evcDtually  blown  out  to  sea  by  off>shore  winds,  hi  their  interior  are  in* 
closed  many  fragments  of  stone  which  had  fallen  upon  them  from  over- 
hanging cUfis  during  their  formation.  Such  0oatiDg  Icebergs  are  com- 
monly flat-topped,  hut  their  lower  portions  are  liable  to  melt  in  latitudes 
where  the  ocean  at  a  moderate  depth  is  usually  warmer  than  the  surface 
water  and  the  ^r.  Hence  their  centre  of  gravity  changes  oontinuaUy* 
and  they  turn  over  and  assume  very  irrerrular  shapes. 

In  a  voyage  of  discovery  made  in  thf  antarctic  regions  in  1830,  a  dark 
colored  angular  mass  of  rock  was  seen  imbedded  in  an  iceberg^,  drifting 
along  in  mid-ocean  in  lat.  61"  S.  That  part  of  the  rock  winch  wtis  \ 
ble  was  about  12  feet  in  heicfht,  and  from  i>  to  0  in  width,  but  the  dark 
color  of  the  surrounding  ice  indicated  that  much  more  of  the  stone  was 
concealed.  A  sketch  made  by  Mr.  Macnab,  when  the  Tcssel  waa  within 
a  q;uart6r  of  a  mile  of  it»  is  now  published.|  This  iceberg,  one  of  many 
obserred  at  aea  on  the  ssme  day,  was  between  260  and  800  feet  high^ 
and  waa  no  leas  than  1400  miles  from  any  certainly  known  land.  It  is 
eiceedingly  improbable,  says  Mr.  Darwm,  in  his  notice  of  this  phenom* 

*  Trsvek  in  Norway.  f  Darwin's  Journal,  i&t. 

I  -Jbiin.<of  Boy.  G«>graph.  Soa  tqL  he  p. 
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enon,  that  any  land  will  hereafter  be  discovered  withia  100  railed  of  the 
spot,  and  it  must  be  remembered  that  the  erratic  was  still  firmly  fixed 
n  the  ice,  aod  may  Iwve  aaUed  for  many  a  league  further  hiom  it 
dropped  to  the  bottom.* 

Cftptam  Sir  James  Boas,  b  hie  antarotie  Toyage  in  1841»  A2,  and  43, 
mw  muhitadea  of  ioebarga  tranaportiiig  atonea  and  locka  of  Tariona. 
mes,  with  frozen  mod,  in  high  eouthem  latitades.  His  companion. 
Dr.  J.  Hooker,  informs  me  that  he  came  to  the  eonclusioa  that  moat 
d  the  southern  icebergs  have  stones  in  them,  although  they  are  usually 
eoQcealed  ^m  view  by  the  quantity  of  snow  which  falls  upon  them. 

In  the  account  g-iven  by  Messrs.  Dense  and  Simpson,  of  their  recent 
arctic  discoveries,  we  learn  thnt  in  lat.  Vl°  N.,  long.  156°  W.,  they 
found  "  a  long  low  spit,  named  Point  Barrow,  composed  ot  gravel  and 
coarse  sand,  in  some  parts  more  than  a  quarter  of  a  mile  broad,  wliich 
ihe  pressure  of  the  ice  had  forced  up  "nto  imuieruus  mounds,  th&t, 
riewed  from  a  distance,  assumed  the  appearance  of  huge  botddcr 
ioel»."t 

This  fiiet  is  important,  as  showing  how  masses  of  drilt  ioe^  when 
itnmding  on  snhnDarine  hanha,  may  eiert  a  hiteral  pressnre  oapable  of 
beading  wad  dislocating  any  yielding  atrata  of  gravel,  sand,  or  mnd. 
The  bsnha  on  wliieh  ieebeiga  oeeasionany  ran  agnnmd  oetween  Baffin'a 

Bay  and  Newfoundland,  are  many  hundred  feet  under  water,  aod  the 
fcree  with  which  they  are  struck  will  depend  not  so  much  on  the  ve- 
locity as  the  momentum  of  the  floating  ice-islands.  The  same  berg  is 
often  carried  away  by  a  change  of  wind,  and  then  driven  back  again 
upon  the  same  bank,  or  it  is  mad  ■  to  rise  and  fall  by  the  waves  of  the 
ocean,  so  that  it  may  alternately  strike  the  bottom  with  its  whole 
weight,  and  then  be  lifted  up  again  until  it  has  deranged  the  superficial 
beds  over  a  wide  area.  In  this  manner  the  geologlRt  may  accuunt,  per- 
haps, for  the  circumstance  that  in  Scandinavia,  Scotland,  and  other 
countries  where  erratics  are  met  with,  the  heds  of  sand,  loam,  and 
gnfd  are  often  Tortical,  bent,  aod  contorted  into  the  moat  complicated 
Mds,  while  the  underlying  strata,  although  composed  of  equally  pliant 
anterisls,  are  horiaontal.  But  some  of  these  curvatures  of  loose  strata 
may  slso  ha?e  been  due  to  repeated  altemationa  of  kyexs  of  gravel  and 
nnd,  ice  and  snow,  the  melting  of  the  hitter  having  caused  the  intercap 
Itted  beds  of  indestructible  matter  to  assume  their  present  anomalous 
position. 

Tliere  can  be  little  doubt  that  icebergs  must  often  break  oflf  the  peaks 

and  projecting  points  of  suhmHrine  mountains,  and  must  grate  upon  and 
pc'li^^h  their  surface,  furrowing  or  scratching  thera  in  precisely  the  same 
way  as  we  have  seen  that  glaciers  act  on  the  solid  rocks  over  which 
they  are  propelled.^  ^ 

*  Joam.  of  Roy.  Oeograph.  Soa  ToL  ix  p.  629 
t  Ibid.  voL  viiL  p.  221. 

t  }d  my  Travels  in  N.  America,  pp.  19,  S8,  Ae^  and  Second  Vi<>i^  to  the  U. 

*oL  L  rh.  2,  also  in  ni%-  Mnni);il  of  GooIom-v,  a  more  fnH  nrcfnint  of  the  SOtioil  o| 
ioatiiit^  kit  ami  cuo^t-ice,  imd  its  bcaxuig  uu  geology,  wiii  be  louud. 
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To  conclude :  it  appears  that  large  stones,  mud,  and  gravel  are  car- 
ried down  by  the  ice  of  rivers,  estuaries,  and  glaciers,  into  the  sea, 
where  the  tides  and  currents  of  the  ocean,  aided  by  the  wind,  cause 
them  to  drift  for  hundreds  of  miles  from  the  place  of  their  origin.  Al- 
though it  will  belong  more  properly  to  the  seventh  and  eighth  chapters 
to  tretit  of  the  transportation  of  solid  matter  by  the  movements  of  the 
ocean,  I  shall  add  here  what  I  have  farther  to  say  on  this  subject  in 
connection  with  ice.  , 

The  saline  matter  which  sea-water  holds  in  solution,  prevents  its  con- 
gelation, except  where  the  most  intense  cold  prevails.  But  the  drifting 
of  the  snow  from  the  hind  often  renders  the  surface-water  brackish  n€&r 
the  coast,  so  that  a  sheet  of  ice  is  readily  formed  there,  and  by  this 
means  a  large  quantity  of  gravel  is  frequently  conveyed  from  place  to 
place,  and  heavy  boulders  also,  when  the  coast-ice  js  packed  into  dense 
masses.  Both  the  large  and  small  stones  thus  conveyed  usually  travel 
in  one  direction  like  shingle-beaches,  and  this  was  observed  to  take 
place  on  the  coast  of  Labrador  and  Gulf  of  St.  Lawrence,  between  the 
latitudes  50°  and  60°  N.,  by  Capt.  Bayfield,  during  his  late  survey. 
The  line  of  coast  alluded  to  is  strewed  over  for  a  distance  of  700  miles 
with  ice-borne  boulders,  often  6  feot  in  diameter,  which  are  for  the  most 
part  on  their  way  from  north  to  south,  or  in  the  direction  of  the  prevail- 
ing current.  Some  points  on  this  coast  have  been  observed  to  be  occa- 
sionally deserted,  and  then  again  at  another  season  thickly  bestrewed 
with  erratics. 

The  accompanying  drawing  (fig.  19),  for  which  I  am  indebted  tc 


Flf.  19. 


Boaldon,  chiefly  of  granite,  stranded  bj  ic«  on  tlie  cout  of  Labrador,  between  laL  50°  and  00^  K 

(Lieut  Bowen,  B.  N.) 

Lieut.  Bowen,  R.  N.,  represents  the  ordinary  appearance  of  the  Labrador 
coast,  between  the  latitudes  of  50°  and  60°  N.  Countless  blocks,  chiefly 
granitic,  and  of  various  sizes,  are  seen  lying  between  high  and  low-watei 
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ionk.  Ciipt  Bayfield  saw  sunihnr  mwwifH  carried  hj  we  throqgb  tha 
Stniti  of  Belle  Ide,  between  Kewfoundland  and  the  Amerieaa  eonti- 
WtA,  whieh  ha  conceives  may  have  travelled  in  the  course  of  yean 
from  Baffin's  Bay,  a  distance  which,  may  be  compared  in  our  hemisphere 
to  the  drifting  of  erratics  from  Lapland  and  Iceland  as  far  touth  as  Ger- 
many, France,  and  England. 

It  may  be  asked  in  what  manner  have  these  blocks  been  orij^inally 
detached?  We  may  answer  that  so|j»e  have  fallen  from  precipitous 
cliffs,  others  have  been  hfted  up  from  tiie  botloin  of  the  sea,  adhering 
by  their  tops  to  the  ice,  while  others  have  been  brought  down  by  rivers 
and  glaciers. 

Tlie  erratics  of  North  Ametica  are  sometimes  angular,  but  most  of 
tliem  have  been  rounded  either  by  friction  or  decomposituMi.  The 
granite  of  Canada;  as  befoie  remained  (p.  221),  has  a  tendency  to  con- 
ceolric  eifoliataon,  and  scales  off  in  spheroidal  coats  when. exposed  to 
the  spray  of  the  sea  duiuig  severe  frosts.  The  range  of  the  uermonw- 
ttr  in  that  ooontry  usually  eioeeds»  m  the  course  of  the  year,  100*,  and 
aometiiiies  120®  F. ;  and,  to  prerent  the  granite  used  in  the  buildings 
cf  Qnebeo  from  peeling  off  in  wmter,  it  is  neoessaiy  to  oil  and  paint  ^e 
iqaared  stones.  ^ 

Id  parts  of  the  BalUc,  such  as  the  Gulf  of  Bothnia,  where  the  quan- 
tity of  salt  in  the  water  amounts  in  general  to  one  fourth  only  of  that  in 
the  ocean,  the  entire  surface  freezes  over  in  winter  to  the  depth  of  5  or 
6  feet.  Stones  are  thus  frozen  in,  and  afterwards  lifted  up  about  3  feet 
perpendicularly  on  the  meltinLf  of  the  snow  in  summer,  and  then  carried 
bv  tloaiini:  ice-inlands  to  great  distances.  Professor  Von  Baer  states,  in 
a  communication  on  this  subject  to  the  Academy  of  St.  Petersburg,  that 
a  block  of  granite,  weighing  a  million  of  pounds,  was  carried  by  Km  dur- 
ing the  winter  of  1887-8  from  Finland  to  the  island  of  Hockland,  and 
two  other  huge  blocks  were  transported  about  the  years  1806  and  1814 
b]r  pscked  ice  on  the  south  coast  of  Fuiland,  according  to  the  testimony 
«f  die  pQots  and  inhabitants,  one  block  having  traTelled  about  a  quarter 
of  a  mfle,  and  lying  about  16  feet  above  the  level  of  the  sea.* 

More  recently  Dr.  Forshhammer  has  shown  that  in  the  Sound,  the 
Great  Belt,  and  other  places  near  the  entrance  of  the  Baltic,  ground-ico 
forms  plentifully  at  the  bottom  and  then  rises  to  the  surface,  charged 
with  sand  and  gravel,  stones  and  sea-weed.  Sheets  of  ioe^  also,  with 
included  boulders,  are  driven  up  on  the  coast  durini;  storms,  and  "  pack- 
ed" to  a  height  of  50  feet.  To  tlie  motion  of  t^uch  masses,  but  still 
more  to  that  of  the  ground-ice,  the  Danish  professor  attributes  the  stria- 
tion  of  rocky  surfaces,  forming  the  shores  and  bed  of  the  sea,  and  he  re- 
lates a  striking  fact  to  prove  that  large  quantities  of  rocky  fragments 
•W  annually  carried  by  ice  out  of  the  Baltic.  "  In  the  year  1807,"  he 
B&ys*  "St  the  time  of  the  bombardment  of  the  Danish  an  English 
dsop-t(-war,  riding  at  anchor  in  the  roads  at  Copenhagen,  blew  up.  In 
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1844,  or  thirty-seven  yean  afterwards,  one  of  our  diTera;  known  to  ])e  a 
tniBtworthy  man,  went  down  to  aave  whatever  ought  yet  remam  in  the 
ifaipwreeked  vesaeL  He  found  the  apace  between  deoka  entire^  bol 
covered  with  Uocka  from  6  to  8  cnbio  feet  in  ain,  and  aome  ot  tkem 
heaped  one  upon  the  other.  He  alio  affirmed*  that  all  the  anak  ship 
which  he  had  mted  in  the  Sound,  weie  m  like  mamier  atrewed  ovir 
with  Uoeka." 

Dr.  Fovehhammer  also  infonps  us,  tli  u  daring  an  intense  frost  in 
February,  1844,  the  Sound  waa  auddenly  frozen  over,  and  sheets  of  ice, 
driven  by  a  storm,  were  heaped  up  at  the  bottom  of  the  Bay  of  Taar- 
beijk,  threatening  to  destroy  a  fishing-pillage  on  the  shore.  Tlie  whole 
was  soon  frozen  together  into  one  nias.s%  and  forced  up  on  the  be^ch, 
formini^  a  mound  more  than  16  feet  high,  which  threw  down  the  walk 
of  several  buiUiinn--.  "  ^Vhen  I  visited  the  spot  n*  \t  day,  I  saw  ridges 
of  ice,  sand,  and  pebble^^,  not  only  on  tiic  shore,  but  extending  far  out 
into  the  bottom  of  the  sea,  sliowing  how  L(reatly  its  bed  had  been  changed, 
and  iiow  easily,  where  it  is  composed  of  rock,  it  may  be  furrowed  and 
streaked  by  stones  tirmly  fixed  in  the  moving  ice.'** 


CHAPTER  XVL 

PHSNOMSNA  OF  BPftlKOS. 

Origin  of  Springs — Arteaian  weUa^BoringB  at  Pari»— DUttnet  caoaes  by  which 
mittend  and  Uiermal  water*  may  be  raised  to  die  taribee— >11ieir  oonaecCico  with 
Tuieanie  agency — CalcaraoiM  epringB — Travertin  of  the  ^ta— Batba  of  San 

Vignone  find  of  San  Filippo,  nonr  Uaflioofani — Sphemfdal  ttriicture  in  trnTprtin 
— Lake  of  the  buifutara,  near  Rome — Travertin  atCaiscade  ol  Tiroli — Oyp^eoiu, 
siliceous,  and  ferruginous  spriiigi^ — Brine  springs — Carbonated  springs — Di^ 
tcgration  of  granite  in  AuTergne-N.Petroleuiii  aprioga— Ktdi  lake  of  TViudad. 

Origin  of  springs. — The  action  of  runnincr  water  on  the  surface  of  the 
land  havin!:^  been  considered,  wc  mny  next  turn  our  attention  to  what 
may  be  termed  "the  subterranean  drainacre,"  or  the  phenomena  ot 
sprini!;s.  Kver\^  one  is  familiar  witii  the  fact,  that  eertain  porous  soils, 
such  JUS  ]o«iM  s  iiid  and  gravel,  absorb  water  with  rapidity,  and  that  the 
ground  composed  of  them  soon  dries  up  after  heavy  showers.  If  a  well 
be  sunk  in  such  soils,  we  often  penetrate  to  considenible  depih.>  before 
we  meet  wnth  water  ;  but  tiiis  is  usu^illy  found  on  our  approaching  the 
lower  parts  of  the  formation,  where  it  rests  on  some  impervious  bed  ;  for 
here  the  water,  miable  to  make  its  way  downwards  in  a  direct  line. 
aceaiDiilatoB  as  m  a  reaervdr,  and  is  nadj  to  ooce  out  into  any  opening 
wlileh  may  be  made,  in  the  same  manner  aa  we  see  tlie  salt  water  flow 
into,  and  fill,  any  hoDow  wbich  we  dig  in  the  sands  of  the  shore  at  low  tidai 

•  Bulletin  da  U  Boe.  OteL  de  Aanee,  1847,  ton.  st.  pp.  1168,  IIBS. 
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The  facility  with  which  water  can  percolate  loose  and  gravelly  soils 
is  clearly  illustrated  by  the  effect  of  the  tides  in  the  Thames  between 
Richmond  and  London.  The  river,  in  Lliis  part  of  its  course,  flows 
through  a  bed  of  gravel  overlying  cUy*  and  the  porous  superstratum 
■  ilteniiUelj  ntanted  hf  the  mtor  €f  the  TbamM  as  the  tide  ikea, 
SMI  UwB  dnined  again  to  the  diatanee  of  aeveial  hundred  feet  frooi  the 
btab  when  the  tide  &]l8»  ao  that  the  welk  in  tlua  tnet  regularly  ebb 
and  flow. 

If  the  trananuMion  of  water  thioiigh  a  porooa  nledinm  be  ao  lapld, ' 
«e  cannot  he  am|iiiaed  that  apiii^  ahoaM  be  thtown  ont  on  the  aide 
of  ahiU,  where  the  upper  aet  of  atnta  cooaiat.of  ohalk,  sand,  or  other 
permeable  sabataneea*  while  the  subjacent  are  com  posed  of  clay  or 
other  reteotcre  aoib.  The  oolj  diflOeolty,  indeed,  is  to  explain  why  the 
water  does  not  ooae  out  eveatfwban  along  the  line  of  junction  of  the 
two  formations,  so  as  to  form  one  continuous  land-soak,  instead  of  a 
few  gprinors  only,  and  these  far  distant  from  each  other.  The  principal 
cause  of  this  concenf  ration  of  the  waters  at  a  few  points  is,  first,  the 
frequency  of  rents  and  tissures,  which  act  as  natural  drains  ;  secondlv, 
the  exisi^'nce  of  inequalities  in  the  upper  siuface  of  the  inipermeabie 
stratum,  which  lead  the  water,  as  valleys  do  on  the  external  surface  of 
a  country,  into  cert;iin  low  levels  and  channels. 

That  the  gcneraUty  of  springs  owe  their  supply  to  the  atmosphere  is 
endent  from  thi§,  that  they  become  languid,  or  entirely  cease  to  flow, 
after  long  droughts,  and  are  again  repleniahed  after  a  eontinnance  of 
laia.  Bfany  of  then  are  probably  indebted  for  the  conatancy  and  uni- 
fbrmity  of  their  TOlwne  to  the  great  extent  of  the  anbterranean  reser- 
Toiia  with  whbh  they  commnnieate^  and  the  time  required  for  theae  to 
eaiplj  themaelrea  by  peroolation.  Sueh  a  gradual  and  regulated  dia- 
ehaige  ta  exhibited^  though  in  a  leaa  peifeot  degree,  in  every  great  lake 
wldeh  ia  not  sensibly  affected  in  its  level  by  sudden  showers,  but  only 
liightly  niisod  ;  so  that  ita  channel  of  efflux,  instead  of  being  swollen 
mddeniy  hke  the  bed  of  a  tonent,  ia  enabled  to  carry  off  the  anrploa 
valer  gradually. 

Much  light  has  been  thrown,  of  late  years,  on  thr  theory  of  springs 
bv  the  borinar  of  what  are  called  bv  the  French  *'  Artesian  w^ll),"  be- 
eause  the  method  has  long  been  known  and  practised  in  Artois  ;  and  it 

now  demonstrated  that  ^cre  arc  sheets,  and  in  some  places  currents 
<Jl  fre^}l  water,  at  various  depths  in  tiio  earth.  The  instrument  era- 
pl'jycd  in  excavatinar  these  wells  is  a  lari^e  augur,  and  the  cavity  bored 
ia  usually  from  thrn  to  four  inches  in  diameter.  If  a  ha^^d  rock  is  met 
with,  it  is  first  triiurated  by  an  iron  rod,  and  the  materials  beinsf  thus 
teduced  to  small  fragments  or  powder,  are  readily  extracted.  To  hinder 
the  adea  of  the  well  from  falling  in,  as  also  to  prevent  the  spreading  of 
tbe  ascending  water  in  the  sunounduig  soil,  a  jomted  pipe  ia  introduced, 
fcrmed  o€  wood  in  Artois,  but  in  other  conntriea  more  commonly  of 
netaL  It  frequently  happens  that,  after  passing  through  hundreds  of 
fset  of  retentire  soils,  a  water-bearing  stratum  is  at  length  pieroedf 
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when  the  fluid  immediately  ascends  to  the  surface,  and  flows  orer. 
The  first  rush  of  tbo  water  up  the  tabe  is  often  viole&t^flo  thai  foratime 
the  wister  plays  like  a  fonntaiD,  and  then,  sinUng,  oontiniias  to  flow  over 
tranquilly,  or  sometiiiies  remains  stationary  at  a  certata  depth  below  the 
onfice  of  the  well.  This  spouting  of  the  water  m  the  fiist  bstanee  is 
probably  owing  to  the  disengsgement  of  air  and  carbonie  add  gas*  for 
both  of  these  have  been  seen  to  bubbk  up  with  the  water.* 

At  Sheemess,  at  the  mouth  of  the  Thames,  n  well  was  bored  on  n 
low  tongue  of  land  near  the  sea,  through  300  feet  of  the  blue  clay  of 
London,  below  which  a  bed  of  sand  and  pebbles  was  entered,  bclonginfr, 
doubtless,  to  the  plastic  clay  formation  ;  when  this  stratum  was  pierced, 
the  water  burst  up  with  impetuosity,  and  tilled  flie  well.  By  another 
perforatioQ  at  the  same  place,  the  water  was  found  at  the  depth  of  326 
feet  below  the  surface  clay  ;  it  first  rose  rapidly  to  the  height  of  189  feet, 
and  then,  in  the  course  of  a  few  hours,  ascended  to  an  elevation  o( 
eight  feet  above  the  level  of  the  ground.  In  1824  a  well  was  dug  at 
Fnlbam,  near  the  Thames,  at  the  Bishop  of  London's*  to  the  depth  ot 
817  feet,  which,  alter  traversing  the  tertiary  strata,  was  eonttaned 
through  67  feet  of  chalk.  The  water  immediately  rose  to  the  suftoe, 
and  the  discharge  was  about  50  gallons  per  minute.  In  the  garden  of 
the  Horticultural  Society  at  Chiswick,  the  borings  psssed  through  19  * 
feet  of  gravel,  242^  feet  of  clay  and  loam,  and  67^  feet  of  chalk,  and 
the  water  then  rose  to  the  surface  from  a  depth  of  929  feet.f  At  the 
Duke  of  Northumberland's,  above  Chiswick,  the  borings  were  carried  to 
the  extraordinary  depth  of  620  feet,  so  as  to  enter  the  chalk,  when  a 
considerable  volume  of  water  was  obtained,  which  rose  four  feet  above 
the  surface  of  the  g^round.  In  a  well  of  Mr.  Brook*;,  at  iianimersmith, 
the  rush  of  water  from  a  depth  of  360  Icet  was  so  great,  as  to  inundiuo 
sevend  buildings  and  do  considerable  damage  ;  and  at  Tooting,  a  suffi- 
cient stream  was  obtained  to  turn  a  wheel,  and  raise  the  water  to  the 
upper  stories  of  the  bouse8.|  In  1838,  the  total  supply  obtained  from 
the  chalk  near  London  was  estimated  at  nx  million  gallons  a  day,  and, 
in  1851,  at  nearly  double  that  amount,  the  increase  beutg  accompanied 
by  an  average  &11  of  no  leas  than  two  feet  a  year  in  the  level  to  which 
the  water  rose.  The  water  stood  commonly,  in  1822,  at  high-water 
mark,  and  had  sunk  in  1851  to  45,  and  in  some  weUs  to  65  feet  below 
high-water  mark.§  This  fact  shows  the  limited  capacity  of  the  subter- 
ranean reservoir.  In  the  last  of  three  wells  bored  tluongb  the  chalk 
at  Tours,  to  the  depth  of  several  hundred  feet,  the  water  rose  32  feet 
above  the  level  of  the  soil,  and  the  discharge  amounted  to  800  cubic 
yards  of  water  every  twenty-four  hours.| 

By  way  of  experiment,  the  sinking  of  a  well  was  commenced  at  Paiii 

•  OooAolt  J.  i^astwioh,  Water-bearing  Strata  around  London.  IBbL  (Vaa 

f  Sahino,  .Tourn.  of  Sci.  No.  xxxiii.  p.  72.  1884. 

;  Hericart  do  Thury.  "  PuiU  For6sv"  p.  49.  §  Preatwicb,  p  69 

1  Bull,  do  la  Soc.  Q§oL  de  France,  torn  iii.  p.  194. 
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■I  1884»  which  had  naelttd,  in  NoYemher,  1880»  ft  depth  of  mora  thin 
1600  Engliah  feet,  and  yet  no  water  aaoended  to  the  mufaoe.  The 
goffemmeiit  wen  pennaded  by  M.  Ango  to  penevero,  if  neoeseary,  to 
the  depth  of  more  than  2000  feet ;  hut  when  they  had  deeoeoded 

above  1800  English  feet  below  the  surface,  the  wiUer  rose  through 
the  tube  (which  was  about  ten  inches  in  diameter),  so  as  to  discharge 
half  a  million  of  gallons  of  limpid  water  every  twenty-four  hours.  The 
temperature  of  the  water  increased  at  the  rate  of  1^  8'  F.  for  every  101 
English  feet,  as  they  went  down,  the  result  agreeint^  very  closely  with 
the  anticipations  of  the  scientiiic  adriserB  of  this  most  spirited  under- 
taking. 

Mr.  Briggs,  the  British  consul  in  Egypt,  obtained  water  between 
Cairo  and  Suez,  m  a  calcareous  sand,  at  the  depth  of  thirty  feet ;  but 
B  did  not  tiae  ID  the  well*  Bat  other  borings  in  the  aame  deaert,  of 
laiiable  depth,  between  50  and  800  feet»  and  which  paaaed  throngh 
•  dteniationB  of  iand»  clay,  and  ailioeooa  rock,  yielded  water  at  the 

The  riae  and  overflow  of  the  water  in  Arteaian  walk  ia  generally 
idiBned,  and  apparently  with  reason,  to  the  aame  jninciple  as  the  play 
of  an  artificial  fountain.  Let  the  poroua  atratum  or  set  of  atrata,  a  a, 
rest  on  the  impermeable  rock  d,  and  be  eofered  by  another  mass  of  an 
hnpermeable  nature.  The  whole  mass  a  a  may  easily,  in  such  a  posi- 
tion, become  saturated  with  water,  which  may  descend  from  its  higher 
aod  expoaed  parta — a  hilly  region  to  which  clouda  are  attracted,  and 


where  ram  frUa  in  abondanoe.  Suppose  that  at  aome  pomt^/tt  at  h, 
aa  opening  be  made^  which  givea  a  free  passage  upwarda  to  the  watera 
CQofiiwd  in  a  a,  at  ao  low  a  level  that  they  aie  ai^ijeeted  to  the  proa- 
m  of  a  conaideiBble  colnmn  of  water  collected  in  the  mora  elevated 
portian  of  the  same  stratum.  The  water  will  then  rush  out,  just  as  the 
fi^md  from  a  large  barrel  which  ia  tapped,  and  it  will  rise  to  a  height 
corresponding  to  the  level  of  ka  point  of  departure,  or,  rather,^  to  a 
height  which  balances  the  pressure  previously  exerted  by  the  confined 
waters  ag^nst  the  roof  and  sides  of  the  stratum  or  rej-ervoir  a  a.  In 
Hke  manner,  if  there  happen  to  be  a  natural  tissuro  c,  a  spring  will  be 
produced  at  the  surface  on  precisely  the  same  princijil*'. 

Among  the  causes  of  the  failure  of  Artesian  wells,  we  may  mention 
those  numerous  rents  and  faults  which  alxjund  in  some  rocks,  and  the 

•  Boa6  R^um6  de*  Pr.>g.  dp  la  G^oL  en  IM%  W4 
f  Seventh  Rep.  BhL  Aaa.  lb'6l,  p.  6A. 
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ileep  ravinei  and  TitDeys  by  wlibli  many  coaateiei  ara  travened ;  for, 
when  these  natural  fineB  of  dninage  exist,  there  fenudns  a  smdl  qmii* 
tity  only  of  water  to  escape  by  artifioial  issnes.  We  are  also  liable  to 
be  baffled  by  the  great  tUcloiefls  either  oC  porous  or  impenrious  stnt% 
or  by  the  dip  of  the  beds,  which  may  carry  off  the  waters  from  the  ad* 
joming  high  lands  to  some  trough  in  an  opposite  direction,  as  when  tiie 
borings  are  made  at  the  foot  of  an  escarpment  where  the  stenta  incline 
inwards*  or  in  a  direction  opposite  to  the  fiuie  of  the  cliflb» 

The  mere  distance  of  hills  or  mountains  need  not  discourage  us  from 
making  trials;  for  the  waters  which  fall  on  these  higher  lands  retidily 
penetrate  to  great  depths  through  highly  inclined  or  rerUcal  strata,  or 
ihrouifh  the  fissures  of  shattered  rocks,  and  nfi:<*r  flowlnir  for  a  irreat 
distance,  mu.st  oft^^n  reascend  and  be  brought  up  ajrain  by  other  fissures, 
so  as  to  approach  the  surface  in  the  lower  country.  Here  they  may 
be  concealed  beneath  the  coverinc^  of  undisturbed  horizontal  l^eds.  which 
it  may  be  necessary  to  pierce  in  order  to  reach  them,  li  should  be 
remembered,  that  the  course  of  waters  flowing  under  ground  bears 
but  a  remote  resemblance  to  that  of  rivers  *on  the  surface,  there  beiusf, 
in  the  one  case,  a  constant  descent  from  a  higher  to  a  lower  level  from 
/  the  source  of  the  stream  to  the  sea ;  whereas,  io  the  other,  the  water 
may  at  one  tune  sbk  far  below  the  level  of  the  ocean*  and  afterwards  ' 
rise  again  high  above  iL 

Among  other  curious  facts  aseertttoed  by  aid  of  the  borer,  it  Is 
proved  that  m  strata  of  different  ages  and  compositions,  there  are  often 
open  passages  by  which  the  subterranean  waters  dreulate.  Thns,  al 
St.  Onen,  in  France,  five  distinct  sheets  of  water  wore  intersected  m  n 
well,  and  from  each  of  these  a  supply  obtained.  In  the  third  water- 
bearing stratum,  at  the  depth  of  150  feet,  a  cavity  was  found  in  which 
the  borer  fell  suddenly  about  a  foot,  and  thence  the  water  ascended  in  • 
great  volume.*  The  same  falling  of  the  instrument,  as  in  a  hollow 
space,  has  been  remarked  in  England  and  other  countries.  At  Toure, 
in  1830,  a  well  was  perforated  quite  through  the  chalk,  when  the 
wat^-r  suddenly  l^roii^^ht  up,  from  a  depth  of  3tU  feet,  a  great  quantity 
of  fine  sand,  with  innch  vrg»-table  matter  and  shells.  Branches  of  a 
thorn  several  inches  long,  much  blackened  by  their  stay  in  the  water, 
were  recognized,  aa  also  the  stems  of  marsh  plants,  and  some  of  their 
roots,  which  were  still  white,  together  with  the  seeds  of  the  same  in  a 
state  of  preservation,  which  showed  that  they  had  not  remained  more 
than  three  or  four  months  in  the  water.  Amopg  the  seeds  were  those 
of  the  marsh  plant  Oalium  uUginosum  ;  and  among  the  shells,  a  fresh- 
water species  {PUmm^  marginatum),  and  some  land  species,  aa  Htlix 
fotmisUa  and  jET.  sfrwla.  M.  Dojardin,  who,  with  others,  observed 
tbb  phenomenon,  supposes*  that  the  waters  had  flowed  from  some  val- 
leys of  Anveigne  or  the  Yivarsia  since  the  preceding  aiitumn.f 

An  analogous  phenomenon  is  leeorded  at  Beimke,  near  Bochum  m 

*  BL  de  Ihniy,  p.  896b        f  AdL  d«  laSoaOiloldeF(si]es,tQBul  pi.  ML 
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W«tplnUB»  wliere  the  watar  «f  an  Arteuaa  wdl  brouglit  up,  from  a 
d«pth  of  156  feet»  imral  vnall  ibh;  three  or  four  inohes  long^  the 
Mmteticeiiie  in  tiie  oCNintry  bebg  at  a  distance  of  aome  leaguaa.* 

Id  both  cases  it  is  evident  that  water  had  peoetiated  to  great 
deptiM,  not  simply  by  filtering  through  a  porous  mass,  for  then  it 
vmU  have  kft  behind  the  shells,  fish,  and  fragments  of  plants,  but  by 
flowing  through  some  open  channels  in  the  cart}i.  Such  examples 
may  suggest  the  idea  that  the  leaky  beds  of  rivers  are  often  the  feeders 
of  tpriogs, 

mVIBAl  AVD  THBBMAL  aPBlKOB. 

Almost  all  springs,  even  those  which  we  consider  he  ourest,  are 
impRgnated  with  some  foreign  ingredients,  which,  beicg  in  &  state  of 
coeraical  solution,  are  so  intimately  blended  with  the  water  as  not  to 
aflf^ct  its  clf amnss,  while  they  render  ir,  in  'j^'iieral,  more  agreeable  to 
our  tasto,  and  more  nutritious  than  simple  nun -water.  But  the  springs 
called  mineral  cont^iin  an  unn^-ual  abundance  of  earthy  matter  in  solution, 
the  substances  with  wlil  h  th»'y  are  impregnated  correspond  reniurk- 
»bly  with  those  evolved  iii  a  giLseous  form  by  volcanoes.  Many  oi  these 
springs  are  thermal,  t.  c,  tlicir  temperature  is  above  the  mean  tempera- 
tare  of  tlie  pUu»,  and  they  rise  up  through  all  Idnda  of  rock ;  as,  for 
cample,  throogh  granite,  gneiss,  limestone,  or  lava,  but  are  most  fre- 
<|QeBt  in  volcanio  regions,  or  where  violent  earthquakes  hare  oecnrred 
at  ens  comparadvely  modem. 

The  mter  given  out  by  hot  spvinga  is  generally  more  voluminoos  and 
Itts  viiisble  in  quantity  at  different  seasons  than  that  proceeding  from 
*ay  oihers.    In  many  volcanb  regions,  jets  of  steam,  called  by  the  - 
ItaBans  "  stufas,"  issue  from  fissures,  at  a  temperature  high  above  the 
boiling  point,  as  in  the  neighborhood  of  Naples,  and  in  the  Lipari  Isles, 
and  arc  disengaged  unceasingly  for  ages.    Now,  if  such  columns  of 
skao),  which  are  often  mixed  with  other  gases,  shonld  be  condensed 
Wore  reaching  the  surface  by  coming  in  contact  witii  strata  filled  with 
wW  irat<.r,  they  may  give  rise  to  thermal  and  mineral  sprintrs  of  every 
degree  of  temperature.    It  is,  indeed,  by  this  means  only,  and  not  by 
Jydrostatic  pressure,  that  we  can  account  for  the  rise  of  such  bodies  of 
^^'Vom  great  depths ;  nor  can  we  hesitate  to  admit  the  adequacy  of 
^taoB^^  jf  ^0  suppose  the  ejcpansaon  of  the  same  elastie  fluids  to  be 
^"^^^t  to  raise  columns  of  lava  to  the  lofty  stimmita  of  voleanie  monn> 
Several  gases,  the  carbonic  acid  in  particuhu;  are  disengaged  in 
*  free  stqte  from  the  soil  in  many  districts,  espectslly  m  the  regions  of 
•cttve  or  eitinct  volcaooea ;  and  the  same  are  found  Biore  or  less  inti- 
niAt€ly  combined  with  the  waters  of  all  mineral  springs,  both  cold  and 
thrnjinl.    j^j,^  Daubeny  and  other  writers  have  remarked,' not  only  that 
th<^  springs  are  most  abundant  in  volcanic  regions,  but  that  when 
'^ie  from  them,  their  site  usually  comcides  with  the  position  of  somt 
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great  denmgenMiii  in  tbe  simta ;  a  fnUt,  for  einiipl^  or  gmal  fimre, 
indicating  that  a  channel  of  oonunanioation  has  been  opened  with  the 
interior  of  the  earth  at  some  fonner  period  of  local  eooTtilsion.  It  » 
also  ascertained  thai  at  great  heights  in  the  Pyrenees  and  Himaiaja 

mountains  hot  springs  burst  out  from  granitic  rocks,  and  they  are  abun- 
dant in  the  Alps  also,  these  chains  ha%nng  all  been  disturbed  and  dislo- 
cated at  times  comparatively  modern,  as  can  be  shown  by  independent 
geological  evidence. 

The  small  ureii  of  volcanic  regiuns  mav  appear,  at  first  view,  to  pre- 
sent an  objection  to  these  views,  but  not  so  when  we  include  earth- 
quakes among  the  effects  of  igneous  agency.  A  large  propoi'don  of 
the  land  hitherto  explored  by  geologists  can  be  shown  to  have  been 
rent  or  shaken  by  subtenaaean  movements  since  the  oldest  tertiary 
strata  were  formed.  It  will  also  be  seen>  in  the  sequel,  that  new 
springs  have  burst  oai,  and  others  have  had  the  volome  of  their  wateia 
augmented,  and  their  temperature  suddenly  rsised  after  earthquakes,  so 
that  the  description  of  these  springs  nught  almost  with  equal  propriety 
have  been  given  under  the  head  of  **  igneous  causes,"  aa  they  are  ageats' 
of  a. mixed  nature,  being  at  once  igneous  and  aqueous. 

But  how,  it  will  be  asked,  can  the  regions  of  volcanic  heat  send  forth 
such  inexhaustible  supplies  of  water?  The  difficulty  of  solving  this 
problem  would,  in  truth,  be  insurmountable,  if  we  believed  that  all  the 
atmospheric  waters  found  their  way  into  the  basin  of  the  ocean  ;  but  in 
boring  near  the  shore  we  often  meet  with  streams  of  fresh  witter  -M  the 
depth  of  beverul  hundred  feet  below  the  sea  level ;  and  these  pi  uWahly 
descend,  in  many  cases,  far  beneath  the  bottoiu  of  the  sea,  when  not 
artificially  intercepted  in  their  course.  Yet,  how  much  greater  may  be 
the  quantity  of  salt  water  which  sinks  beneath  the  floor  of  the  ocean, 
through  the  porous  strata  of  which  it  is  often  composed,  or  through 
fissures  rent  in  it  by  earthquakes.  After  penetrating  to  a  ooosideraUe 
depth,  this  water  may  encounter  a  heat  of  sufficient  intemity  to  convert 
it  into  vapor,  even  under  the  high  pressure  to  which  it  would  then  be 
subjected.  This  heat  would  probably  be  nearest  the  surface  in  volcaaio 
countries,  and  farthest  from  it  in  those  districts  which  have  been  longest 
free  from  eruptions  or  earthquakes. 

It  would  follow  from  the  views  above  explained,  that  there  must  be 
a  twofold  circulation  of  terrestrial  waters ;  one  caused  bv  solar  heat, 
and  the  other  by  heat  generated  in  the  interior  of  our  planet.  We 
know  that  the  land  would  be  unfit  for  vegetation,  if  deprived  of  the 
waters  raised  into  the  atmosphere  by  the  sun ;  but  it  is  also  true  that 
mineral  springs  are  powerful  instruments  in  rendering  the  surface  sub- 
servient to  the  support  of  animal  and  vegetable  life.  Their  heat  is  said 
to  promote  the  development  of  the  aquatic  tribes  in  many  parts  of  ths 
ocean,  and  the  substances  which  they  carry  up  from  the  bowels  of  Hm 
earth  to  the  habitable  surface,  are  of  a  nature  and  in  a  form  iMk 
adapts  them  peculiarly  for  the  nutrition  of  animals  and  plants.         '  J 

As  these  sptings  derive  their  chief  importance  to  the  ^gse^agtLitttt 
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the  qvintify  and  quality  of  the  earthy  mnteriala  which,  hke  ▼olcanoei^ 
thef  eoDTey  from  helow  upwards,  they  may  properly  be  coneidefed  in 
iUnenee  to  the  ingredients  which  they  hold  in  solntion.  These  eonsiet 
ef  a  great  variety  of  anbatances ;  but  chiefly  salts  with  bases  of  lime^ 
Bttgnesia,  alumiae,  and  iron,  combined  with  carbonic^  sulphuric,  and  mil- 
fiMie  acids.  Muriate  of  soda,  silica,  and  free  carbonic  acid  are  frequently 
pvKent ;  also  springs  of  petruleum,  or  liquid  bitumen,  and  of  naphtha. 

Calcareous  springs. — Our  first  attention  is  naturally  directed  to  springs 
which  are  highly  charged  with  calcareous  matter,  for  these  produce  a 
variety  of  phenomena  of  much  interest  in  creology.  It  is  known  that 
rain-water  collecting  carbonic  acid  from  the  atmosphere  has  the  property 
of  difesulvin^j:  tlie  calcareous  rocks  over  which  it  flows,  and  thus,  in  the 
«awllej>t  ponds  and  rivulets,  matter  is  often  supplied  for  the  earthy  se- 
crtiioQs  of  testacea,  and  for  the  growth  of  certiiin  plants  on  which  they 
feed.  BuL  many  springs  hold  so  much  carbonic  acid  in  solution,  .hat 
they  are  enabled  to  dissolve  a  much  larger  quantity  of  calcareous  matter 
(baa  nun- water ;  and  ^ben  the  aeid  is  dissipated  in  the  atmosphere,  the 
■iaenl  ingredients  are  thrown  down,  in  the  fbim  ol  porous  tufii  or  of 
ttoie  compact  traTertia.* 

Aumym. — Calcareous  springs,  although  moat  abundant  in  limestone 
teielBi  are  by  no  means  confined  to  them,  but  flow  out  indiserimlnately 
from  sU  rock  formations.  In  central  Franee,  a  district  where  the  pri* 
Miy  roeka  are  unusually  destitute  of  Hmestone,  springs  copiously 
dniged  with  carbonate  of  lime  rise  up  through  the  granite  and  gneiss. 
Boioe  cC  these  are  thermal,  and  probably  derive  their  origin  from  the 
deep  source  of  volcanic  heat,  once  so  active  in  that  region.  One  of  these 
iprings,  at  the  northern  base  of  the  hill  upon  which  Claremont  is  built, 
issues  from  volcanic  peporino,  which  rests  on  granite.  It  has  formed, 
by  its  inorusuttions,  an  elevated  mound  of  travertin,  or  white  concretion- 
ary Hm»'stone,  2  r''*'t  in  length,  and,  at  its  termination,  'iixtprn  feet 
kigh  and  twelve  wide.  Another  encrusting  spring  in  the  same  depart* 
m^nt,  situate  d  at  Clialuzet,  near  Pont  Gibaud,  rises  in  a  gneiss  country, 
u  the  fixit  of  a  regular  volcanic  cone,  at  least  twenty  miles  from  any 
cii]ciirtH>us  rock.  Some  m:vsses  of  tttfaceous  deposit,  produced  by  this 
ipring,  have  im  oolitic  texture. 

VcUley  of  the  JSlsa, — If  we  pass  from  the  volcanic  dtstriet  of  France 
to  that  wl^h  skirts  the  Apennines  in  the  Italian  penfaisula,  we  meet 
with  mnumerable  springs  which  hare  precipitated  so  much  calcareous 
muter,  that  the  whole  ground  m  some  parts  of  T^iscany  is  coated  over 
wilb  tufa  and  travertb,  and  sounds  hollow  beneath  the  foot 

In  other  phMca  in  the  same  country,  compact  rocks  are  seen  descend- 
■g  the  slanCing  sides  of  hills,  very  mueh  in  the  manner  of  lava  currents^ 
eicept  that  they  are  of  a  white  color  and  terminate  abruptly  when  they 
tVMh  the  course  of  a  river. .  These  consist  of  a  calcareous  precipitate 
Um  springs,  some  of  which  are  still  flowing,  while  others  have  disap- 
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pewed  or  oliaiiged  their  porilioiL  -  Sucli  maases  are  fireqaent  on  the 
elope  of  the  hilb  which  bound  the  valley  of  the  Eka,  one  of  the  ttilNh 
tame  of  the  Amo,  which  flows  near  Colle,  through  a  vaUey  aevend  hmi^ 
died  feet  deep,  ahaped  out  of  a  lacostrine  fonnatioa,  eoDtainiiig  &aiil 
abells  of  eaetmg  species.  I  observed  here  that  the  travertui  waa  en* 
coBfonnable  to  the  lacustrine  beds,  its  incHnation  aceording  with  tbe 
elope  of  the  sides  of  the  valley.  One  of  the  finest  examples  which  I 
saw  -was  at  the  Molino  delle  Caldane,  near  Colle.  The  Sena,  and  several 
other  small  rivulets  which  feed  the  Elsa,  have  the  property  of  encrusting 
wood  and  herbs  with  calcareous  stone.  In  the  bed  of  the  Elsa  itself, 
aquatic  plants,  such  as  Charm,  which  absorb  large  quaatiiiea  of  carbon- 
ate of  lime,  are  very  abundant. 

Baths  of  jSua  Vtijuone. — ^Those  persons  who  have  merely  seen  the 
action  of  petrifying  waters  in  Enj^land,  will  not  easily  form  an  adetjuate 
conception  of  the  scale  on  which  the  same  process  is  uxlubited  in  those 
regions  which  he  nearer  to  the  active  centres  of  volcanic  disturbance. 
One  of  the  moat  striking  examples  of  the  rapid  precipitation  bf  caifaeaale 
of  lime  from  thermal  watefs»  ooeors  in  the  hill  of  San  Yignone  m  Tm^ 
'  eany,  at  a  short  distance  from  Badicofeni,  and  only  a  few  hondred  jarda 
from  the  high  road  hetween  Sienna  and  Borne,  The  spring  iseoce  from 
near  the  snnunit  of  a  locky  hilV  ahoilt  100  feet  m  height.  *I!he  top  of 


Seetkm  of  tnvflrUo,  San  Tignooe. 


the  bill  stretches  in  a  i^ently  inclined  platform  to  the  foot  of  Mount 
Amiata,  a  lofty  eminence,  which  consists  in  great  part  of  volcanic  prod- 
ucts. The  fundamental  rock,  from  which  the  spring  issues,  is  a  black 
sUite,  with  serpentine  {h  b,  tig.  21)»  belonging  to  the  dder  Apeonine  foc>> 
matiott.  The  water  ia  hot,  has  a  strong  taste,  and,  when  not  in  Teiy 
amall  quantity,  is  of  a  bright  green  color.  So  rapid  is  the  deposllion 
near  the  source,  that  in  the  bottom  of  a  condait<pipe  for  carrying  off 
the  water  to  the  baths,  and  which  is  inclined  at  an  angle  of  80^,  half  a 
foot  of  solid  tra?ertin  is  formed  OTOiy  year.  A  more  compact  rook  is 
prodnced  where  the  water  flows  slowly ;  and  the  precipitation  in  winter, 
when  there  is  least  evaporation,  is  said  to  be  more  solids  hut  lees  in 
quantity  by  one-fourth,  than  in  summer.  The  rock  is  generally  white ; 
some  parts  of  it  are  oompact»  and  ring  to  the  hammer ;  others  are  oel- 
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kilar,  and  with  such  oavitieB  u  are  seen  in  the  oarions  part  of  bono  oi 
the  nlieeoiia  millstone  of  the  Pans  basin.  A  portion  of  it  also  below 
tie  village  of  San  Tignone  consists  of  ioerostations  ol  long  vegetable 
tabes,  and  maj  be  called  tnfa.  Sometimes  the  trsTertin  assumes  pre* 
eiiely  the  boCiyoidal  and  mammillary  forms*  common  to  similar  deposits 
ia  Aaveigne,  of  a  much  older  date ;  and,  like  them,  it  often  scales  off 
is  thin,  slightly  undulatmg  layers. 

A  large  mass  of  travertin  (c,  fig.  21)  descends  the  hill  from  the 
point  where  the  spring  issues,  and  reaches  to  the  distance  of  about  half 
a  mile  east  of  Sao  Vignone.  The  beds  take  the  slope  of  the  hill  at 
»bf)ut  nn  angle  of  6°,  and  the  planes  of  str.'iti6cation  are  perfectly  par- 
allel. One  stratum,  composed  of  many  layers,  i<  of  n  compact  nature, 
and  fifteen  fret  thick;  it  serves  as  an  excellent  building  stone,  and  a 
mass  oi  titteen  feet  in  length  was,  in  1828,  cut  out  for  the  new  bridnre 
over  the  Orcia.  Another  branch  of  it  (a,  tig.  21)  descends  to  the  west, 
for  2oO  feet  in  length,  of  varjnng  thickness,  but  sometimes  200  feet 
Jeep  ;  it  is  then  cut  off  by  the  small  river  Orcia,  as  some  rrlnciers  in 
Swiii^rUnd  descend  into  a  valley  till  their  progress  hi  suddenly  urpested 
hf  a  tnmsverse  stream  of  water. 

The  abrupt  termination  of  the  mass  of  rock  at  the  river,  where  ha 
tMcfcacas  is  undiminished,  ckariy  fthows  that  it  would  prooeed  much 
farther  if  not  arrested  by  the  stream,  over  wlueh  it  impends  slightly. 
Bat  it  cannot  encroach  upon  the  channel  of  the  Orcia,  biebg  constantly 
aadermined,  so  that  ita  solid  frs^^mentB  are  seen  strewed  amongst  the 
alluvial  gravel.  However  enormous,  therefore,  the  mass  of  sohd  rock 
may  appear  which  has  been  given  out  by  this  single  spring,  we  may 
feel  assured  that  it  is  insignificant  in  volume  when  comj^ared  to  that 
which  has  been  carried  to  the  sea  since  the  time  when  it  began  to  flow. 
What  may  have  been  the  length  of  th^t  period  of  time  we  have  no 
data  for  conjecturing.  In  quarrying  the  travertin,  Roman  tiles  have 
been  sometimes  found  at  the  depth  of  five  or  six  feet. 

Baths  of  San  Filippo. — On  another  hill,  not  many  miles  from  fhnt 
list  mentioned,  and  also  connected  with  Mount  Amiatn,  the  summit  of 
wjiich  is  about  three  miles  distant,  are  the  celel)r;ii.  I  ii  iths  of  San 
Fllippo.    The  subjacent  rocks  consist  of  alternations  ol  black  .slate,  lime- 
f-ion*^.  aod  serpentine.    There  are  three  warm  springs  cont)iining  car- 
boaaie  aod  sulphate  of  lime,  and  sulphate  of  majEfnesia.    The  water 
which  supplies  the  baths  falls  into  a  pond,  where  it  has  been  known  to 
deposit  a  solid  mass  thirty  fee.i  thick  in  abont  twenty  years.*    A  manu- 
fiwtory  of  medallions  in  basso-relievo  is  carried  on  at  these  batbs.  The 
water  is  ooodneted  by  canals  mto  several  pits,  in  which  it  deposits  tmv- 
crtia  mad  crystals  of  sulphate  of  lime.   Aftei  bdng  thus  freed  from  its 
grosser  parts,  it  is  oonveyed  by  a  tube  to  the  summit  of  a  small  cham* 
ber,  and  made  to  fall  through  a  space  of  ten  or  twelve  feet.   The  our^ 
lent  ii  broken  In  its  descent  by  numerous  crossed  sticks,  by  which  the 
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Spray  is  dispttrBed  anniiid  upon  certain  moiildB»  winch  are  rubbed 
l^hUy  over  with  a  soIaUon  of  soap,  and  a  dopo^Uion  of  solid  matter 
like  marble  is  the  result*  yielding  a  beautiful  cast  of  the  figures  fonaed 

in  tlie  mould.  The  geologist  may  derive  from  these  experiments  con- 
siderable light,  in  regard  to  the  high  slope  of  the  strata  at  which  some 
8emi-cr}-stalline  precipitations  *'nn  be  formed ;  for  some  of  the  moulds 
are  disposed  almc^t  perpeadicuiariy,  yet  the  deposition  is  nearly  equal 
in  all  part^. 

A  bard  sLi'atum  of  stone,  alxjut  a  foot  in  thickness,  is  obtained  from 
the  waters  of  San  Filippo  in  four  months ;  and,  jls  tlie  springs  are 
powerful,  and  almosi  uiulona  in  i he  quantity  given  out,  we  are  at  no 
loss  to  comprehend  the  magnitude. of  the  mass  which  descends  the 
bill,  which  b  a  mQe  and  a  quarter  In  length  and  tho  third  of  a  mile  in 
hreadth,  in  aome  jdaoes  attaining  a  thickness  of  2S0  feet  at  leasL  To 
what  length  it  might  have  reached  it  is  impossible  to  coojeeture»  as  it  is 
cut  off,  like  the  tmvertin  of  San  VignonCp  by  a  small  stream,  where  it 
terminates  abruptly.  The  remabder  of  the  matter  held-  in  scdutioa  is 
carried  on  probably  to  the  sea. 

SphitnndaL  atructure  in  iravertin. — But  what  renders  this  recent 
limestone  of  peculiar  interest  to  the  geologist,  is  the  spheroidal  form 
which  it  assumes,  nnaloi»;ous  to  that  of  the  cascade  of  Tivoli,  afterwards 
to  be  described.  (Sl-c  liir.  22,  p.  244.)  The  lamination  of  some  of  the 
concentric  masses  is  so  uiinute  that  sixtv  may  be  counted  in  the  thick- 
nesij  uf  an  inch,  yet,  notwillislandtng  these  mark-^  of  irradu;il  and  suc- 
cessive deposition,  sections  are  sometimes  exhibited  ot  what  might  seem 
to  be  perfect  spheres.  This  tendency  to  a  mam  miliary  and  (jlobular 
structure  ari&cs  from  the  facility  with  yfh'ch  the  calcareous  matter  is 
precipitated  in  nearly  equal  quantities  on  all  sides  of  any  fragment  of 
shell  or  wood  or  any  inequality  of  the  surface  over  which  the  mioeFBl 
water  flows,  the  form  of  the  nucleus  being  readily  transmitted  through 
any  number  of  successire  envelopes*  But  these  masses  can  never  be 
perfect  spheres,  although  they  often  appear  such  when  a  transveise 
sectimi  is  made  in  any  line  not  in  the  dheclion  of  the  point  of  attach- 
ment. There  are,  indeed,  occasionally  seen  small  oolitic  and  pisofitie 
grains,  of  which  the  form  is  globular ;  for  the  nucleus,  having  been  for 
a  time  in  motion  in  the  water,  has  received  fresh  aceessioiis  of  matter  on  . 
nil  sides. 

In  the  same  manm  r  1  have  seen,  on  the  vertical  walls  of  larrfc  steam- 
boilers,  the  beads  of  nails  or  rivets  covered  by  a  scries  of  erivelojaiiir 
cruislh  ut"  calcareous  matter,  usually  sulphate  of  lime  ;  so  that  a  concre- 
tionary nodule  is  formed,  preservinjr  ;i  nearly  <jjlobular  shape,  when  in- 
creased to  a  mass  several  inches  in  diameter.  In  these,  as  in  many  traver- 
tins, there  is  often  a  combination  of  the  concentric  and  radiated  structure. 

Cttmpagna  di  Mama.^lbe  country  around  Rome,  like  many  parts  of 
the  Tuscan  States  aheady  referred  to,  has  been  at  some  former  period 
the  site  of  numerous  volcanic  eruptions;-  and  the  springs  are  buW 
copiously  impregnated  with  lime,  carbonic  add«  and  sulph 
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geo.  A  hot  spring  was  ducoTcred  about  1827,  near  Civita  Yecchiaj 
by  Signor  Biccioli,  whieb  deposits  alternate  beds  of  a  yellowisb  trav-* 
ertiD,  sod  a  wbite  graonlar  rock,  not  distmguisbable,  in  band  speei- 
BMns»  eitber  m  grain,  color,  or  composition,  firooi  statoary  marble.  There 
ii  a  passage  between  tbis  and  ordinary  travertin.  The  mass  accnmn- 
laled  near  the  spring  is  in  some  places  about  six  feet  diick. 

Lake  of  the  Solfatara. — In  the  Campagna,  between  Rome  and  Tiv- 
oli,  is  the  Lake  of  the  Solfatara,  called  also  Lago  di  Zolfo  (lacus  albula), 
into  which  flows  continually  a  stream  of  tepid  water  from  a  smaller 
like,  siluatt'd  a  few  yards  above  it.  The  wafer  is  a  satunited  solution 
of  carbonic  acid  giLS,  wiiich  escapes  from  it  in  such  (juantities  in  some 
parts  of  its  surface,  that  it  h  is  tlie  appearance  of  beini,^  actually  in  ebul- 
lition. "  I  have  found  hv  experiment,"  says  Sir  Hum{»hry  Davy,  "that 
the  water  taken  from  the  most  tranquil  part  of  the  lake,  even  after  be- 
ing aL'itated  and  exposed  to  the  air,  cont<iined  in  solution  more  than  its 
ovo  volume  of  carbonic  acid  gas,  with' a  very  small  quanti^  of  sulphu- 
retted  hydrogen.  Its  high  temperature,  which  is  pretty  constant  at  80^ 
of  Fshr.,  and  the  quantity  of  carbonic  acid  that  it  oontams,  render  it 
peealiarly  fitted  to  afford  nourishment  to  Tegetable  life.  The  banks  of 
Oivertm  are  everywhere  covered  with  reeds,  Itoben,  ooofervse,  and 
TirioQS  kinds  of  aquatic  vegetables ;  and  at  the  same  time  that  the  pro> 
ecHof  vegetable  life  is  going  on,  the  crystallisations  of  the  calcareous 
matter,  which  is  everywhere  deposited,  in  consequence  of  the  escape 
of  carbonic  acid,  likewise  proceed.  There  is,  I  believe,  no  place  in  the 
world  where  there  is  a  more  striking  example  of  the  opposition  or  con- 
trast of  the  laws  of  animate  and  inanimate  nature,  of  the  forces  of  inor- 
ganic chemical  affinity,  and  those  of  the  powers  of  life."  * 

The  same  oljserver  informs  us  that  he  fixed  a  stick  in  a  mass  of 
travertin  covered  by  the  water  in  the  month  of  May,  and  in  April  fol- 
lowing he  had  some  diSiculty  in  breaking,  with  a  sharp-pointed  hammer, 
die  mass  which  adhered  to  the  atick,  iod  which  was  several  inches  in 
Uuekneas.  The  upper  part  was  a  mixture  of  light  tufa  and  the  leaves 
of  conferva ;  below  this  was  a  darker  and  more  solid  travertin,  contain- 
ing bisck  and  deeomposed  masses  of  conferva ;  in  the  inferior  part  the 
tiSTerttn  was  more  solid,  and  of  a  gray  color,  but  with  cavities  probably 
pradneed  by  the  decompontion  of  vegetable  matter.f 

The  stream  which  flows  out  of  this  lake  fills  a  canal  about  nine  feet 
broad  and  four  deep,  and  is  conspicuous  in  the  landscape  by  a  line  of 
^•apor  which  rises  from  it.  It  deposits  calcareous  tufa  in  this  channel, 
and  the  Tiber  probably  receives  from  it,  as  well  as  from  numerous  other 
streams,  much  carbonate  of  lime  in  soUition.  wbirh  mav  contribute  to 
the  rapid  i,'rowth  of  h-^  delta.  A  large  proportion  of  the  most  splendid 
edifices  of  ancient  antl  modern  Kom»'  an^  built  of  travertin,  derived  from 
^^Ae  quarries  of  Ponte  Lurann,  wiiere  there  has  evidently  been  a  lake  at 
p.  s  remote  period,  on  the  same  plain  as  that  already  described. 
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Travertin  of  TivoU. — In  tlic  same  neighborhood  the  ealcareon 
waters  of  the  Anio  incruBt  the  reeds  which  grow  on  its  bftnln,  and  thk 
foftm  of  tlio  cataract  of  Tiroli  forma  beautiful  peudant  atelaetitea.  Od 
the  aidea  of  the  deep  chaam  into  vbich  the  eaaeade  throwa  ttaelt  ihm 


Fig.  99. 


6«eUo»  <rf«plMn>UU  conerattonaiy  Ti«T«itln  under  lbs  Gtaoide  ttTTitalL 


is  seen  an  extraordinary  accumulation  of  horizontal  beds  of  tufa  and 
travertin,  from  four  to  five  hundred  feet  in  thickness.  Tlie  section 
immediately  under  the  temples  of  VesLa  and  the  Sil>yl,  disj^lMvs,  in  a 
precipice  about  four  hundred  feet  liigh,  some  spheroids  whicli  are  from 
six  to  eight  feet  in  diameter,  each  concentric  layer  beiiiLT  about  the  eighth 
of  an  inch  in  thickness.  The  preceding  diagram  exliibits  about  fourteen 
feet  of  this  immense  mass,  as  seen  in  the  path  cut  out  of  the  rock  in  de<^ 
acending  from  the  temple  of  Veata  to  the  Orotto  di  Nettuno.  I  have 
not  attempted  to  express  in  tlua  drawing  the  innumerable  thin  layers  of 
which  these  magnificent  sphermda  are  composed,  but  the  lines  given 
mark  some  of  the  natural  divieiona  into  which  they  are  aeparatcd  by 
ttbttte  Tariatioiia  in  the  aise  or  color  of  the  laminm.  The  undulations 
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abo  are  much  smaller  in  proportioii  to  ihe  wbole  cinntmfereiice  tlian  in 
the  drawing.  The  beds  (a  a)  are  of  hard  travertin  and  soft  tola ;  be- 
low (hem  is  a  pisolite  (b),  the  gbbiiles  being  of  different  sizes :  under- 
neath this  appears  a  mass  of  concretionaiy  travertin  (c  e),  some  of  the 

spheroids  being  of  the  abOTO-roentioned  extraordinary  sise.  In  some 
places  (as  at  d)  there  is  a  mass  of  amorphous  limestone,  or  tufa,  sur- 
rounded hv  concentric  lavers.  At  tlic  bottom  is  another  lyed  of 
pisolite  (6),  in  which  the  small  nodules  are  about  the  size  and  shape 
of  beans,  and  some  of  them  of  filberts,  intermixed  with  some  smaller 
oolitic  irniins.  la  the  tufaceous  strata,  wood  is  seen  converted  into  a 
Uglit  tufa. 

There  can  be  little  doubt  that  the  wlrlc  of  this  deposit  was  formed 
ID  extensive  lake  which  existed  wheA  ihe  external  configuration  of 
this  country  varied  greatly  from  that  now  observed.  The  Anio  throws 
itielf  into  a  ravine  excavated  in  the  andent  travertin,  and  its  waters 
give  rise  to  masses  of  calcareous  stone,  scarcely  if  at  all  distinguishable, 
from  the  older  rock.  I  was  shown,  in  1828,  in  the  upper  part  of  the 
tnferUn,  the  hollow  left  by  a  cart-wheel,  in  which  the  outer  circle  and 
tk  spokes  had  been  decomposed,  and  the  spaces  which  they  filled  left 
Toid  If  seemed  to  me  at  the  time  impossible  to  explain  the  position 
of  this  mould  without  supposinr^  that  the  wheel  was  imbedded  before 
the  lake  was  drained  ;  but  Sir  R.  Morchtson  saggests  that  it  may  have 
been  washed  down  by  a  flood  into  the  gorge  in  modem  times,  and  then 
mcnisted  with  calcareous  tufa  in  th«'  same  mannrr  as  the  wooden  beam 
of  the  chitrch  of  St.  Lucia  was  swept  down  in  1826,  and  stuck  fast  in 
the  Grotto  of  tiie  Syren,  where  it  still  remains,  and  will  eventually  be 
quite  imbediled  in  travertin. 

I  have  already  endeavored  to  explain  (p.  241),  when  speak incj  of 
the  travertin  of  San  F'i!ipi)o,  how  the  spheroidal  masses  represented  in 
iigure  -^'J.  niiiv  liuve  been  formed. 

Sulphureous  and  gypseus  springs. — The  quantity  of  other  mineral 
ingredients  wherewith  springs  in  general  are  impregnated,  is  insignifi- 
cant in  comiparison  to  lime,  and  this  earth  is  most  frequently  combined 
with  carbonic  acid.  But  as  sulphuric  acid,  and  sulphuretted  hydrogen 
are  very  frequently  supplied  by  springs,  gypsum  may,  perhaps,  be  de- 
posited laigely  in  certain  seas  and  lakes.  Among  other  gypseous 
precipitates  at  present  known  on  the-  land,  I  may  mention  those  of 
Baden,  nt-ar  Vienna,  which  feed  the  public  bath.  Some  of  these  sup- 
ply stogly  from  600  to  1000  cubic  feet  of  water  per  hour,  and  deposit 
a  fine  powder,  composed  of  a  mixture  of  sulphate  of  lime  with  sulphur 
and  muriate  of  hme,*  The  thermal  waters  of  Aix,  in  Savoy,  in  passing 
rhroTini'h  stmta  of  Juras<;ic  limestone,  turn  tlirm  into  gypsum  or  sulphate 
•  if  lime.  In  the  Andes,  at  tlie  Puenta  del  Tnra,  Lieutenant  Brand 
found  I  1  hermal  spring  at  the  temperature  of  91°  Fahr.,  containing  a 
large  proportion  of  gypsum  with  carbonate  of  lime  and  other  ingredi- 

*  C.  Prevos^  Eosai  sur  U  Constitutioa  Physique  du  Bossin  de  Vieoue,  p.  10. 
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enU.*  Many  of  the  mineral  spring^  of  Icclaiul,  says  Mr.  R.  Bunsen, 
deposit  !;n-p«nm,t  and  sulphureous  acid  gas  escapes  plentifully  fropi 
them  as  irom  the  volcanoes  of  the  same  L^land.  It  may,  indeed,  be  laid 
do  wo  as  a  general  rule,  that  the  mineral  substances  dissolved  in  Iwl 
Rprings  agree  very  closely  with  those  which  are  disengaged  in  a  gsaeooa 
form  from  the  ciuiers  of  active  volcanoes. 

jSilkcous  spriny».—Azore». — ^In  order  that  water  ebould  hold  a  yeiy 
large  quantity  of  silloa  in  solution,  it  wema  neoosary  that  it  ahodd  be 
raised  to  a  high  tempeiature.}  The  hot  springs  of  the  TaUe  dis 
Feraas,  in  the  island  of  St  Michael,  nnng  through  vokanie  roeka^  pie- 
eipitate  vast  quantities  of  silieeous  dbter.  Around  the  cireular  basm  of 
the  largest  spring,  which  is  between  twenty  and  tlnrty  feet  in  diameter, 
ikemate  layeia  are  seen  of  a  coarser  variety  of  sinter  mi:{e<i  with  ^  lay, 
including  grass,  ferns,  and  reeds,  in  different  states  of  petrifaction.  Tn 
some  instances,  alumina,  which  is  likewise  deposit««i  fix)m  the  hot 
waters,  is  the  mineralizing  material.  Branches  of  the  same  ferns  which 
now  fiourish  in  the  island  are  found  completely  petrified,  preservini;  the 
sauM  appearance  as  when  vegetatino-,  except  that  they  acquire  an  ash- 
gray  color.  Fn^E^cnts  of  wood,  and  one  entire  bed  from  tlii  i  to  five 
feet  in  dt  pth,  composed  of  reeds  now  common  m  the  island,  have  be- 
come completelv  mineralized. 

The  most  abundant  variety  of  siliceous  sinter  occurs  in  layers,  from  a 
qu»rtx?r  to  lialt  an  inch  in  thickness,  accumulalLtl  on  each  other  often 
to  the  height  of  a  foot  and  upwards,  and  constituting  parallel,  and  for 
the  most  part  hoiizontal,  strata  many  yards  in  extent.  This  sintAr  has 
often  a  beautiful  semi-opalescent  lustre.  A  recent  breccia  la  also  in. 
the  act  of  forming,  composed  of  obsidian^  pumice,  and  scorio,  cemented 
by  siliceous  9mter.§ 

'  Geysers  of  Icdcmd, — ^But  the  hot  springs  in  various  parts  of  Iceland, 
partacubuly  the  celebrated  geysers,  afford  the  most  remarkable  example 
of  the  deposition  of  8ilex.|  The  droular  reserroiis  into  which  the  gey- 
sers fall,  ate  Hoed  in  the  interior  with  a  variety  of  opal,  and  round  the 
edges  with  suiter.  The  plants  iQcruaied  with  the  latter  substance  have 
much  the  same  appearance  as  those  incrusted  with  calcareona  tufa  in 
our  own  country.  They  consist  of  various  grasses,  the  horse-tail 
(Equisetum),  and  leaves  of  the  birch-tree,  which  are  the  most  common 
of  all,  though  no  trees  of  this'  species  now  exist  in  th»^  surrounding; 
country.  The  petiified  stems  also  of  the  birch  occur  in  a  state  much 
resembling  agatized  wood.^ 

15y  analysis  of  the  water,  Mr.  Faraday  lias  ascertained  that  the  solu- 
tion of  the  silex  is  promoted  by  the  presence  of  the  alkali,  soda.  He 
■iuggeslii  that  the  deposition  of  silica  in  an  insoluble  state  takes  place 
partly  because  the  water  when  cooled  by  exposure  to  the  air  is  unable 

*  Travels  acrogs  the  Andeti  p.  240.         f  Annalcn  der  Chem.  1847. 
t  Ihwibcny  on  VoIcsixnm,  p.  82S. 

1  Dr.  \Vet>.-<ti'r  on  the  Hot  Springs  of  Furnas  Ed.  FhQ.  JotttlL  VoL  vi  BML 

I  See  a  cut  of  the  loebiudic  g«y«er,  cha^i.  32, 

%  JkU  Robert,  BnU^tin  de  k  Soc.        de  Fhmoe,  torn,  vil  11. 
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to  rttam  as  miieii  tOica  as  whsn  it  tssues  fnm  the  eaiih  at  a  tempenip 
tare  of  180^  or  100^  Fshr. ;  and  psrtlj  beoatise  the  evsporatioii  of  the 
water  deeompoaes  the  compound  of  silica  and  soda  whieh  pfeviousty 
eiisted.  This  hist  ohange  is  probably  hastened  hj  the  carbonic  acid 
of  the  atmosphere  aniting  with  the  Boda.  The  alkaii,  whea  diani^ted 
from  the  silica,  would  readily  be  dtasolved  in  and  remotred  by  ruoniog 
water.* 

ifineml  Trators,  even  when  charrjcd  with  a  smail  proportion  of  silica, 
those  of  Iischia,  may  supply  certain  specips  of  corals,  sponirf^s,  and  in- 
fusoria, with  matt^^r  for  their  siHceJua  secretions  ;  but  there  is  little  doubt 
that  rivers  obtain  silex  in  solution  from  another  and  far  mor»>  L'eneral 
iouree,  namehr,  the  decomposition  of  felspar.  When  tliis  miiieral, 
which  is  .so  abundant  an  ingredient  in  the  hypogene  and  trappean  rocks, 
has  dishntegrated,  it  is  found  that  the  residue,  called  porcelain  clay,  con- 
tiins  asmall  proportioa  only  of  the  silica  wluch  eibted  in  the  original 
felapar,  the  other  part  having  been  dissolved  and  removed  by  water.f 

Ikrruffimnu  tprin^, — The  watere  of  almost  all  springs  eootam  aome 
iron  in  aolntioB ;  and  it  is  a  fact  familiar  to  all,  that  many  of  them  are 
IS  copiovsly  impregnated  with  this  metal,  as  to  stain  the  rocks  or  herb- 
age throngb  which  they  pass,  and  to  bind  together  sand  and  rrravel  into 
i^d  masses.  We  may  naturally,  then,  conclode  that  this  iron,  which 
tt  constantly  conv^ed  from  the  interior  of  the  earth  into  lakes  and  seaR, 
and  which  do«?  not  rscapc  arrnin  from  thorn  into  the  atmosphere  by 
evaporation,  must  act  as  a  coloring  and  cementino;  principle  in  the  sub- 
aqueous deposits  now  in  pro;[Tress.  Geolof*ists  are  aware  that  many 
ancient  sandstones  and  conglomerates  are  bound  together  or  colored 
bv  iron, 

Briiic  spriuff8. — So  great  is  the  quantity  of  muriate  of  soda  in  some 
sptngs,  that  they  yield  one-fourth  of  their  weight  in  salt.  They  are 
ittdy,  however,  so  saitnated,  and  geneially  contain,  intermixed  with 
sail,  eaibonate  and  sulphate  of  lime,  magneaM,  and  other  mineral  hije^re- 
dients.  The  brine  springs  of  Cheshbe  are  the  richest  in  onr  eountty ; 
those  of  Korthwich  being  almost  satniated.  Those  of  Barton  also,  in 
laaeashira,  and  Droitwich  in  Worcestershire,  arei  extremely  rioh.{  They 
are  known  to  have  flowed  for  more  than  1 000  years,  and  the  qnantity 
cf  salt  whi  'h  they  have  carried  into  the  Severn  and  Mersey  must  bo 
enormous.  These  brine  springs  rise  up  through  strata  of  sandstone  and 
r^  marl,  which  contain  large  beds  of  rock  salt.  The  origin  of  the  brine, 
therefore,  may  be  derived  in  this  nnd  manv  other  instances  from  beds  of 
fosj-il  salt;  but  muii  ite  of  soda  is  one  of  the  products  of  volcanic 
emanations  ar»fi  ot  sprin;,'s  in  volcanic  regions,  the  original  source  of  salt 
may  he  nn  dei-p  seated  as  that  of  lava. 

Many  springs  in  l^ily  contain  muriate  of  soda,  and  the  "  fiume  salso,'* 

*  liorfowV  T«e1«nd,  n.  209. 

j  Sep  Lvell's  Manual  of  Klemntaiy  Oeoiogy }  and  Dr.  Tomer,  Jaat  Ed  New 
PhiL  Joum.  Ho.  xxx.  p.  246- 
t  L  Homer,  OeoL  iVana  vdL  ii  |k  94 
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m  particuhr,  is  impregnated  witb^  large  a  quantity,  that  cattle  refuse 
to  drink  of  it.  A  hot  springy  rising  throng^  granite,  at  Saint  Nectaire. 
in  Anvorgne,  may  be  mentioned  as  one  of  inanjr»  oontainbg  a  large  pro* 
portion  of  mutiate  of  aoda,  tc^tber  with  niagnesiB  and  other  ingre- 
dients.* 

Carbfwafed  spririr/s. — Auver^e. — Carbonic  acid  gas  is  very  plentifully 
dispn^'iiLrt'd  from  sj)rin,^fs  in  almost  all  countries,  but  particularly  ueat 
nctive  «ir  extinct  vf»lcanoes.  This  elastic  fluid  has  the  property  of  dccom- 
j)t>.>.iii'4  niJ'nv  of  the  liardcst  rocks  with  which  it  comej?  in  contact,  partic- 
ularly lliiil  fiuincTous  class  in  whose  composition  fel>par  is  an  ingredient. 
It  renders  the  oxide  d  iron  soluble  in  water,  and  contributes,  as  was 
before  stated^  to  the  solution  of  eakareoas  matter.  In  vdesme  distriets 
these  gaseous  emaaatiiHis  are  not  confined  to  springs,  bat  rise  up  in  the 
state  of  pure  gas  from  the  soU  in  various  places.  The  Grotto  dd  Cane» 
near  Naples,  affords  an  example,  and  prodigious  quantities  are  now 
annually  disengaged  from  every  port  of  the  Limagne  d'Auvergne*  where 
it  appears  to  have  been  dr\ doped  in  equal  cjuantity  from  time  imme- 
morial. As  the  ncid  is  invisible,  it  is  not  observed,  except  an  excavation 
be  made,  wherein  it  immediately  accumulates,  so  that  it  will  extinguish 
a  candle.  There  are  some  springs  in  this  district,  where  tlic  water  is 
seen  buhblinf^  and  boiling  up  with  much  noise,  in  consequence  of  the 
abundant  disenLrai^ement  of  this  ^a?*.  In  the  environs  of  Pont-Gibaud, 
not  far  from  (.'lennont,  a  rock  belongini^  to  the  i^neiss  loiinaiiun,  in  which 
lead-mines  are  worked,  has  been  found  U)  l)e  (|nite  saturated  with  car- 
bonic acid  gas,  which  is  constantly  disengaged.  The  carbuiiatcii  of  iron,  ^  . 
lime,  and  manganese  are  so  dissolved,  that  the  rock  is  rendered  soft,  and 
the  quarts  alooe  remains  unattacked.f  Kot  fiur  off  la  &e  amaU  voloanio 
oone  of  Chaluset,  which  once  broke  up  through  the  gneiss*  and  sent 
forth  a  bva  stream. 

Suppoted  atmatpktn  ^  eairbome  acitf.— Prof.  Bisehoff  in  his  histoiy 
of  volcanoes,^  has  shown  what  enormous  quantities  of  carbonic  add  gas 
are  exhaled  in  the  vicinity  of  the  extinct  craters  of  the  Rhine  (in  the 
neighborhood  of  the  Laa(-her>see,  for  example,  and  the  £ifd),  and  also 
in  the  mineral  springs  of  Nassau  and  other  countries,  where  there  are  no 
immediate  traces  of  volcanic  action.  It  would  be  oasy  to  calculate  in 
how  short  a  period  the  solid  carbon,  thm  eniitt^'d  from  tlie  interior  of  the 
earth  in  an  invisible  form,  would  amount  to  a  (juanlitv  as  great  as  cuuld 
be  obtained  from  the  trees  of  a  large  forest,  and  how  many  thousand 
years  would  be  required  to  supply  the  materials  of  a  dense  seam  of  pun? 
coal  from  the  same  source.  Geologists  who  favor  the  doctrine  of  tht- 
former  existence  of  an  atmosphere  highly  charged  with  carbonic  acid,  at 
the  period  of  the  ancient  coal^plants,  have  not  sufficiently  reflected  on 
the  Gontinttd  disengngement  of  carbon,  which  is  taking  place  in.a  gase- 
ous form  from  spring  as  also  in  a  free  state  from  the  ground  and  finut 

*  Add.  dc  1' A  averse,  tome  L  p.  2S4.  * 
f  AmL  Sdent.  d«  I'Auvemia,  toora  IL  Jone^  16M» 
i  Xdlnb.  Kew  PhiL  Jount  Oct.  188«. 
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Tolauiio  enters  into  the  air.  We  knair  tbat  all  plants  are  now  engaged 
in  seereCiog  carbon,  and  many  thousands  of  large  trees  are  annnally 
floated  down  hy  great  nvm,  and  buried  in  their  atluyial  deposits ;  but 
brfore  we  can  assume  that  the  quantity  of  carbon  which  becomes  per- 
utoeotlj  locked  up  m  the  earth  by  such  agency  will  bring  about  an 
easoitia]  ehange  in  the  chemical. composition  of  the  atmosphere,  we  roust 
be  sure  that  the  trees  annually  buried  contain  more  carbon  ihnn  is  given 
oat  from  the  interior  of  the  earth  in  the  same  lapse  of  time.  Bvery  large 
area  covered  by  a  dense  mass  of  peat,  bears  ample  testimony  to  the  fact, 
that  sereml  million  tons  of  carbon  Imve  been  taken  from  the  air,  by  the 
powers  of  vegetable  life,  and  stored  up  in  the  earth's  crust,  a  larf^e 
(juantity  of  oxrgen  having  been  at  the  same  time  set  free;  but  we  t  ;in- 
Dot  infer  from  these  circumstance??,  thnt  the  constitution  of  the  atmos- 
phere has  been  materially  deranged,  until  we  have  data  for  estimating 
the  rate  at  which  ad  animal  and  vegetable  substances  are  daily  putre- 
fying,— organic  it  inaiiis  and  various  calcareous  n->cks  decomposinr;;,  and 
Tolcanic  regions  emitting  fresh  volumes  of  carbonic  acid  g;is.  'i'hat  the 
HMiait  carboniferous  period  was  one  of  vast  duralion  all  g<  ulogists  are 
igieed ;  instead,  therefore,  of  supposing  an  eieess  of  carbonic  acid  in 
the  air  at  that  epoch,  for  the  support  of  a  peculiar  flora,  we  may  imagine 
Tbae  to  hare  multiplied  the  quantity  of  carbon  given  out  annually  by 
BDoerol  springs^  volcanic  craters,  and  other  sources,  until  the  component 
deoMots  of  any  given  number  of  coal-seams  had  been  evolved  from  be- 
low, without  any  variation  taking  place  in  the  constitution  of  the  atmost 
fhere.  It  has  been  too  common,  in  reasoning  on  this  question,  to  com- 
pute the  loss  of  carbon  by  the  volume  of  coal  stored  up  in  the  ancirat 
tt'.nua,  and  to  take  no  account  of  tho  annual  gain,  by  the  restoration  of 
carbonic  acid  to  the  atmosphere,  through  the  machinery  above  alluded  to.* 
Dmntegrating  effects  of  carbonic  acid. — The  disintegration  of  cjranite 
is  a  ptriktng  feature  of  lart(0  districts  in  Auver<Tne,  especially  in  tlie 
neighborhood  of  Clermont.  This  decay  was  called  by  Dolomieu,  "la 
mnladie  du  E^ranite  and  the  rock  may  with  propriety  be  s:lfd  to  have 
thf  r<,t,  for  it  crumbles  lo  pieces  in  the  hand.  The  phenoiuenun  m  vy, 
vaiiout  doubt,  be  ascribed  to  the  continual  disengagement  of  carbonic 
Acid  jrjis  frorn  numerous  fissures. 

iu  tJie  plains  of  the  Po,  between  Verona  and  Parma,  especially  at 
Vffla  Franca,  south  of  Mantua,  I  obsen^ed  great  beds  of  alluvium,  con- 
snting  chiefly  of  primary  pebbles,  percolated  by  spring-water,  charged 
with  carbonate  of  lime  and  carbonic  a<ad  in  great  abundance.  They  are 
for  the  mo6t  part  lucmsted  with  calc-sinter ;  and  the  rounded  blocks  of 
gacas,  which  have  all' the  outward  appearance  of  solidity,  have  been  so 
diHstegnUed  by  the  carbonic  acid  ns  readily  to  iiill  to  pieces. 

The  snbtnction  of  many  of  the  elements  of  rooks  by  the  solvent  power 
<f  carbonic  acid,  ascending  both  in  a  gaseous  state  and  mixed  with 
ipting-water  in  the  crevices  of  rocks,  must  be  one  of  the  most  powerful 


*  See  LyelTa  Travel*  in  N.  Americs,  voL  L  pkl60i 
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■onrceB  of  ihose  mtenial  changes  and  reammgemenlB  c€  pwtielef  k 

often  observed  in  strata  of  every  age.  The  calcareous  matter,  for  ex- 
ample, of  shells,  is  often  entirely  removed  and  replaced  by  carbonate  of 
iron,  pyrites,  silex,  or  some  other  in^dieat»  such  as  nuDeral  waters 

usually  contain  in  solution.  It  rarely  happens,  except  in  limestone 
rocks,  that  the  carbonic  acid  can  dissolve  all  the  constituent  parts  of  tlie 
mass;  and  for  this  reason,  probably,  calcareous  rocks  are  almost  the 
<Mily  ones  in  wiiich  great  caverns  and  lonj*'  winding  passages  are  found. 

Petroleum  sjyrings. — Sprinrrs  of  Aviuch  the  waters  contain  a  niixturo 
of  petroleum  and  the  various  mmerais  allied  to  it,  as  bitumen,  naphtha, 
asphaltum,  and  pitch,  are  very  numerous,  and  are,  in  many  cases,  un- 
doubtedly connected  with  subterranean  firei},  which  raise  or  sublime  the 
more  subtle  parts  of  the  bituminous  matLers  coniauiL-d  in  rocks.  Many 
springs  in  the  territory  of  Modena  and  Parma,  in  Italy,  produce  petro- 
leum in  abundance ;  bnl  the  most  powerful,  perhaps,  yet  known,  are 
thoee  on  the  Irawadi,  m  the  Bunnan  empire.  In  one  locality  there  are 
said  to  be  520  welk,  .which  yield  annually  400,000  hogsheads  of  petio- 
lenm.* 

PiUik  laike  €f  Trmidad* — ^Fluid  bitumen  is  aeen  to  ooie  firom  flie 
bottom  of  the  sea;  on  both  sides  of  the  island  of  Trinidad,  and  to  riw 
up  to  the  surface  of  the  water.  Near  Cape  La  Braye  there  is  a  Tortei 
which,  in  stormy  weather,  according  to  Oaptaan  Mallet,  guabes  out, 
nusiog-  the  water  five  or  aix  feet»  and  covers  the  aurfoce  for  a  considersr 
ble  space  with  petroleum,  or  tar ;  and  the  same  author  quotes  Gumilla, 
as  statint^,  in  his  "Description  of  the  Orinoco,"  that  about  seventy  years 
ago,  a  spot  of  land  oii  the  western  coast  of  Trinidad,  n^-ar  half-wav  be- 
tween the  cnj)ital  and  an  Indian  village,  sank  suddenly,  and  was  imme- 
diately replaced  by  a  small  lake  of  pitch,  to  the  great  terror  of  the 
inhabitiiuts.f 

It  is  probable  that  the  crreat  pitch  lake  of  Trinidad  owes  its  origin  tc 
a  siniiiiii  cause  ;  and  Dr.  Nugent  has  justly  r*  inai  kcd,  that  in  that  dw- 
tricL  all  the  circumstances  are  now  combined  from  which  deposits  ol 
pitch  may  have  oiiginated.  The  Orinoco  has  for  ages  been  rolling 
down  great  quantities  of  woody  and  vegetable  bodies  mto  the  surround- 
ing sea,  where,  by  the  influence  of  cunenta  and  eddies,  they  may  be 
arrested  and  aoenmulated  in  particular  places.  The  frequent  oooiirrenoe 
of  earthquakes  and  other  indications  of  volcaaio  action  in  those  parts 
lend  countenance  to  the  opinion,  thai  these  vegetable  suhstaooea  may 
have  undergone,  by  ihe  ageney  of  subterranean  fire,  those  transfonaa- 
tions  and  chemical  changes  which  produce  petroleum ;  and  this  may, 
by  the  same  causes,  be  forced  up  to  the  surface,  where,  by  ezpoenre  tC 
the  air,  it  becomes  inspissated,  aiid  forms  the  different  varieties  of  purs 
and  earthy  pitch,  or  asphaltum^  so  abundant  in  the  island^ 

«  SymeB,  Embtusy  to  Ava,  vol  iL  GeoL  Trana,  Moond  setisi^  v«L  iL  part  iii  p 
t88. 

f  Dr.  Nugent,  Qeol.  I^HH.  voL  i.  p.  09. 
i  Ibid  pt  St. 
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It  may  be  slated  generally,  thai  a  large  portion  of  the  finer  particlee 
and  the  more  eijttaUiae  substances,  found  in  sedimentary  rocks  of  dif- 
ferent ages,  are  composed  of  the  same  elements  as  are  now  held  in  so- 
lution by  springs,  while  the  coarser  matt^rial';  bear  an  equally  strong 
n'-f-mblance  to  the  pebbles  and  se<limt  nl  li  v  mattf  r  carried  down  by 
torrouls  and  rivers.  It  j-liould  also  be  remembered,  that  it  is  not  only 
during  inundations,  when  the  muddy  sediment  is  apparent,  tb  ii  rivers 
are  busy  iu  conveying  soUd  matter  to  the  sea,  but  that  even  wiien  their 
waters  are  perfectly  transparent^  they  are  annually  bearing  along  vast 
■nfBi  of  csiton.  lime,  and  lUica  to  the  ocean. 


CHAPTER  Xm. 
BEPBODUonn  wnwon  or  mmm* 

Lake  deltas — Growth  of  the  delta  of  the  Upper  Rhine  in  the  Lake  of  Genevar  — 
Comimtatioa  of  the  age  of  deltM-^Recent  depout*  in  Lake  Saperior-^DeltM 
of  inland  seoa — Course  of  the  Po — Artificial  embankments  uf  tlu;  Po  and  Adige 
—Delta  of  tlio  Po,  and  other  rivers  entering  the  Aiirintt'»— Hapi<i  conversion  of 
that  gulf  into  huid — Mineral  characters  of  the  new  depo^it^ — Marine  delta  ot 
tiM  Rhone— Various  proofs  of  it«  'uuxosfe — Stony  nature  of  tt>  dopoaiti  Oowit 
of  Ana  Minoi^DvlU  of  ti^  Nil«. 

DILTA8  nr  tAUS. 

• 

I  BATE  already  spoiken  in  the  14th  chapter  of  the  aetaon  of  mmung 
Viler,  and  of  liho  denQding  power  of  rivers,  but  we  can  only  form  a 
jiiit  CQoeeptioii  of  the  excavaliag  and  lemoviog  force  exerted  by  such 
bodies  of  water,  wben  we  have  the  advantage  of  examiniog  the  repro- 
ductive ejects  of  the  same  agents:  in  other  ^vords,  of  beholding  in  a 
palpable  form  the  aggregate  amount  of  matter,  which  they  have  thrown 
down  at  certain  points  in  their  alianaJ  plains,  or  in  the  basins  of  lakes 
and  sea??.  Yet  it  will  appear,  -when  we  consider  the  action  of  currents, 
thai  ilie  growth  of  deltJis  affords  a  very  iTi:\drr|ii  ite  standard  by  Avhieh 
to  mea-sure  the  entire  canymfr  power  ot  runinru^  water,  since  a  oonsid- 
erahlc  portion  of  fluviatile  s<  liment  is  swept  far  out  to  sea. 

Deltas  may  be  diviil.  d  iaio,  first,  those  which  are  formed  in  l.ikes; 
leeoodly,  those  in  island  sejis,  where  the  tides  are  uhnost  impercepti- 
hlfl ;  and,  thirdly,  those  on  the  borders  of  the  ocean.  The  most  charac- 
temlie  diatuieCioB  between  the  kcustrine  and  marine  deltas  oomists  in 
the  asture  of  tbe  oigamo  renaaina  whiob  become  imbedded  in  their 
^Apmits;  for,  in  the  ease  of  a  Udie,  it  is  obvbus  that  these  must 
Milt  exeloMvely  of  snob  genera  of  animals  as  inhabit  the  land  or 
tU  ^vsterB  of  a  river  or  a       ;  wbsreas,  in  the  other  case,  there  will 

an  admixture,  and  most  frequently  a  predominance,  of  animals  which 
u^bit  salt  water.  In  regard,  however,  to  the  distribotioB  of  inoiganio 
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matter,  the  depoaits  of  lakes  and  aeaa  are  fonned  under  , very  aiiali^goai 

cirOttRUtBDCCS. 

Lake  of  Ogneva. — ^Lakes  exemplify  the  first  reproductive  opemttons 
in  which  rivers  fire  encra'Tcd  when  ihov  convr-v  the  detritus  of  rocks 
and  the  jntrredients  of  mineral  springs  from  mountainous  rci;ions.  The 
accession  of  mtw  hind  at  the  mouth  of  tlie  Rlione,  at  the  upper  end  of 
the  Lake  of  Geneva,  or  the  Leman  Lake,  presents  us  with  an  example 
of  a  considerable  thickness  of  strata  which  liavc  accumuUted  t»ince  the 
historical  era.  This  sheet  of  water  is  about  thirty-seven  milea  long,  and 
its  breadth  is  from  two  to  eight  miles.  The  shape  ci  the  bottom  is 
very  irregular,  the  depth  having  been  found  by  late  measurementa  to 
var J  from  20  to  1 60  fathoms.*  The  Bhone,  where  it  enters  at  the  upper 
end,  b  turbid  and  discolored ;  but  ita  waters,  where  it  issues  at  the 
town  of  Genera,  are  beautifully  clear  and  transparent  An  ancient 
town,  sailed  Port  Yallais  (Portus  Valesiae  of  the  Romans),  once  situated 
at  the  water's  edge,  at  the  upper  end,  is  now  more  than  a  mile  and  a 
half  inland — this  intervening  aUuvial  tract  having  been  acquired  in 
about  eight  centuries.  The  remainder  of  the  deltd  consists  of  a  flat 
alluvial  plain,  about  five  or  six  miles  in  length,  composed  of  sand  and 
mud,  a  little  raised  above  the  level  of  tiie  river,  and  full  of  marshes. 

Sir  Henry  De  hi  Beclie  found,  after  numerous  soundings  in  all  parts 
of  the  lake,  that  there  was  a  pretty  uniform  depth  of  from  1-U  to  100 
fathoms  throughout  tlie  central  region,  and  on  approaching  the  dcli4i, 
the  shallowing  of  tlte  bottom  begun  to  be  very  sensible  at  a  distance 
of  about  a  mile  and  three  quarters  from  the  mouth  the  Rhone ; 
for  a  line  drawn  from  8t  Gingoulph  to  Tevey  gives  a  mean  depth 
of  somewhat  less  than  600  feet,  and  from  that  part  of  the  Rhone, 
the  flunadle  mud  is  always  found  along  the  bottom.f  We  may  statSi 
therefore,  that  the  new  atrata  annually  produced  are  thrown  down 
upon  a  slope  about  two  miles  in  length ;  so  that,  notwithstanding  (he 
great  depth  of  the  lake,  the  new  deposits  are  inclined  at  so  slight  an 
angle,  that  the  dip  of  the  beds  would  be  termed,  in  ordinary  geological 
language,  horizontal. 

The  strata  probably  consist  of  alternations  of  finer  and  coarser  par- 
ticles ;  for,  durini:^  the  hotter  months  from  April  to  Aup^nst,  when  the 
snows  melt,  the  volume  and  velocity  of  the  river  ari  l  reatest,  and  hirge 
quantities  of  sand,  mud,  ve[;etable  matter,  and  dnll-wood  fire  intro- 
duced ;  but  during  the  rest  of  the  year,  the  influx  is  conijiaraiiveiy 
feeble,  so  much  so,  that  the  whole  lake,  according  to  Saussurc,  stands 
six  feet  lower.  If,  then,  we  eould  ohtam  a  seetion  of  the  aeeumulatiou 
formed  in  the  last  eight  centuries,  we  should  see  a  great  series  oC 
strata,  probably  from  600  to  000  feet  thick  (the  supposed  original 
depth  of  the  head  of  the  lake),  and  nearly  two  milea  m  length,  in- 
clined at  a  Ycry  slight  angle.  In  the  mean  tune,  a  great  number  ol 

*  De  la  Bedie,  Sd,  FhO.  Jooni.  toL  iL  n.  lOt.  Jhu.  UM. 
t  J>slaBeQheklia 
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BmiDer  deltas  an  growing  around  tbe  borders  of  tbe  lake^  at  the 
BMmtfas  of  rapid  torrents,  which  poor  m  laige^niasses  of  aaad  and  peb- 
Ua.  The  body  of  water  m  these  totreots  u  too  small  to  enable  them 
to  fpresd  oat  the  transported  matter  over  ao  extensive  an  area  as  tho 

Rhone  dot's.  Thus,  for  example,  there  is  a  depth  of  eighty  fathoms 
within  half  a  mile  of  the  shore,  immediately  opposite  the  great  torrent 
which  enters  east  of  Ripaille,  so  that  the  dip  of  tbe  '^tmia  in  that  minor 
delta  must  be  about  four  times  fis  pftpat  fis  those  depofiited  by  the  main 
river  at  the  upper  extremity  of  the  lake.* 

Chrmwloqical  computations  of  the  age  of  deltas, — The  capacitv  of  tliis 
b&sia  bein;^'  now  ascertained,  it  would  be  an  interesting  subject  of  in- 
quirr.  to  determine  in  firhat  numV)er  of  years  the  Leman  Lake  will  be 
coflvcrted  into  dry  land.  It  would  not  be  very  difficult  to  obtain  the 
dements  for  such  a  calculation,  so  as  to  approximate  at  least  to  the 
^oaolity  of  time  required  for  the  aooomplishment  jf  tbe  result*  The 
rnmber  of  eubie  feet  of  water  annually  dbcharged  by  tbe  river  into  tbe 
like  bdng  estimated,  experiments  might  be  made  in  tbe  winter  and 
Mminer  months,  to  determine  the  proportion  of  matter  held  in  sus- 
posion  or  in  chemical  solution  by  the  Rhone.  It  would  be  slao  neces- 
tary  to  allow  for  the  heavier  matter  drifted  along  at  the  bottom,  wliicb 
aught  be  estimated  on  hydrostatical  principles,  when  the  average  sise  of 
the  gravel  and  the  volume  and  velocity  of  the  stream  at  different  seasons 
w»  r*'  known.  Supposing  all  these  observations  to  have  been  made,  it 
would  be  more  easy  to  calculate  tlio  future  than  the  former  procjre^s  of 
the  delta,  because  it  would  be  a  laborious  task  to  ascertain,  with  any 
deojee  of  precision,  the  original  depth  and  cxte-nt  of  that  part  of  the 
lake  which  is  already  filled  up.  Even  if  this  infornuiLiun  were  actually 
oUdaed  by  borings,  it  would  only  enable  us  to  approximate  within  a 
ceiiam  number  of  centuries  to  the  time  when  tbe  Rhone  began  to  form 
its  present  delta ;  but  this  would  not  give  us  tbe  date  of  tbe  origin  of 
tbe  Leman  Lake  in  its  present  form,  because  tbe  river  may  have  flowed 
into  it  for  thousands  of  yeara,  without  importing  any  sediment  whatever. 
Such  would  have  been  the  case,  if  the  waters  had  first  passed  through  a 
chain  of  upper  lakes ;  and  that  this  was  actually  the  fact,  seems  indicated 
by  the  course  of  the  Rhone  between  Martigny  and  the  Lake  of  Oeneva, 
and.  still  more  decidedly,  by  the  channels  of  mauy  of  its  principal  feeders. 

If  we  ascend,  for  example,  the  valley  throucjh  which  tbe  Dranse  flows, 
we  find  that  it  consists  of  a  succession  of  basins,  one  above  the  other,  in 
each  of  which  there  is  a  wide  expanse  of  flat  alhnnal  lands,  separated 
from  the  next  basin  bv  a  rocky  trorge,  once  perhaps  the  barrier  of  a  lake. 
The  river  seems  to  have  filled  these  lakes,  one  after  the  other,  and  to 
have  partially  cut  through  the  barriers,  some  of  which  it  is  still  gradu- 
ally eroding  to  a  greater  depth.  Before,  therefore,  we  can  pretend  even 
to  haiBid  A  conjecture  as  to  tbe  era  at  which  the  prindpal  delta  of  Laike 
I^nan  or  any  other  delta  commenced,  we  must  be  thoroughly  aequaint- 
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ed  with  the  geographical  feature  and  geological  history  of  the  whole 
system  of  higher  valleys  which  communicate  with  the?  mn'in  stream,  and 
all  the  charifjcs  which  they  have  undercfone  since  the  last  series  of  con* 
vulsions  wliieh  n^_^itatecl  anrl  altered  the  face  of  tlie  country. 

Luke  Superior. — Lake  Superior  is  tlie  lar£jest  body  of  freshwater  in 
the  world,  being  above  1700  geographical  miles  in  circumfereacc  when 
we  follow  the  sinuosities  of  its  coasts,  aad  its  lenio^th,  on  a  curved  line 
drawn  through  its  centre,  beinpf  more  than  400,  and  it«  extreme  breadth 
above  150  geographical  miles.  Its  surface  is  nearly  as  large  as  the 
whole  of  England.  Its  average  depth  v  aries  from  80  to  ISO  fathm; 
hat,  aeoordmg  to  Captaio  Bayfield^  there  la  ream  to  thinb  that  its 
greatest  depth  would  not  be  overrated  at  200  fathoms,  so  thai  its  bottom 
«^  ID  some  parts,  nearlj  000  feet  below  the  level  of  the  Atlantte,  its  sor* 
f Ace  being  abont  as  nmch  above  it  There  are  appeanwoes  In  difleieni 
parts  of  this,  as  of  the  other  Canndian  lalces,  leading  us  to  infer  that  its 
wEt'irs  formerly  ocoapied  a  higher  level  than  tbej  reach  at  present ;  fw 
at  a  oonsiderable  distanoe  from  the  present  shores,  parallel  lines  of  rolled 
stones  and  shells  arc  seen  rising  one  above  the  other,  like  the  seats  of 
an  amphitheatre.  These  ancient  lines  of  shingle  are  eisotly  similar  to 
the  present  beaches  in  most  bays,  and  they  often  attain  an  elevation  of 
40  or  60  feet  above  the  present  level.  As  the  heaviest  gales  of  Avind 
do  not  raise  the  waters  more  than  three  or  four  feet, •  the  elevntrd  ]>«>aches 
have  bv  some  been  referred  to  the  subsidence  of  tlie  lake  at  former  pe- 
rimls,  in  consequence  of  the  wearini^  down  of  its  barrier  ;  by  others  to 
the  upraising  of  the  shores  by  earthrjuakes.  like  those  which  have  pro- 
duced similar  phenomena  on  the  c*)a.st,  of  Chili. 

The  stre^ims  which  discharge  their  waters  into  Lake  Superior  are  sev- 
eral hundred  in  number,  without  reckoning  those  of  smaller  size ;  and 
the  qoanUty  of  water  supplied  by  them  is  many  times  greater  than  that  ' 
discharged  at  the  Falls  of  St.  Maty,  the  only  outlet  The  evapoTation, 
therefore,  is  very  great,  and  such  as  might  be  expected  from  so  vast  sn 
extent  of  surface.  On  the  northern  side,  which  is  encircled  by  primaiy 
mountains,  the  riven  sweep  in  many  large  boulders  with  smaller  gnrvd 
and  ssnd,  chiefly  composed  of  granitic  and  trap  rocks.  There  are  also 
currents  in  the  lake  in  various  directions,  caused  by  the  continued  preva- 
lence of  strong  winds,  and  to  their  influence  we  may  attribute  the  dif> 
fusion  of  finer  mud  far  and  wide  over  great  areas ;  for  by  numerous 
soundings  made  during  Captain  Bayfield's  survey,  it  was  ascertained 
that  the  bottom  consists  generally  of  a  very  adhesive  elay,  containing 
shells  of  the  species  at  present  existing"  in  the  lake.  When  exposed  to 
thf  nir  this  clay  immediately  becomes  indurated  in  so  great  a  degree,  as 
t')  lei^uire  a  smart  lilow  to  break  it.  It  effervesces  slijjhtly  with  diluted 
nitric  acid,  and  is  of  different  colors  in  difTereiit  parts  of  (he  lake  ;  in  nne 
district  blue,  in  another  red,  and  in  a  third  white,  liardening  into  a  sub- 
stance resembling  pipeclay.*'    From  these  staiemcuis,  the  geologist  wiU 

*  Trans,  of  Lit  and  Uist.  Soa  sf  Quebec,  vol  1^6,  1829. 
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Dot  fail  to  remark  bow  closely  these  recent  lacustrine- formations  in 
AiBCiica  raemble  the  tertiarjF  alliaceous  and  calo^reous  mark  of  la- 

cmtrioe  origin  in  Central  France.  In  both  cases  many  of  the  genera  of 
ibells  most  abundant,  as  Limnea  and  Planorbis,  are  the  same ;  and  in 

rojird  to  other  classes  of  organic  remains  there  must  be  the  closest 
aaaiogy,  as  I  nlmU  endeavor  more  fully  to  explain  when  speaking  of  the 
imboddi^g  of  phuiU  and  aoimala  in  recent  deposiu. 

DBLTAB  Oy  IWLKVD  8BA8. 

Having  thus  briefly  considered  some  of  the  lacustrine  deltas  now  in 
progress,  we  may  next  turn  our  attention  to  those  of  inland  seas. 

Course  of  the  Po. — The  Po  aiOfords  an  instructive  example  of  the 
fluimer  m  wUeh  m  greal  riTer  bean  down  to  the  eea  the  matter  pemed 
into  it  by  a  moltitade  of  tribntariee  deioejji^ing  from  lofty  chuns  of 
BOttDiaiiis.  The  changes  gradually  eflfeeted  in  the  great  plain  of  North* 
cm  Italy,  since  the  time  of  the  Roman  republic,  are  considerable.  £s- 
ieonre  lakes  and  marshes  have  been  gradually  filled  up,  as  those  near 
PlaeeDtia»  Paima»  and  Cremona*  and  many  have  been  dramed  natuially 
by  the  deepening  of  the  beds  of  rivers.  Deserted  rirer-oourses  are  not 
Bufrequent,  as  that  of  the  Serio  Morto,  which  formerly  fell  into  the 
Adda,  in  Lombardy.  The  Po  also  itself  has  often  deviated  from  its 
eoaise,  baring  after  the  year  1390  dcsi  rted  part  of  the  territory  of 
♦^n-mona,  and  invaded  that  of  Parma ;  its  old  channel  being;  still  rccotr- 
iiizable,  and  bt  aring  the  narue  of  Po  Morto.  There  is  also  an  old  chan- 
nel of  the  Fo  in  the  territory  of  Parma,  called  Po  V<^r-rhio.  wliich  was 
atituloned  in  the  twelfth  ccDtary,  when  a  great  number  ot  towns  were 
destroy  ed. 

*  Artipclal  e)ohankiiu}iis  of  Italian  rivers. — To  check  these  and  similar 
aberraiions.  a  general  system  of  embankment  has  been  adopted ;  and 
the  Po,  Adige,  and  almost  all  their  tributaries,  are  now  confined  between 
artificial  banks.  The  increased  Telocity  acquired  by  streams  thus 
dtased  in,  enables  them  to  convey  a  much  larger  portion  of  foreign  mat- 
tflr  to  the  sea ;  and,  conse<iuent1y,  the  deltas  of  the  Po  and  Adige  have 
pined  far  more  mpidly  on  the  Adriatic  since  the  practice  of  embank- 
SMot  became  almost  univeiss].'  But,  although  more  sediment  is  borne 
to  the  sea,  part  of  the  sand  and  mud,  which  in  the  natural  state  of 
tfatngs  would  be  spread  out  by  atmual  inundations  over,  the  plain,  now 
snbiMes  in  the  bottom  of  the  river'channels ;  and  their  capacity  being 
thereby  diminished,  it  is  necessary,  in  order  to  prevent  inundations  in 
the  following  spring,  to  extract  matter  from  the  bed,  and  to  add  it  to 
the  bunks  of  the  river.  Hence  it  happen?  that  these  streams  now  tra- 
xpfii^  the  plain  on  the  toj)  of  lii<xh  mounds,  like  the  waters  of  arjiieducts, 
ind  ;it  Kerrara  the  surface  of  the  Po  has  become  more  «']( •^  nt^d  than 
ttte  roofs  of  the  houses.*    The  magnitude  of  these  barriers  is  a  bubject 


*  ProRj,  see  Cuvier,  Disc.  I'relim.  p.  146. 
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of  inereasbg  expense  and  uudetf,  it  having  been  gmnetimes  found  necci' 
•uy  to  give  an  addiUonal  height  of  nearly  one  foot  to  the  hanks  of  the 
Adige  and  Po  in  a  single  seaaOo. 

The  practice  of  embankment  was  adopted  on  some  of  the  Italian 
rivers  as  early  as  the  thirteenth  century ;  and  Dante,  writlog  in  the 
bo^nnning  of  the  fourteenth,  describes,  in  the  seventh  circle  of  hell,  a 
rivulet  of  tears  separated  from  a  burning  sandy  desert  by  embankments 
"like  those  which,  between  Ghent  and  Bruges,  were  raised  against  the 
ocean,  or  those  which  tlie  P.iduans  had  creeled  along  the  Brenta  to 
defend  their  villas  on  the  melting  of  the  Alpine  snows.'* 

Quale  I  Flaininiiigfai  tta  Guaoute  e  Bruggio, 
Temendo  il  fiotio  che  in  ver  lor  B'BVTenta» 

»  Fanno  lu  schernin,  jn  rch6  il  mar  si  foggiSi 

•  E  quale  i  Pudo^  in  i  iii^n  la  Jirenta, 

Uifeo^jr  lor  viiie  e  lor  caatelli, 
Ansi  che  oEiarMitana  U  ealdo  aenta^ 

Infenu»t  Oantosr. 

In  the  Adriatic,  from  the  northern  part  of  Hie  Gulf  of  Trieste,  whtrc 
the  Tsonzo  enters,  down  to  the  south  of  Riu cniLi,  there  is  an  uuiiiler- 
rupted  series  of  recent  accessions  of  land,  more  than  100  miles  in  length, 
which,  within  the  last  2000  years,  have  incretised  from  two  to  twenty 
milu  m  hreadik,  A  line  of  sand-bars  of  great  length  has  been  formed 
nearly  all  along  the  western  ooast  of  this  gulf,  inside  of  -wbieh  are 
Jagunes,  such  as  those  of  Venice,  and  the  large  laguue  of  Comaechio. 
20  miles  in  diameter.  Kewly  deposited  mud  brought  down  by  the 
streams  is  continually  lessening  the  depth  of  the  lagunes,  and  converting 
part  of  them  into  meadows.*  The  Isonso,  T^liameato,  Piave,  Brenta, 
Adige,  and  Po,  beades  many  other  inferior  rivers,  contribute  to  this 
advance  of  the  coast-line  and  to  the  shallowing  of  the  lagunes  and  the 

/>e/to  of  the  Po. — The  Po  and  thb  Adige  may  now  be  considered  as 
entcrins^  by  one  common  drlta,  for  two  branches  of  the  Adige  are  con- 
nected with  arms  of  the  Po,  and  thus  the  prinripal  delta  has  been 
pushed  out  bi'y'>nd  those  bars  which  separate  the  lairunes  from  the  sea. 
The  rate  of  the  advance  of  this  now  land  has  been  accelerated,  as  before 
stilted,  since  the  system  of  embanking  the  rivers  became  LTeneral,  esjie- 
cially  at  that  jx/mt  where  the  Po  and  Adiije  enter.  Tlie  waters  are  no 
longer  permitted  to  spread  themselves  far  and  wide  over  the  plains,  and 
to  leave  behind  them  the  larger  portion  of  their  sediment.  MounUun 
torrents  also  have  become  more  turbid  since  the  clearing,  away  of  for* 
ests,  which  once  clothed  the  southern  Danks  of  the  Alps.  It  is  calcn* 
lated  that  the  mean  rate  of  advance  of  the  delta  of  the  Po  on  the 
Adriatic  between  the  yeais  1200  and  1600  was  25  yards  or  metres  s 
year,  whereas  the  mean  annual  gain  from  1600  to  1804  was  70  metres*! 

*  See  De  Beaumont,  G6al<«ie  Pratique,  vol  L  p.  823, 1844 
t  Frony,  dked  bgr  Cuvier,  Duconrs  Pr^limin. 
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Adiia  WW  ft  aenfiort  m  (he  time  of  Angattus.  and  had,  m  ancient 
times,  given  its  name  to  the  golf;  it  is  now  about  twentj  Italian  milea 
inland.  Ravenna  was  also  a  seaport,  and  is  now  about  four  miles  from 
Ihemain  aea.  Yet  even  before  the  practice  of  embankment  was  intro* 
daced,  the  alluvium  of  the  Po  advanced  with  rapidity  on  the  Adriatic ; 
for  Spina,  a  very  ancient  city,  originally  built  in  the  district  of  Ravenna, 
U  the  mouih  of  a  great  arm  of  the  Po,  was,  so  early  as  the  commence* 
ment  of  our  era,  eleven  miles  distant  from  the  sea.* 

But  although  so  many  rivers  are  rapidly  converting^  the  Adriatic  into 
land,  it  appears,  by  the  observations  of  M.  Morlot,  that  since  the  time 
of  ihe  Romans,  there  has  been  a  general  subsidence  of  the  coast  and 
bed  of  tfaii  eeft  in  the  same  region  to  the  nmonnft  of  fite  feet»  ao  that 
the  ednunee  of  the  new-nade  land  has  not  been  so  fast  as  it  wodd  have 
ben  had  the  level  of  the  coaai  nmained  unaltered.  The  signs  of  a 
mnch  greater  depveeaion  anterior  to  the  hiato^^  period  have  alao  been 
bvMght  to  light  hf  an  Arteaian  well»  bored  in  1847,  to  the  depth  of 
more  than  400  feet,  which  atiU  failed  to  penetrate  through  the  modem 
ihiviatile  deposit.  The  anger  paeaod  chiefly  throngh  beds  of  sand  and 
clay,  but  at  four  several  depths,  one  of  them  veij  near  the  bottom  of 
the  excavation,  it  pierced  bed.s  of  turf,  or  accumulations  of  vecirftiible 
mattor,  precisely  similar  to  those  now  formed  superticially  on  the  ex- 
treme borders  of  the  Adriatic.  Ilrme  we  learn  that  a  considerable 
area  of  what  was  once. land  has  sunk  down  400  feet  in  the  course  of 
ag«s.f 

TLe  greatest  depth  of  the  Adriatic,  between  Dalmaiia  and  the  mouths 
of  tbe  Po,  is  twenty-two  fathoms ;  but  a  Urge  part  of  the  Gulf  of  Trieste 
ud  the  Adriatic,  oppoaite  Venice,  is  leaa  than  twelve  fathoma  deep. 
Farther  to  the  aouth,  where  it  ia  leaa  affected  hj  the  inftui  of  great 
nwn,  the  golf  deepena  connderably.  Donati,  after'dredging  the  bottom* 
diMOvered  the  new  depoaita  to  eooaiat  partly  of  mud  and  partly  of  rock, 
the  rock  being  formed  calcareous  matter,  incmating  ahella.  He  alao 
tecertained,  that  particular  species  of  testaceawere  grouped  together  in 
c^lain  plaeea»  and  were  becoming  slowly  incorporated  with  the  mud  or 
calcareous  precipitates. J  Olivi,  also,  found  some  deposits  of  sand,  and 
others  of  mud,  cxtendinr^  half  way  across  the  gulf ;  and  he  states  that 
their  distrilxition  alonj^  the  bottom  was  evidently  determined  by  ^bf 
pjvvailini^  current. §  It  is  probable,  therefore,  that  the  finer  sediment 
of  all  the  rivers  at  the  head  of  the  Adriatic  may  be  interminirk'd  by  the 
influence  of  the  current ;  and  all  the  central  parts  of  the  gulf  may  be 
OODsidered  as  slowly  filling  up  with  horizoulal  deposits,  similar  to  those 
of  the  Snbapennine  bills,  and  containing  many  o(  tbe  same  speciea  ol 
ihella.  The  Po  merely  introdneea  at  pteaent  fine  aand  and  mnd,  for  it 
einiea  no  pebbka  ihrther  than  the  apot  where  it  joiaa  the  Trebia,  weal 
cf  Piacenaa.    Near  the  northern  borden  of  the  haain,  the  laonao^ 

•  Broccbi,  Conch.  Fo»«.  Subnp.  voL  I  p.  118. 
f  Atdiuc,  Hktdre  des  Progr^  d«  la  O^d.  lM8k       >*•  P>  ^ML 
t  Braedii,  Conch.  Fow.  Sofaapb  vvL  i.  pi  89.  g  l6d.  wL  iL  p 
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fRgliaiueatob  and  mnij  other  streams,  are  forming  immense  Ms  el 
land  and  some  cooglomenite ;  for  here  some  Ugh  momiCatns  of  Alpbe 
limestone  approach  within  a  few  miles  of  the  sea* 

In  the  time  of  the  Romans,  the  hot-haths  of  Monfalcone  were  od  one 
of  several  islands  of  Alpine  limestone,  between  which  and  the  m  inland, 
on  the  north,  was  a  channel  of  the  sea,  about  a  mile  broad.  This  chan- 
nel is  now  converted  into  a  graasy  plain,  whioh  snmmnds  the  inlands  on 
all  sides.  Amoni^  the  nuroeroos  change  on  this  coast,  we  find  that  the 
prpsont  channol  of  the  Isonzo  is  several  miles  to  the  we<.t  of  its  ancient 
bed,  in  part  of  which,  at  Ronchi,  the  old  Roman  bridge  which  crowed 
the  Via  Appia  was  latelr  found  buried  in  fluviatilc  silt. 

Marine  delta  of  the  Rhone. — Th*^  lacustrine  delta  of  the  Rhone  in 
Switzerland  has  already  been  considered  (p.  261),  its  contemporaneous 
marine  delta  may  now  be  described.  Scarcely  has  the  river  pasised  out 
of  the  Lake  of  Geneva  before  ^tM  pure  waters  are  anfain  filled  with  sand 
and  sediment  by  the  impetuous  Arve,  descending  lioui  the  highest  Alps, 
and  bearing  along  in  its  current  the  granitic  detritus  annually  broogbt 
down  by  the  gladers  of  Mont  Blane.  The  Rhone  afterwards  receives 
vast  contributions  of  transported  matter  from'  the  Alps  of  Dauphiny, 
and  the  primary  and  Tolcanie  mountains  of  Centrsl  France ;  and  when 
at  length  it  enten  the  Mediterranean,  it  disoolon  the  bine  wafers  ol 
that  sea  with  a  whitish  sediment,  for  the  distance  of  between  six  and 
tesm  miles,  throughout  which  space  the  current  of  fresh  water  is  per- 
ceptible. 

Strabo's  description  of  the  delta  is  so  inapplicable  to  its  present  con- 
figuration, as  to  attest  a  complete  alteration  in  the  fAiyma^  features  of 
the  country  since  the  Augustan  age.    It  appears,  however,  that  the 
head  of  the  delta,  or  the  point  at  which  it  begins  to  ramify,  has  re- 
mained unaltered  since  the  time  of  Plinv,  for  he  states  that  the  Rhone 
divided  itself  at  Aries  into  two  arras.    This  is  the  ca^c  at  present;  one 
of  the  branches,  the  western,  being  now  called  Le  Petit  Rhone,  which 
is  again  subdivided  before  entering  the  Mediteiranean.    The  advm  »  of 
the  base  of  the  delta,  in  the  l.u^t  eighteen  centuries,  i-  dimi^nst rated  by 
many  curious  antiquarian  monuments.    The  mobt  strilcing  oi  these  is  the 
great  and  iinii.itural  detour  of  the  old  Roman  road  from  Ugemum  to 
Beziers  {Baeterrae)  which  went  round  by  Nismes  {Nemausu^).    It  is 
clear  that,  when  Uiis  was  first  constructed,  it  was  impossible  to  pass  in 
A  direct  line,  as  now,  aeroes  the  delta,  and  that  either  the  sea  or  marshes 
inter?ened  m  a  tract  now  ooneiating  of  tern  fizma.*    Astruc  also 
remarke,  that  all  the  places  on  low  lands,  lying  to  the  north  of  the  old 
Boman  road  between  Nismes  and  Besien,  have  names 'of  CeStie  origin, 
evidently  given  to  them  by  the  firat  inhabitants  ol  the  country; 
tat,  the  places  lying  south  of  that  road,  towards  the  sea,  have  namea  of 
Latin  derivation,  and  wera  clearly  founded  after  the  Roman  langungt 
had  been  introduced. 

•  M6m.  d'Astrac^  dted  by  Yon  EoSt  vol  t  pb  268. 
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Another  proof,  also,  of  the  great  extent  of  lunJ  which  has  come  into 
existeoce  since  the  Romans  conquered  and  colonized  6aul»  is  derived 
from  the  fact,  ih&i  the  Romui  writeis  never  nenticm  the  thermal 
vtten  ef  Balarae  m  the  delta»  although  they  were  well  acquainted  with 
ihoM  of  Aiz,  and  otheiB  atUl  more  dbtanti  and  attached  great  impoiv 
nee  to  them,  as  they  invariahly  did  to  all  hot  springs.  The  waters  of 
Bihrae,  therefore,  rowt  have  formerly  iasiied  under  the  eea^--tt  com- 
mm  phenomenon  on  (he  hordera  of  the  Meditemnean ;  and  on  the 
advance  of  the  delta  they  eontinued  to  flow  ont  through  the  new 

Among  the  more  direct  proofs  of  the  increase  of  land,  we  find  iioA 
Hese,  described  under  the  appellation  of  Mesua  CoUis  by  Pomponius 
Mela,*  and  stated  by  him  to  be  nearly  an  island,  is  now  far  inland. 
Vofr**  Dame  des  Ports,  also,  was  a  harbor  in  898,  but  is  now  a  leni^'uo 
tnim  the  shore.  Psalraodi  was  an  island  in  815,  and  is  now  two 
l^-airues.  from  the  sea.  Several  old  lines  of  towers  and  sea-marks  occur 
ai  different  distances  from  the  present  mast,  all  indicating  the  siicccs- 
siTc  retreat  of  the  sea,  for  each  line  has  in  its  turn  become  useless  to 
marin^T.N ,  .vhich  may  well  be  conceived,  when  we  state  that  the  Tower 
of  Tignaux,  erected  oa  the  shore  so  late  as  the  ^^ear  1737,  is  already  a 
mile  remote  from  itf 

By  the  oonfinence  of  the  Rhone  and  the  currents  of  the  Medlteim- 
seto,  driven  hy  wmds  from  the  south,  ssnd-bars  are  often  formed  aeross 
tlie  months  of  the  river ;  by  these  means  considerahle  spaces  become 
dirided  off  from  the  sea,  and  subsequently  from  the  river  atso^  when  it 
lUfts  hs  channels  of  efflux.  As  some  these  lagoons  are  subject  to 
the  oeeaaiottal  ingress  of  the  river  when  flooded,  and  of  the  sea  during 
storms,  they  ate  alternately  salt  and  fresh.  Others,  after  being  filled 
ivith  salt  water,  are  often  lowered  by  evaporation  till  they  become 
more  salt  than  the  sea ;  and  it  has  happened,  occasionally,  that  a  eon* 
nderable  precipitate  of  muriate  <^  soda  has  taken  place  in  these  natural 
salterns.  During  the  latter  part  of  Napoleon's  career,  when  the  excise 
laws  were  enforced  with  extreme  riffor,  the  police  was  employed  to 
prpTpnt  such  salt  fmm  being  used.  The  flttvi  ilile  and  marine  shells 
int :lo^»^d  in  these  small  lakes  often  live  together  in  brackish  water ;  but 
tiie  uncongenial  nature  of  the  fluid  usually  produces  a  dwarfish  8iz«, 
and  Boroetim«»8  g^^  <  >  lis  ■  to  strange  varieties  in  form  and  color. 

Captain  Smyth  in  his  survey  of  the  const  of  the  Mediterranean, 
found  ib«  sea  opposite  the  mouth  of  the  Rhone,  to  deepen  gradually 
from  four  to  forty  fathoms,  within  a  distance  of  six  or  seven  miles, 
ever  which  the  discolored  fresh  water  extends ;  so  that  the  inclination 
sf  the  new  depoats  must  be  too  slight  to  he  appreciable  in  such  ac 
cileni  of  section  as  a  geologist  usually  obtains  m  emmmmg  undent 
linnlioiia.   When  the  wind  blew  from  the  southwest*  the  ships  em- 


•  Lib-  ii.  c.  T. 
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ployed  in  the  vanej  were  obliged  to  quit  their  mooringi;  end  Whei 
they  letnrnedy  the  neir  aand-baoVs  in  the  ddts  were  found  eoverett 
over  with  a  grael  ebondanee  of  maiine  sheik.  By  this  m^ms,  we  learn 
how  oecaeional  beds  of  drifted  marine  aheUs  may  heeoiBe  interstrstiftBd 
with  Irashwater  strata  at  a  river's  mouth. 

SUmy  nature  of  its  deposits. — That  a  great  proportion,  at  least, 
of  the  new  deposit  in  the  delta  of  the  Rhone  consists  of  rock,  and  not 
of  loose  incoherent  matter,  is  perfectly  ascertained.  Tn  the  Museum  at 
Montpelicr  is  a  cannon  taken  up  from  the  sea  near  the  mmith  of  th« 
river,  imbeclflffl  in  n  crvstalline  calcareous  rock.  Large  masses,  also, 
are  continually  taken  up  of  an  arenaceous  rock,  cemented  by  calcareous 
matter,  including  multitudes  of  broken  shells  of  recent  species.  The 
observations  lately  auide  on  this  subject  corroborate  the  former  state- 
ment of  Marsilli,  that  the  earthy  deposits  of  the  coast  of  lAn^iedoc  form 
a  stony  substance,  for  which  reason  he  ascribes  a  certain  bituminous, 
saline,  and  glutinous  nature  to  the  suhstanoes  brought  down  with  sand 
by  the  Bhone.*  If  the  nutnher  of  miners]  springs  charged  with  68^ 
bonate  of  lime  whioh  fall  into  the  Rhone  and  its  feeden  hi  diftiest 
parts  of  Fianee  be  coosidered,  we  shall  feel  no  surprise  at  the  lapidifi* 
cation  of  the  newly  deposited  sediment  in  this  delta.  It  ehoold  he 
remembered,  that  the  fresh  water  introduced  by  rivers  being  Hgfater 
than  the  water  of  the  sea,  floats  ofer  the  latter,  and  remaina  upon  the 
surface  for  a  ooosidemble  distance.  Consequently  it  »  exposed  to 
as  much  evap(Mration  as  the  waters  of  a  lake ;  and  the  area  over  which 
the  river-water  is  spread,  at  the  junction  of  great  rivers  and  the  sea, 
may  well  be  compared,  in  point  of  extent,  to  that  of  considerable  lakes. 

Now,  it  is  well  known,  that  so  great  is  the  quantity  of  water  carried 
off  by  evaporation  in  some  lakes,- that  it  is  nearly  equal  to  the  water 
flowing  in  ;  and  in  some  inland  seas,  as  the  CHspian,  it  is  quite  equal. 
We  may,  therefore,  well  suppose  that,  in  cases  where  a  strong  current 
does  not  interfere,  the  (rrenter  {Mu  liun  not  only  of  the  matt  er  held  mechan- 
ically in  suspensioti,  but  of  that  also  which  is  in  chemical  solution,  may 
be  precipiL.iLcd  at  no  great  distance  from  the  shore.  When  these  finer 
iugrcdieuLs  are  extremely  small  in  quantity,  they  may  only  suffice  tc 
supply  crustaceous  animals,  corals,  and  marine  plants,  with  the  esrthy 
particles  neceasary  for  their  secretions;  but  whenever  it  isiaeieesi 
(as  generally  happens  if  the  basm  of  a  river  lie  partfy  in  a  district  d 
active  or  extmct  volcanoes),  then  wiU  solid  depoeito  be  formed^  and  the 
shells  will  at  onoe  be  moluded  in  a  rocky  mass. 

Coatt  ^  Asia  ifSiiof.*- Examples  of  the  advance  of  the  land  upon 
the  sea  are  afforded  by  the  southern  coast  of  Asia  Minor.  Admtiai 
Sir  F.  Beaufort  has  pointed  out  in  his  survey  the  great  alterations 
eflfected  since  the  time  of  Strabo,  where  havens  are  filled  up,  islands 
joined  to  the  mainland,  and  where  the  whole  continent  has  increased 
many  miles  in  extent.  Strabo  himself,  on  comparing  the  outline  of  the 
oosst  in  his  time  with  its  ancient  state,  was  convinced,  like  our  country- 

*  Hilt  Fbya  d«  la  Her. 
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MBi  that  i(  had  gained  Tery  eoaaidenbly  upon  the  sea.  The  new* 
fanaed  stiate  of  Ana  Minor  eonsiat  <tif  vt/am^  not  of  looae  ineoherent 
mateittia,  Almost  all  the  streamleto  and  riTera,  like  many  of  those  in 
Tweaay  and  the  sonth  of  Ilaly,  hold  abundance  of  carbonate  of  lime 
b  solutioii,  and  precipitate  travertin,  or  sometimea  hind  together  the 
!>aod  and  gravel  into  solid  sandstones  and  conglomeratea;  eivery  delta 
and  s^ind-bar  thus  acquires  solidity,  which  often  prevents  streams  from 
forcin  g  tbeir  way  through  them,  so  that  their  mouths  are  cottstantiy 
changing  their  position.* 

Mia  of  the  Xile. — That  Ep^ypt  was  "the  irift  of  the  Nile,"  was  the 
opinion  of  her  priests  before  the  time  of  iioiotlutus ;  and  Kennell  ob- 
eerves,  tkit  the  "  configuration  and  compoiiitioa  of  the  low  lands  leave 
SO  room  for  doubt  that  the  sea  onoe  washed  the  base  of  the  rocks  on 
wUeh  the  pyramida  of  Memphis  ^d,  the  pmetd  base  of  wbieh  b 
vadied  by  the  inondation  of  the  Nile^  at  an  elevation  of  70  or  80  feet 
ibofe  ibe  Mediterranean.  But  when  we  attonpt  toear  ybackomridcaa 
to  the  leaaoto  period  when  the  foundation  of  the  delta  was  first  laid,  we 
sn  lost  b  the  oontemplatMNi  of  so  vast  an  interval  of  time."f  Herodo- 
tus observes*  "  that  the  ooontry  round  Memphis  seemed  formerly  to 
fasts  been  an  arm  of  the  sea  gradually  filled  by  the  Nile,  in  the  same 
manner  as  the  Meander,  Achelous,  and  other  streams,  had  formed  deltas. 
K,'\  pt,  therefore,  he  says,  like  the  Red  Sea,  was  once  a  long  narrow  hay, 
k»(h '_!ii!fs  were  separated  by  a  small  neck  of  land.  If  the  Nile, 
U' addii,  should  by  any  means  have  an  issue  into  the  Arabian  Gulf,  it 
might  choke  it  up  with  earth  in  20,000  or  even,  perhaps,  in  10,<»0() 
ytars;  and  whv  mnv  not  the  Nile  have  filled  a  still  greater  guif  with 
aiod  in  the  space  of  lime  which  has  passed  before  our  age 

The  distance  between  Memphis  and  the  meet  prominent  part  of  the 
<Wt»  b  a  itraight  line  north  and  south,  is  about  100  geographieal  miles ; 
(he  ^gth  of  Uie  base  of  the  della  is  more  than  200  miles  if  we  follow 
the  nail  between  the  ancient  extreme  eaatem  and  western  arms ;  but  aa 
<^  are  now  blocked  up,  that  part  oily  of  Lower  Egypt  which  inter- 
^cn^  betivetti  the  R(»etta  and  Damietta  branches,  is  usually  called  the 
<}elta,  the  coast  line  of  which  is  about  90  miles  in  length.  The  bed  of 
the  river  itself,  says  Sir  J.  G.  Wilkinson,  undergoes  a  gradual  increase 
of  elevation  varying  in  different  places,  and  always  lessening  in  propor- 
tion as  the  river  approaches  the  sea,  "  Tliis  inrn  n'^p  of  elevation  in 
pt'rp'-ndicular  height  is  much  smaller  in  Lower  than  in  Upper  Ivjjvpt, 
Hid  in  the  delta  it  diminishes  still  more;  so  that,  according  to  an  ap- 
proximate calculation,  the  hmd  about  Klephantine,  or  the  first  cataract, 
lat.  24"  5',  luib  been  rused  nine  feet  in  1700  years ;  at  Thebes,  lat,  25** 
^3',  about  seven  feet ;  and  at  Heliopo^is  and  Cairo»  lat.  30'',  about  five 
ftti  tea  inches.  At  Rosetta  and  the  months  of  the  Nile,  ht,  ai^  ao', 
the  diomratioii  in.the  perpendienhr  thieknesa  of  the  deposit  is  lessened 

*  fffimftniai  cmt  a  brief  Deacriptioo  of  the  Ooast  of  Asia  Minor,  itc  Loodoi^ 
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in  a  much  greater  deeteanng  rado  than  in  the  straitened  valley  of  Ceo* 
tral  and  Upper  Egypt,  owing  to  the  great  eitent»  east  and  west,  over 

which  the  inundntion  spreads."* 

For  this  reason  the  alldvial  deposit  docs  not  cause  the  delta  to  protrude 
rapidly  into  the  sea,  although  some  nneinnt  cities  are  now  a  nv.h'  nr  more 
inland,  and  the  mouths  of  the  Nile,  mentioned  by  the  earlier  geographers, 
have  been  many  of  them  silted  up,  and  the  outline  of  the  coast  entirely 
changed. 

The  bed  of  the  Nile  always  keeps  pace  wiih  the  general  elevaiioii  of 
the  soil,  and  the  banks  of  this  river,  like  those  of  the  Mississippi  and  Js 
tributaries  (see  p.  266),  are  mueh  higher  than  the  flat  land  at  a  distaaee^ 
so  that  they  are  seldom  eorered  daring  the  highest  innsdationB.  In 
consequence  of  the  gradual  rise  of  the  river's  bed,  the  annual  flood  b 
eonstantly  spreading  over  a  irider  area,  and  the  alluvial  soil  encroaches 
on  the  desert,  covering,  to  the  depth  of  six  or  seven  feet^  the  base  of 
statues  and  temples  which  the  waters  never  reached  8000  yeata  aga 
Although  the  sands  of  the  Libyan  dcserta  have  in  some  places  been 
drifted  into  the  valley  of  the  Nile,  yet  these  aggressions,  says  Wilkinson, 
are  far  more  than  counterbalanced  hv  the  fertilizinc:  effect  of  the  water 
which  now  reaches  farther  inland  towards  the  desert,  so  that  the  num- 
ber of  square  miles  of  arable  soil  is  greater  at  present  than  at  any  pre- 
vious period. 

Mud  of  the  Nile. — On  (mi paring  the  different  analyses  which  have 
been  published  of  this  mud,  it  will  be  found  that  it  contains  a  large 
quantity  of  argillaceous  matter,  with  much  peroxide  of  iron,  some  car- 
bonate of  lioie,  and  a  small  proportion  of  carbonate  of  magnesia.  The 
latest  and  most  careful  aadysis  by  M.  Lassalgne  shows  a  sh^jularly  dose 
resembbmce  in  the  proportions  of  the  ingredients  of  silioa»  alumina,  iron,, 
carbon,  lime,  and  magnesia,  and  those  observed  in  ordinary  mica  ;f  but 
a  much  htger  quantity  of  calcareous  matter  is  sometimes  present. 

In  many  places,  as  at  Cairo,  where  artificial  excavations  have  been 
made,  or  where  the  river  has  und&rmined  its  banks,  the  mud  is  seen  to 
be  thinly  stratified,  the  upper  part  of  each  annual  layer  consosting  of 
earth  of  a  lighter  color  than  the  lower,  and  the  whole  separating  e;vsilr 
from  the  deposit  of  the  succeeding  year.  These  annual  layers  are  vari- 
fihlt'  in  thickness ;  but,  according  to  the  calculations  of  Oirard  and  Wil- 
kmson,  the  mean  annual  thickness  <>f  a  layer  at  Cairo  cannot  exceed  that 
of  a  sheet  of  tiun  pasteboard,  and  a  stratum  of  two  or  three  feet  must 
represent  the  accumulation  of  a  thousand  years. 

The  depth  of  the  Mediterranean  is  about  twelve  fathoms  at  a  small 
distanoe  from  the  shore  of  the  delta ;  it  afterwards  increases  gradually  to 
60,  and  then  suddenly  descends  to  S80  lathoms,  which  is,  perhaps,,  the  ' 
oru^nal  depth  of  the  sea  where  it  has  not  been  rendered  shallower  hy 
fluviatile  matter.   We  learn  from  Lieut  Kewbold  thatnothiag  hut  the 

*  Joura  uf  ^oy.  Geogrfl^h.  Soe.  vol  ix.  p.  432. 

f  Quart  Joum.  Q«oL  Sbc;  vol.  v. ;  Memoirs,  p.  20 ;  and  Ijusaigne^  JoWik  « 
Phann.  L  \  ^  46B. 
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€iiMt  and  Iqi^hteit  mgradknU  »m1i  the  Meditemn^,  where  he'  hac 
ebeeiTed  the  eee  ditooloied  I17  them  to  the  distaofie  of  40  nules  from 
ihe  shore.*  The  uaoll  progress  of  the  delta  in  the  last  2000  years  afibrcU, 
perhaps,  no  measure  for  ettkoatiog  its  rate  of  growth  when  it  was  an 
inland  bay,  and  had  not  yet  protruded  itself  beyond  the  coast-line  of 
the  Meditemuiean.  A  powerful  current  now  sweeps  along  the  sliores 
<rf  Africa,  from  the  Straits  of  Gibraltar  to  thv  prominent  convexity  of 
E^pt,  the  weblern  side  of  which  i«  rnnfiiui:illv  the  prey  of  the  waves  ; 
&0  that  not  only  are  fn  sh  acces&ions  of  land  ciiecked,  but  aiirient  parl« 
of  the  delta  are  carried  away.  By  this  cause,  Canopas  and  i>uiiie  other 
(owns  have  been  overwhelmed  ;  but  to  tui:a  subject  1  i»haU  again  rcler 
vhen  speaking  of  tides  and  currents. 


CHAPTBR  XVnL 
asPBODUOTtn  kitkotb  ot  &ivsbs — cotUmu^d, 

Deltaa  f<»tned  under  the  influence  of  tides — ^B«»n  and  delta  of  the  Miasiaaipp^ 
AUuTial  plain — River-banks  and  bhiffr* — Curves  of  the  river— Natural  raftg 

.  and  MUiigs — New  lakes,  and  effects  of  earthquakes — Antiquity  of  the  delta — 
Delta  of  the  Oangee  and  Brahniapootra — Head  of  Che  delta  and  Simderband^^ 
Iilande  formed  and  destroyed — Cmcodilcs — Amount  of  fluviatile  Mdiment  in 
the  water — Artesian  boring  at  Calcutta — Proofs  of  Mib^idenrc — Ao^e  of  th« 
delta — OooTergence  of  deltas — Ori^'in  of  oxi«!tinij  d(»lta.s  not  contf  rnj>f)runetni'»— 
Grouping  of  strata  and  btratiiictttiuu  iu  deltas — Congluiiierate&— Oou^tant  mter- 
diMBfe  of  land  and  sea. 

Is  the  hut  chaf)tcr  several  examples  were  given  of  the  deltas  of  inland  . 
seas,  where  the  influence  of  the  tides  is  almost  imperceptible.  We 
may  next  consider  those  marine  or  oceanic  deltas,  where  the  tides  play 
an  important  part  in  the  dispersion  of  fluviatile  sediment,  as  in  the  Gulf 
of  Mexico,  wliere  they  exert  a  moderate  degree  of  force,  and  then  in  the 
Bay  of  Biii.;al,  where  they  are  extremely  powerful.  In  regard  to 
estuaries,  which  Rennel  termed  "  negative  deltas,"  they  will  be  treated 
'  of  more  properly  when  our  attention  is  specially  turned  to  the  o])era- 
lions  of  tides  and  currents  (chapters  20,  21,  and  22).  In  this  case, 
instead  of  the  land  gaining  on  the  sea  at  the  river's  mouth,  the  tides 
penetrate  far  inland  beyond  the  general  coast-liae. 

BAsnr  Ain>  dslta  ow  thb  mseissippz. 

^^httfial  pUtm. — ^The  faydrographical  beam  of  the  Mississippi  displays, 
the  grandest  scale,  the  action  of  running  water  on  the  surface  of  a 
fast  contmenL  This  magnificent  river  rises  nearly  m  the  forty-ninth 

*  Qnart.  Jcnra.  OsoL  Soc;  1848,  M  iv.  p.  84S. 
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parallel  of  north  latitude,  and  flows  to  the  Qolf  of  Mezioo  in  the  tw^tdj* 

nii'th — a  course,  including  its  meanders,  of  more  than  three  thousand 
miles.  It  passpfi  from  a  cold  clinic te,  where  the  hunter  obtains  hi^  fun 
uiid  fX'ltrics,  travt;'i-st>s  the  U'mperalf^  latitudes,  and  dischaifrcs  it&  wators 
into  the  sea  in  the  n^rrjon  of  rice,  the  cotton  plant,  and  the  sui^'ar-cane 
From  Hfar  its  niouili  at  the  Balizc  a  steamboat  mav  nseend  tor  L*OU0 
miles  with  scarcely  any  perceptible  difference  in  the  width  of  the  river. 
Several  of  its  tributaries,  the  Red  River,  the  Arkuns^is,  the  MLs^uii,  the 
Ohio,  and  others,  would  be  regarded  elsewhere  as  of  the  first  importance 
and,  taken  together,  are  navigable  for  a  distanoe  many  limea  exeeediog 
that  of  the  .main  atream.  No  river  affoida  a  more  striking  illnatntioB 
of  the  law  before  mentioned,  that  an  m^mentatioo  of  vdume  does  not 
occasion  a  proportional  increase  of  snrfooe,  nay,  is  even  soiLetimea  nt- 
tended  with  a  narrowing  of  the  channel.  The  Missisappi  h  half  a  mile 
wide  at  its  junction  with  the  Missouri,  the  latter  being  also  of  equal 
width  ;  yet  the  united  waters  have  only,  from  their  confluence  to  tbe 
mouth  of  the  Ohio,  a  medial  width  of  about  half  a  mile.  The  junction 
of  the  Ohio  "-jfcms  also  to  produce  no  increase,  but  rather  a  decrease, 
of  surface.*  The  St.  Francis,  White,  Arkansas,  and  Red  rivers  are 
also  absorbed  by  the  main  stream  with  scarcelv  any  apparent  incn^fise 
of  its  width,  althougrh  here  and  there  it  t  xpiinds  to  a  breadth  of  1^,  or 
even  to  2  niilfs.  On  arriviniif  at  New  Orleans,  it  is  somewhat  Ie»a  than 
half  a  mile  w  ide.  Itsi  depth  there  is  very  variable,  the  greatest  at  high 
water  being  108  feet.  The  mean  rate  at  which  the  whole  body  of 
water  flows  is  variously  estimated ;  aocording  to  Mr.  Forahey  the  mean 
velocity  of  the  current  at  the  surface,  somewhat  exceeds  2}  milea  an 
hour  when  the  water  is  at  a  mean  he^ht  For  800  miles  ^ve  New 
Orleans  the  distance  measured  by  the  winding  river  ia  about  twioa  as 
great  as  the  distance  in  a  rightline.  For  the  first  100  miles  from  the 
mouth  the  rate  of  fall  is  180  inch  per  mile,  for  the  second  hundred  2 
inches,  for  the  third  2  30,  for  the  fourth  2*57. 

The  alluvial  plain  of  the  Mississippi  begins  to  be  of  great  width  below 
Cape  Girardeau,  f»0  milrn  above  the  junrtion  of  the  Ohio.  At  this 
junction  it  is  nhmt  50  miles  broad,  south  ^>f  which  it  contracts  to  about 
30  miles  at  Memphis,  expands  a<;ain  to  sn  miles  nt  the  mouth  of  the 
AVhite  River,  and  then,  after  various  t  uulractions  and  expansions,  pro- 
tnid^'s  beyond  the  general  coast -line,  in  a  large  delta,  about  90  miles  in 
width,  from  N.  K.  to  8.  W.  Mr.  Forahey  estimates  the  area  of  the 
grei^  plain  as  above  defined  at  31,200  square  miles,  with  a  circumfor- 
ence  <k  about  900d  miles,  exceeding  the  area  of  Ireland.  If  that  |NUt 
of  this  phiin  which  lies  below,  or  to  the  south  of  the  branching  off  of 
the  highest  amt  called  the  Atcbafalaya,  be  termed  the  delta,  it  consti* 
ttttes  less  than  half  of  the  whole,  being  14,000  square  British  miles  in 
area.  The  delta  may  be  said  to  be  boonded  on  the  east,  weat»  and 

•  Flint's  Ocof^raphy,  voL  L  |k  Lyell*s  Secood  Viiit  to  the  United  8tali% 
voi  ii  ciuipSi  28  to  84 


Digitized  by  Google 


Oh.  XVIU.] 


CXTBYBS  OF  THE  MISSISSIPPI. 


265 


mith  by  Uie  sea;  oo  liie  north  cUefly  by  the  brood  mlley-plain  which 
entvelj  naembles  i(  m  oharaoter  as  m  origfai.  The  east  and  west 
boundaries  of  the  allttvial  regioii  above  the  head  of  the  delta  consists  of 
ciift  or  b'liflEi,  which  on  the  east  side  ol  the  Ifisusnpp!  are  very  abrupt, 
and  are  undermioed  by  the  river  at  manypomts.  They  consist*  from 
Baton  Bouge  in  Loui^ana,  where  they  commence,  as  far  north  as  the 
borders  of  Kentucky,  of  geological  formations  newer  than  the  cretaceous, 
the  lowest  being  Eoccno,  and  the  uppermost  consisting  of  lofim,  re- 
strablintj^  the  loess  of  the  Rhine,  and  containin;^  iVcshwat^^r  nnd  land 
shelU  almost  all  of  existing  species.  (See  i\<r.  23.)  These  rec^Mi  shells 
are  :issociated  with  the  bones  of  the  mastodon,  elephant,  tapir,  raylodon, 
honr,  ox,  and  other  qaadrupedii,  most  of  them  of  extinct  species. 

I  iiave  endeavored  to  show  in  my  Second  Vi4>it  to  the  United  States, 
that  this  extensive  formation  of  loam  is  either  an  ancient  alluvial  plun 
or  a  delta  of-  the  great  river,  formed  originally  at  a  lower  levd,  and 
iinee  upheaved,  and  parddly  denuded. 

The  Mississippi  in  that  part  of  its  coune  which  is  below  the  month 
of  the  Ohiob  finqnently  washes  the  eastern  Unft,  hut  never  once  comes 
in  contact  with  the.  wesHm.  These  are  composed  of  umilar  fonnap 
tions;  but  I  learn  from  Mr.  Forshey  that  they  rise  up  more  gently 
baa  the  alluvial  plain- (sa.  at  a,  fig.  28).   It  is  supposed  that  the 
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waters  are  thrown  to  the  eastern  side,  because  all  the  large  tributary 
nvere  entering  from  the  west  have  filled  that  side  of  the  gixat  valley 
widi  their  deltas,  or  with  a  sloping  mass  of  clay  and  sand  ;  so  that  the 
oppc^te  blufi&  are  undermined,  and  the  Mississippi  is  slowly  but  inces~ 
isntly  advamnng  eastward.* 

Cfurves  of  the  MMmppi, — The  river  traverses  the  plain  in  a  mean« 
deru^  coorse,  describing  unmense  curves.  After  sweeping  round  the 
hslf  of  a  drele,  it  is  carried  in  a  rapid  current  diagonally  across  the 
ordinary  direction  of  its  channel,  to  another  curve  of  similar  shape. 
Opposite  to  eiich  of  these,  there  is  always  a  sand  bar,  answering,  in  the 
convexity  of  its  form,  to  the  concavity  of  "the  bend,"  as  it  is  ca11ed.f 
The  river,  by  continually  wearing  these  curves  deep,  returns,  like  many 
other  streams  before  described,  on  its  own  track,  so  that  a  vessel  in 
!?'^>me  places,  after  sailing  for  twentv-fivc  or  thirty  miles,  is  brought 
round  ag^^itn  to  within  a  mile  of  the  place  wh'^nfc  it  started.  When  the 
waters  approach  so  near  to  each  other,  it  often  liappens  at  high  floods 

•  0«  r>-raph.  De'jrrip.  of  Lo^li^iun.'l,  by  W.  Dsrby,  Philadelphia,  1S16,  pb  103. 
f  Flmt  s  treography,  vol  i.  p.  162.  . 
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Uiat  they  burst  througli  the  small  tODgna  of  Imidf  and  lamilaie  a  partialis 
rushing  through  what  is  called  the  "eut-dS,**  so  that  vessels  may  pass 
from  one  point  to  another  in  half  a  mile  to  a  distance  which  it  ppsri- 
oosly  required  a  vojage  of  twenty  miles  to  reach.  As  soon  as  the  iiTer 
has  excavated  the  new  passage,  ban  of  sand  and  mud  are  fotmed  at 
die  two  points  of  junction  with  the  old  bend,  which  is  soon  entirely 
sepamted  from  the  main  river  by  a  continuous  mud-bank  covered  with 
wood.  Thi-  riM  bend  then  becomes  a  semicircular  lake  of  clear  Vaster, 
inhabited  by  large  gar- fish,  alligators,  and  wild  fowl,  which  the  steam* 
boats  have  nearly  driven  away  from  the  main  river.  A  multitude  of 
such  crescent-shaped  lakes,  scattered  far  and  wide  over  the  alluviiU 
plain,  iho  greater  number  of  them  to  the  west,  but  some  of  them  also 
eastward  of  the  MisbisMpjji,  bear  testimony  of  the  extensive  waiiderin<;a 
of  the  great  stream  in  former  ages.  For  tlie  last  two  hundred  miles 
above  its  mouth  the  course  of  the  river  is  much  less  winding  than 
above,  there  being  only  in  the  whole  of  that  distance  one  great  eunrCt 
that  called  the  **  Enghsh  Turn."  This  great  stiaightneas  of  the  stream 
is  iKcrihed  by  Mr.  Forriiey  to  the  superior  tenacity  of  the  banks,  whieh 
am  more  clayey  in  this  regbn. 

-  The  Mississippi  has  been  Incorrectly  described  hy  some  of  the  earlier 
geographers,  as  a  river  running  along  the  top  of  a  long  hill,  or  mound 
m  a  plam.  In  reality  it  runs  in  a  valley,  from  100  to  200  or  more  feet 
in  depth,  as  a,  e,  6,  fig.  24,  its  banks  forming  long  strips  of  land  par- 
allel to  the  course  of  the  main  stream,  and  to  the  swamps  g,  f,  and  d,  ^ 
lying  on  each  side.  These  extensive  morasses,  which  are  commonly  well- 
wooded,  thoiu.^'-h  often  submerged  for  months  continuously,  arc  rarely 
more  than  liliecn  feet  below  the  summit  level  of  the  banks.  The  banks 
themselves  are  occasionally  overflowed,  but  are  usually  above  water  for 
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a  hnadth  of  about  two  miles.  They  follow  the  curves  of  the  great 
river,  and  near  New  Orleans  are  raised  artificially  by  embankments  (or 
levees),  a  6,  fig.  24,  through  which  the  river  when  swollen  sometimes 
cuts  a  deep  channel  (or  crevasse),  inundating  the  adjoining  low  lands 
and  swamps,  and  not  sparing  the  lower  streets  of  the  great  city. 

The  cause  of  the  uniform  upward  slope  of  the  river-bank  above  the 
adjoining  nlluvial  plain  is  this  :  when  the  waters  charged  with  sediment 
pass  over  tlie  banks  in  the  tluod  season,  their  velocity  is  checked  among 
the  herbage  and  reeds,  and  they  throw  down  at  once  the  coarser  and 
more  saiidv  matter  with  which  they  are  charged.  But  the  fine  parti- 
cles of  mud  arc  carried  further  uu,  so  that  at  the  distance  of  about  two 
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mQes,  a  tliiii  film  of  fine  day  only  subsides,  formmg  a  itiff  unoinow 
Mack  soil  wluch  graduatty  envelops  the  base  of  trees  growing  on  tlie 

borders  of  the  swamps. 

Watte  of  the  banks. — It  has  been  said  of  a  mountain  torrent,  that  *'  it 
lays  down  what  it  will  remove,  and  removes  what  it  has  laid  down 
and  in  like  mannpr  tlif  Missi'^sippi,  by  the  continual  shifting  of  its  course, 
sweeps  away,  during  a  great  portion  of  the  year,  considerable  tracts  of 
alluvium,  which  were  crradually  accumulated  by  the  overflow  of  former 
years,  at  id  tlif  in  adri  nuw  left  during  the  spring-floods  will  be  at  some 
future  time  ri.iij*jvid.  Alter  the  flood  season,  when  the  river  subsides 
within  its  channel,  it  acts  with  destructive  force  upon  the  alluviiil  banks, 
softened  and  diluted  by  the  recent  overflow.  Several  aorea  at  a  time, 
thickly  corered  inth  wood,  are  precipitated  into  tbe  stream ;  and  laige 
portiooa  of  the  ialande  are  fiicqyently  swept  away. 

**  Some  yean  ago/'  obaervee  Captain  IKsll,  *'  when  the  Mismippi  was 
Rgolariy  anireyedp  all  ita  ielaoda  were  numbered,  from  the  conflnenee 
fif  the  Miaaoari  to  the  aea ;  but  every  season  makes  such  revdutions* 
■ot  only  in  the  nnmber,  but  In  the  magnitude  and  situation  of  these 
islands,  that  this  enumeration  is  now  almost  obsolete.  Sometimes  large 
islands  are  entirely  mdted  awsf ;  at  other  places  they  have  attached 
themselves  to  the  main  shore,  or,  which  is  the  more  correct  statement, 
tbe  interval  has  been  filled  np  by  myriads  of  logs  cemented  together  by 
mud  and  nihhi'^h  "* 

Bafts. — One  of  the  most  interc'-ttnrr  feafuti  s  in  the  great  rivers  of  this 
part  of  America  is  the  frequent  accumulation  of  what  are  termed  "  rafts/* 
or  masses  of  floating  trees,  which  have  been  arrested  in  their  progrei=is 
by  sm^,  islands,  shoals,  or  other  obstructions,  and  made  to  accumulate, 
60  as  to  form  natural  bridges,  reaching  entirely  across  the  stream.  One 
of  the  krgest  of  theae  was  called  the  rsft  of  the  AtehafiMaya,  an  arm  of 
the  MiBBisnppi,  which  was  eertainly  at  some  former  time  the  channel  ol 
the  Bed  Bhrer/when  the  latter  found  ita  way  to  the  Gulf  of  Menoo  by 
a  a^MURate  eoune.  The  Atehafokja  bemg  m  a  duvet  line  wilh  the 
general  diteotbn  of  the  Ifieaiealppi,  catches  a  laige  portion  of  the  timber 
aaniiaUy  broi^ht  down  from  the  nofth ;  and  the  diift-trees  collected  m 
about  tlurty^eight  years  previons  to  1816  formed  a  continuous  raft,  no 
It  ss  than  tmi  miles  in  length,  220  yards  wide,  and  eight  feet  deep.  The 
whole  rose  and  fell  with  the  water,  yet  was  covered  with  green  budiea 
and  tree and  its  surface  enlivened  in  the  autumn  by  a  variety  of  beau- 
tiful flowers.  It  went  on  increasing  till  about  1836,  when  some  of  the 
trees  upon  it  had  grown  to  the  height  of  about  sixty  f«"t'f.  Steps  were 
then  taken  by  the  State  of  Louisiana  to  clear  away  the  wliole  nift,  and 
open  the  navigation,  which  was  effected,  not  without  great  labor,  in  the 
Bpa<'e  of  four  years. 

The  ralLa  on  Red  River  are  equally  remarkable :  in  bc  mp  parts  of  its 
OOiUBe,  cedar- tre^  are  heaped  up  by  themselves,  and  in  otiicr  places* 

•  TxaTeli  h  Forth  Am«rio%  vol  iO.  p,  ML 
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pines.  Ofi  the  nse  of  the  waters  in  sommer  hondieds  of  these  are  seen* 
some  with  their  green  leavee  still  upon  them^  jvst  ae  tbej  have  fiilten 
from  a  ne  ^hboring  bank,  others  leafless,  broken  and  worn  fn  their  pas- 
sage from  a  for  d^tant  tributaty :  wherever  they  aoonmuhte  on  the 
edge  of  a  sand-bar  they  arrest  the  oonenti  and  soon  become  covered 
with  sediment.  On  (his  mod  the  young  willows  and  the  poplars  called 
cotton-wood  spring  up,  their  boughs  still  farther  retarding  the  stream, 
and  as  the  inundation  rises,  ncceleratinr,'  the  deposition  of  new  soil.  The 
bank  continuinLf  to  enlarge,  the  chnnrip]  ?if  IfTvj^th  b'^romes  no  narrow 
that  a  single  loiu^  t;ri-  may  reach  from  siili  in  -  id.-,  and  the  remaining 
space  16  then  soon  choked  up  l)y  a  quantity  of  other  timber. 

**  Unfortunately  for  the  navigation  of  the  Mississippi,'*  observes  Cap- 
tain iiaU,  some  of  the  largest  trunks,  after  being  cast  down  from  the 
position  on  which  they  grew,  get  their  roots  entangled  with  the  bottom 
of  the  river,  where  they  remain  anehorad,  aa  it  were,  hi  the  mnd.  The 

.  force  of  the  eorrent  naturally  gtvea  their  tope  a  tendency  downwarda, 
and,  by  its  flowing  past»  soon  strips  them  of  their  leaves  and  branohes. 
Th^  fiitnres,  called  snags,  or  planters,  are  extfemely  dangerooa  to  the 
steam-vessels  proceeding  up  the  stream,  in  which  Ihey  lie  like  a  lance 

.  in  r^t,  concealed  beneath  the  water,  with  their  sharp  ends  pointed 
directly  against  the  bows  of  tlie  vessels  coming  up.  For  the  most  part 
these  formidable  snags  remain  so  sUll  that  they  can  be  detected  only  by 
a  slight  ripple  above  them,  not  perceptible  to  inexperieneed  eyes.  Some- 
times, however,  they  vibrate  up  and  down,  alternately  showing  their 
beads  above  the  surface  and  bathing  them  beneath  it."*  So  imminent, 
until  lately,  was  the  danger  caused  by  these  obstruciiuiis,  that  almost 
all  the  boats  on  the  Mississippi  were  constructed  on  a  piu-ticular  plan, 
to  guard  against  fatal  accidents ;  but  in  the  last  ten  -years,  by  the  aid 
of  the  power  of  steam  and  the  machinery  of  a  snag-boat,  as  it  is  ciilled, 
the  greater  number  of  these  trunks  of  trees  have  been  drawn  out  of  the 
tnud.f 

The  prodigious  quantity  of  wood' annually  drifted  down  by  the 
sisrippi  and  its  tributaries,  is  a  subjeot  of  geological  mtersat,  not  asesrely 
as  illustrating  the  manner  in  which  abundance  of  vegetable  matter  be- 
oomes»  in  the  ordmary  course  of  nature,  imbedded  in  submarine  and  ca- 
tuary  deposits,  but  as  attesting  the  constant  destruction  of  soil  and 
transportation  of  matter  to  lower  levels  by  the  tendency  of  rivers  to 
shift  their  courses.  Each  of  these  trees  must  have  required  many  years, 
some  of  them  centuries,  to  attain  their  full  size ;  the  soil,  therefore, 
whereon  they  grew,  after  remaining  undisturbed  for  long  periods*  is 
ultimately  torn  up  and  swept  away, 

•  Travels  in  North  America,  vol.  iii,  p.  S62. 

f  "  Hie  boats  are  fitted,"  says  Captain  Hall, "  with  what  is  called  a  enag-cham* 

bcr; — a  pnrtifi'  ti  foriiu-d  of  stout  plaiiksi.  -wLicli  is  culkcil,  and  made  bo  effectuallv 
water-tight  that  the  foremost  end  (»f  the  ves'^vl  L*  cut  otf  n»  entirely  from  the  ri»t 
of  the  bold  wif  it  belonged  to  anotln-r  boat.  If  the  eteam-vesecf  happen  to  ma 
against  n,  ^nnc,  and  that  ii  hole  ia  ma«io  iu  her  bow,  under  the  surface,  this  ehm* 
ber  merely'  tilLi  with  water." — Travels  in  2iorth  America,  voL  ui.  p.  86S. 
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It  it  also  found  in  excavating  at  New  Orkane,  eren  at  tha  depth  of 
sevml  yards  below  the  level  of  the  sea,  that  the  aoil  of  the  delta  con- 

lains  innumerable  trunks  of  treee,  layer  above  layer,  some  prostrate,  ai 
if  drifted,  others  broken  off  near  the  bottom,  but  remaining  still  orrct, 
and  with  their  roots  spreading  on  all  sides,  ns  if  in  their  natural  position. 
In  such  situations  they  appeared  to  me  to  indicite  n  sinking  of  the 
ground,  as  the  treo«;  must  formerly  have  grown  in  marshes  above  the 
sea-level.  In  the-  li'i^ln  r  parts  of  the  alhivial  plain,  for  many  hundred 
miles  above  tiie  head  ot  l\w  di -If a,  similar  stools  and  n>>ls  of  trees  are 
also  seen  buried  in  stiff  clay  at  tiitlci  ent  levels,  one  above  the  other,  and 
ciposed  to  view  in  the  banks  at  low  water.  They  point  clearly  to  the 
successive  growth  of  forebtti  iu  the  extensive  swamps  of  the  plain,  where 
the  ground  waa  slowly  raised,  year  after  year,  by  the  mud  thrown  down 
duig  invndatioofl.  Tbese  roots  and  sloob/belong  chiefly  ^  the  deeida* 
m  cypress  {Ttrntdivm  disUehttm),  and  otlier  swamp-trees,  and  tbey 
bear  iestimoDy  to  tbe  coostsnt  shifting  of  the  course  of  the  great  river, 
f kifih  is  always  eicavating  land  origintdly  fonned  at  some  distance  from 
ill  bsnks. 

Formation  of  lakes  in  ZoKwtoiia.— Another  striking  featore  in  the 

basin  of  the  Mississippi,  illustrative  of  the  changes  now  in  progre^,  is 
the  formation  by  natural  causes  of  great  lakes,  and  the  drainage  of  others. 
Th^e  are  especially  frequent  in  the  basin  of  the  Red  River  in  Louisiana, 
where  the  largest  them,  called  liistinoan,  i-^;  mrtrf  than  thirty  milrn 
l<w<r,  and  has  a  m«  imni  depth  of  from  ' ii  to  ttrenft/  feet.  In  the 
(i'-t-pest  parts  are  seen  numerous  cypress-trees,  of  all  sizes,  now  dead, 
and  most  of  them  with  their  tops  broken  by  the  wind,  yet  standing 
erect  under  water.  This  tree  resists  the  action  of  air  antl  water  longer 
than  any  other,  and,  if  not  submerged  throughout  the  whole  year,  will 
Ktsin  life  for  an  extraordinary  period.  Lake  Bistineau,  as  well  as  Black 
lake,  Cado  Lake,  Spanish  Lake,  Natehitochea  Lake»  and  many  others, 
htve  been  formed,  according  to  Darby,  by  the  gradual  elevation  of  the 
bed  df  Bed  River,  in  which  the  alluvial  accumulations  have  been  so  great 
as  to  ruse  its  channel,  and  cause  its  waters,  during  the  flood  season,  to 
fkm  up  the  mouths  of  many  tributaries,  and  to  convert  parts  of  their 
eounes  into  lakes.  In  the  autumn,  when  the  level  of  Ked  Biver  is  again 
depressed,  the  waters  rush  back,  and  some  lakes  become  grassy  meadows, 
wiih  strfMms  meandering  througli  them.*  Thus,  there  is  a  periodical 
fluT  and  reiiux  between  Red  River  and  some  of  these  basins,  which  are 
merely  reservoirs,  alternately  emptied  and  tilled,  like  our  tide  estuaries — 
with  lliis  difference,  that  in  the  one  case  the  land  is  submerged  for  seve- 
ral months  continuously,  and  in  the  other  twice  in  every  twenty-four 
hours.  It  has  happened,  in  several  cases,  that  a  raft  of  timber  or  a  bar 
biS  been  thrown  by  Red  River  across  some  of  the  openings  of  these 
ebaanels,  snd  then  tiie  hkes  become,  like  Bistfaiean,  constant  repositories 
ef  water.  Butt  even  in  these  cases^  their  level  is  liable  to  annual  ele- 
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ration  and  d^fmBsion,  because  the  flood  of  the  main  river,  when  at  itt 
heiglit,  passes  over  the  bar ;  just  as,  where  sand-hills  close  the  entrance 
of  an  estuary  on  the  IVovfolk  or  Suffolk  coa«f,  tho  durinrr  some  hi^jh 
tu1(>  or  storm,  has  often  breached  the  barrier  and  inundated  again  the 

into  nor. 

I  am  informed  by  Mr.  Feather^tdnli  niL^h  that  the  plains  of  the  Red 
River  and  the  Arkansas  are  so  I  'w  and  flat,  that  whenever  the  Missis- 
sippi rises  thirty  feet  above  its  orciinary  level,  those  great  ii  ibutarics  are 
made  to  flow  back,  and  inundate  a  region  of  vast  extent.  Both  the 
itraanB  alluded  to  contain  red  aediment»  derived  from  the  deeomporitum 
of  red  porphyry ;  and  aince  18S8,  when  there  waa  a  great  inundatioo  tn 
the  AtkanaM,  an  inijnenae  awamp  haa  been  foimed  near  the  MammeUe 
mountain,  eompriaing  80,000  acres,  with  bere  and  ibere  large  lagoooB» 
wbere  tbe  old  bed  of  ihe  river  waa  aituatod ;  in  wbieb  Innumerable  Ireea, 
for  the  most  part  dead,  are  seen  atanding,  of  cyprea^  ootton-wood,  or 
poplar,  the  triplO'tbomod  ncacia,  and  others,  which  are  of  great  am. 
Their  trunks  appear  as  if  painted  red  for  about  fifteen  feet  from  the 
ground  ;  at  which  lioitfht  a  perfectly  level  line  extends  through  the 
whol«^  forest,  marking  the  rise  of  ihe  waters  during  the  last  flood.* 

Bui  .Host  proha})lv  the  causes  above  assigned  for  the  recent  origin  of 
these  lakes  are  not  the  only  ones.  Subtormnean  movements  have  alter- 
ed, so  lately  as  the  years  181 1-12,  the  relative  levels  of  various  parts  of 
the  basin  of  the  Misiiisbippi,  siluat'ed  800  miles  northeast  of  Lake  Bbti- 
neau.  In  those  years  the  great  valley,  from  the  mouth  of  the  Ohio,  to 
.  that  of  tbe  St  Fianois,  including  a  tnet  800  mtlea  in  length,  and  exceed- 
ing  in  area  tbe  wbole  beam  of  tbe  Thames,  waa  oonvulaed  to  aueb  a  de- 
gree, aa  to  create  new  kUmda  in  tbe  river,  and  lakea  in  (he  alluvial  plain. 
Some  of  theae  were  on  the  left  or  eaat  bank  of  tbe  HissisBippi,  and  were 
twenty  mOea  in  extent ;  aa»  for  example,  tboae  named  Beelfoot  and  Obion 
in  Tennemee,  formed  in  the  channela  or  valleys  of  small  atreama  bearing 
the  same  names.f 

But  the  largest  area  affected  by  tbe  great  convulsion  lies  eight  or  ten 
miles  to  the  westward  of  the  Mississippi,  and  inland  •  from  the  town  of 
Kew  Madrid,  in  Miaaonri.   It  is  called  "  the  sunk  country,"  and  is  said 

•  Featherstonhaugfa.  GcoL  Report,  Waahincrton,  1835,  p.  84. 

f  Trees  submerged  in  an  apright  poeition  hnve  b^un  observed  in  otlit  r  jwirts  cd 
N.  America.  Thus  Captaiti«  Clark  and  Lewis  fminc].  about  the  year  1807,  aforert 
of  pmo'-*  -tandiiif;  erect  under  water  in  the  body  of  the  Colunibin  river,  which  they 
iupposed,  from  the  appearaticc  of  thts  trees,  to  have  been  submerged  only  about 
twenty  yeara.  (Travels,  Ac  vol.  ii.  p  241.)  More  latelv  (1836X  the  Rev.  Mr. 
Parkrr  ^<<.  rved  on  the  saine  river  (Int.  45°  N..  long.  121*  W.)  trees  standing  in 
tht'ir  natural  position  in  spots  where  the  water  was  more  than  tweotj  feet  deea 
The  topt  of  tho  trsM  had  disapix  arod  ;  but  between  high  md  low  water-mark 
the  trunks  were  only  partially  decayed  ;  and  the  rnnt^  were  seen  throTisjh  the 
clear  water,  spiwading  as  tlioy  bad  grown  in  their  native  forest.  (Tour  beyond 
the  Roekj  Uonntaint,  |k  18S.)  Some  havo  inferred  fronn  theae  ffusto  that  a  tnel 
of  land,  more  than  twcntv  miles  in  length,  must  have  Bubsidcd  verticallv  ;  but 
Capt  Fremont,  Dec  1846  (Hep.  of  Ezplor.  Exped.  p.  196),  aatialied  himself  that 
tbe  anbrocrged  forests  have  been  finrined  bj  immeiiM  bmd-alidea  fk^om  the  ibojui 
laiu^  which  here  cloieljr  ihut  in  the  liTsr. 
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to  eitend  akmg  the  course  oC  the  White  Water  aiid  its  tribntBiieB,  for  « 
iktanxk  of  between  serenty  and  eighty  miles  north  and  south,  and  thir^ 
nilei  or  more  eaat  and  west.  Thronghont  this  area»  innumerable  sub- 
merged trees,  some  standing  leafless,  others  prostnte,  are  seen ;  and  so 
great  is  the  extent  of  lake  and  marsh,  that  an  active  trade  in  the  skina 
of  noskrats,  mink,  otters,  and  other  wild  animals,  is  now  earned  on 
there.  In  March,  1846,  I  skirted  the  borders  of  the  "sunk  country" 
nesrest  to  New  Madrid,  passing  along  the  Bayou  St.  John  and  Little 
Prairie,  where  dead  trees  of  various  kinds,  some  erect  in  the  water,  others 
Men,  and  strewed  in  dense  masses  over  tho  bottom,  in  the  shallows,  and 
near  the  shore,  were  conspicuous,  I  aUo  beheld  couiitJess*i  .  nt«:  in  tlie 
adjoiningtlry  alluvial  plains,  caused  by  the  movements  of  the  soil  in  1811— 
12,  and  still  open,  though  the  rains,  frost,  and  river  inundations,  have 
greatly  diminished  their  origintU  depth.  I  observed,  moreover,  numer- 
ous circular  cavities,  called  "  sunk  holes,"  from  ten  to  thirty  yards  wide, 
isd  twenty  feet  or  more  in  depth,  whioh  intermpt  the  geneml  le?d  of 
the  pism.  These  were  formed  by  the  spouting  out  of  large  quantities 
<tf  send  and  mud  during  t^e  earthquakes.* 

That  the  pimiling  changes  of  level  m  the  delta  and  aHuTisl  pbun  of 
tlie  Ifisdsaippi  hsTO  been  caused  by  the  subsidence,  raiher  than  the  up- 
bflaval  of  land,  appears  to  me  established  by  the  fact,  that  there  are  no 
pnrtabefsnccs  of  upraised  alluvial  soil,  projecting  above  the  level  surface 
sf  ibe  great  plain.  It  is  true  that  the  gradual  elevation  of  that  plain, 
by  new  accessions  of  matter,  would  tend  to  efTacc  every  inequality  de- 
rived from  tliis  source,  but  we  might  certainl\'  have  expected  to  find 
more  broken  ground  between  the  opposite  blulis,  bad  local  upthrows  of 
alluvial  stmt  i  1h  en  of  re{)eated  occurrence. 

Anltquittj  of  the  delta. — The  vast  size  of  the  nlluvial  plain  both  above 
and  beluw  the  head  of  the  delta,  or  the  branching  oft'  of  the  uppermost 
arm  of  the  Atcbafalaya,  has  been  already  alluded  to.  Its  superficiid 
dimeasions,  according  to  Mr,  Forsbcy,  exceed  30,000  square  miles, 
sttHy  hslf  of  which  belong  to  the  true  delta.  The  deposits  cousisi; 
partly  of  sand  originally  formed  upon  or  near  the  bonks  of  Uie  river,  and 
ils  tributaries,  partly  of  gravel,  swept  down  the  mun  channel,  of  whicB 
the  position  has  continually  shifted,  and  partly  of  fine  mud  slowly  ac- 
comolated  in  the  swamps*  The  farther  we  descend  the  river  towards 
its  mouth,  the  finer  becomes  the  texture  of  the  sediment.  The  whole 
■Uavial  formation,  from  the  base  of  the  delta  upwards,  slopes  with  a 
very  gentle  inclination,  rising  about  thi  ec  inches  in  A  mile  from  the  level 
of  the  sea  at  the  Balixe,  to  the  height  of  about  200  feet  in  a  distance  of 
about  800  miles. 

That  a  large  portion  of  this  fluviatile  deposit,  t  (lu  r  with  the  fluvio- 
raarine  strata  now  in  progress  near  the  Balize,  consists  of  mud  ■iml  sand 
with  much  v^etable  matter  intermixed,  may  be  inferred  from  what  has 

*  For  an  acoonnt  of  the  **  sunk  country,"  shaken  bj  the  ewrthqnake  of  1811-1^ 
iMLjdra  SMoodVidt  to  the  U&itwi  Stalei^  cfa.  98. 
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been  aaid  of  the  aboDdaaoe  of  drift  trees  Honied  down  ererj  snmnier. 
These  are  seen  matted  together  into  a  net*work  anmnd  the  estentve 
mud  banks  at  the  extreme  months  of  the  fiver*  Sveiy  one  ae^uamled 
with  the  geography  of  Lonisiana  is  aware  thai  the  moat  sonthem  patt 

of  the  delta  funns  a  long  narrow  tongue  of  land  protmdiOg  for  50  miles 
into  the  Golf  of  Mexico,  at  the  end  of  which  are  numerous  channels  of 
discharge.    This  singular  promontory  connsia  simply  of  the  river  and 

its  two  low,  flat  banks,  covered  with  reeds,  younsf  willow*!,  and  poplars. 
Its  appoaranrt^  answers  precisely  to  t]rtt  of  {ho  hanks  fnr  in  the  intc-rior, 
when  nothing  appears  above  water  duimj;  jnundatioas  but  ih<  bi_'ht  r 
part  of  the  slopinc;  glacis  or  bank.  In  ihc  one  case  we  have  the  swartij  > 
or  an  expan.se  of  freshwater  with  the  tops  of  trees  appearing  above,  in 
the  other  the  bluish  green  surface  of  the  Gulf  of  Mexico.  An  opinion  has 
very  commonly  prevailed  that  this  narrow  promontory,  the  newest  prod- 
uct of  the  river,  has  gained  very  rapidly  upon  the  sea,  since  the  foanda- 
tion  of  New  Orleans ;  bnt  after  visiting  the  Balize  in  1846,  in  eompany 
with  Dr.  Carpenter,«and  maldng  many  inquiries  of  the  pUots*  and  oonn 
paring  the  present  outline  of  the  eoasi  with  the  eioellent  Spanish  ehsrt» 
published  bjr  Charlevoix  180  years  before,  we  came  to  *  different  oonehi- 
sion.  The  rate  of  permanent  advance  of  the  new  land  has  been  very 
slow,  not  exceeding  perhaps  one  mile  in  a  oentniy.  The  gain  may  have 
been  somewhat  more  rapid  in  former  yean,  when  the  new  strip  of  soil 
projected  less  far  into  the  gulf,  since  it  is  now  mneb  more  eiposed  to 
the  action  of  a  strong  marine  current.  The  lidos  also,  when  the  waters 
of  the  river  are  low,  ent*T  into  each  opening,  and  scour  them  out.  de- 
stroying the  banks  of  mud  and  the  sand-bars  newly  formed  during  the 
flood  season. 

An  observation  of  Darby,  in  regard  to  the  strata  composing  part  of 
this  delU,  deserves  attention.  In  the  steep  banks  of  the  Atchafalaya, 
before  alluded  to,  the  following  section,  he  says,  is  observable  at  low 
water  :~-fitst  an  upper  stratum,  oonsisting  invariably  of  bluish  elay, 
common  to  the  banks  of  the  Missistippi;  below  this  a  stratum  of  red 
ochreous  earth,  peculiar  to  Red  River,  under  wbioh  the  blue  clay  of  the 
Mississippi  again  appears ;  and  this  arrangement  is  eonstant,  proving,  as 
that  geographer  remaiis,  that  tbe  waten  of  the  Mississippi  and  the  Red 
River  occupied  alternatdy,  at  some  former  periods,  considerable  tracts 
below  their  present  point  of  union.*  Such  alternataona  are  probably 
common  in  submarine  spaoes  situated  between  two  converging  deltas ; 
for,  before  the  two  rivers  unite,  there  must  almost  always  be  a  certain 
period  when  an  intermediate  tract  will  by  turns  be  occupied  and  aban- 
doned by  the  waters  of  each  stream;  since  it  can  rarely  happen  that 
the  season  of  higliest  flood  will  precisely  correspond  in  each.  In  tht- 
case  of  the  Red  Kiver  and  Mississij  pi,  \vhich  carrv  off  the  waters  from 
countries  placed  under  wiji  ly  lii^uuiL  laiiLudes,  an  exact  coincideiK;e  in 
the  time  of  greatest  inundation  is  very  improbable. 

*  Darby's  Loniiiana,  p.  109 
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The  antiquity  of  the  delta,  or  length  of  tiho  period  which  hm  been 
occapied  m  the  depoeitum  of  so  vast  a  mass  of  aHuvial  matter,  ia  a 
qoMtioa  which  nuty  well  esdte  the  euriodty  of  every  geologist.  Buf- 
iidait  data  have  not  yet  been  obtained  to  afibrd  a  fall  and  mtislBetory 
■oswer  to  the  inquiry,  but  some  approiimataon  may  already  be  made  to 
the  mi&Imum  of  time  required. 

When  I  visited  New  Orleana,  in  Febmaryt  1846,  I  found  that  Dr. 
RiddeU  had  made  numerous  experimeDts  to  ascertaia  the  proportion  of 
beiiiment  contained  in  the  waters  of  the  Mississippi ;  and  he  concluded 
that  the  mmn  annual  amount  of  solid  matter  was  to  the  water  as  ^ 
in  weight,  or  about  ^rt\;f7  in  volume.*  From  the  observations  of  the 
Mrae  1,'fnilemnn,  simi  taoiie  of  Dr.  Carpenter  and  Mr.  Forshey,  an  emi- 
oeat  eugiiieer,  to  whum  I  have  before  aUuded,  Uie  average  width,  depth, 
and  velocity  of  the  Mississippi,  and  tlience  the  mean  annual  discharge 
d  water  were  deduced.  1  asi>umed  528  feet,  or  the  tenth  of  a  mile, 
•s  the  probable  thickness  of  the  deposit  of  mud  and  aand  in  the  delta : 
fooadiog  my  conjecture  chiefly  on  the  depth  of  the  Oulf  of  .Mexico, 
between  the  eonthem  point  of  Fbrida  and  the  Balise,  which  equals  on 
laaTevage  100  fotbeiiis,  and  partly  on  some  borings  000  feet  deep  in 
tlie  delta»  mar  Lake  Pontchartrtiin»  nmih  of  Kew  Orleans,  in  which  the 
bottom  of  the  alluvial  matter  ia  said  not  to  haTe  been  reached.  The 
area  of  the  delta  being  about  13,600  square  statute  miles,  and  the  quan> 
tity  of  solid  matter  annually  brought  down  by  the  river  3,702,758,400 
cubic  feet,  it  must  have  taken  67,000  years  for  the  formation  of 
the  whole;  and  if  the  alluvial  mutter  of  the  plain  above  be  2C4  feet 
^H'p,  or  half  that  of  the  delta, f  it  must  have  rrcjuin-d  33,500  more 
years  for  its  accumulation,  even  if  its  area  be  estimated  as  only  equal 
to  that  of  the  delta,  whereas  it  is  in  fact  larger.  If  some  deduction  be 
made  from  the  time  here  stated,  in  consequence  of  the  effect  of  the 
drifl-wood,  which  must  have  aided  in  filling  up  mure  rapidly  the  space 
ibore  sllnded  to,  a  far  more  important  allowance  must  be  inade  on  the 
ether  hand,  for  the  loss  of  matter,  owmg  to  the  finer  partides  of  mud 

•  The  calculations  here  given  were  communicated  to  the  British  AssociAtion,  . 
fas1«cture  which  I  delivered  at  Southampton  in  September,  1848.   (See  Athe- 
tijuni  .Tuiimal,  Sept.  96^  1846,  and  Report  of  British  Assucintion,  1B46,  p.  117.) 
Dr.  Iiid<l<-ll  hftj*  since  rfpentet]  his  experimenUi  on  the  c^unntitv  of  sedioieiit  in 
river  at  New  Orleans  without  anv  ninterial  variation  in  the  results. 

Mr.  Forshev,  in  a  memoir  on  the  Physics  of  the  Mtssitisippi,  pub]is)ii-<l  in  1850, 
«^opt«  Dr.  RiildellV  e^timnto  f«»r  the  quantity  of  mud,  but  takes  417,199  cnbic 
fM  p«r  seftwd  as  the  avt,r:iLC<'  ilisehar^e  of  wntAr  for  the  year  at  Carrolton,  lyne 
milrt  abov«  N«w  Ofle*n^  a  rt'*ult  dcidtteed  from  tliirty  years  of  observationa. 
This  beinj  one-tenth  more  than  I  h.i<l  n^^nmc*),  wouM  iii!<l  a  ttntli  to  tlit-  f  <  (lirnent, 
»o<l  would  (limixutfh  bv  onc-elevenih  the  number  of  years  required  to  accomplish 
the  tAsk  above  slloded  to.  "  The  «ubie  contents  of  sedimentory  matter,"  aaje 
FoKber.  "UFA  equal  to  4,083.833,388^  snd  this  aedimeot  would  annitallj  eorer 
twelre  uules  square  one  foot  deep." 

f  The  MiMi$<otppi  b  continually  shifting  ita  coune  In  the  great  alluvi  d  plaioi 
«fttin^  frt.(jii.  ntlv  to  the  depth  of  lOO,  and  rvi  n  'nu  dmcs  to  th.'  (Ii'jit)i  of  250 
ftcu  As  the  old  cbaooeb  b«»oome  aftervnrdft  tilled  up,  or  in  a  great  degree 
obliterated,  thb  exeeYatioii  alone  mnei  have  given  a  eotwiderable  depth  to  the 
|jii-in.  whicli  rr,  ,  ivcH  the  alliivi  il  1-  pr.iit,  rmd  subsiflenot"^  like  ihn^o  accompany- 
iug  the  earthquftke  of  New  Madrid  m  181 1-13  may  have  given  still  more  deptli 
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not  Mtftling  ai  the  months  of  the  river,  bat  beuig  swept  out  iir  to  bcs 
during  the  predominant  sotioii  of  the  tides,  and  the  wavee  in  the  wnte 

months,  when  tiie  current  of  fresh  water  is  feeble.  Yet  however  raat 
the  time  during  which  the  ^fissbappi  has  been  transporliag  its  earlhj 
burden  to  the  oceiui,  the  whole  period,  though  far  exceeding,  perhaps, 
100,000  years,  must  be  insignificant  in  a  geological  point  of  view,  sinef 
the  bluffs  or  cliffs,  bounding  the  gnvit  valley,  and  tberffoie  older  to 
date,  and  which  are  from  oO  to  2oO  feet  in  perpendicular  hpii:fbt.  con- 
sist in  great  part  of  loam  containing  land,  fluviatile,  and  lacustrme  sheUc 
of  species  still  inhabiting  the  same  country.    (See  tig,  23,  p.  265.) 

Before  we  take  leave  of  the  great  delta,  we  may  derive  an  instruct- 
ive lesson  from  the  reflection  that  the  new  deposits  already  formed,  or 
now  accumulating,  whether  marine  or  freshwater,  must  greatly  mem* 
ble  in  composition*  and  the  general  character  of  their  organio  renainik 
many  ancient  strata,  which  enter  largely  into  the  earth's  struetoie. 
Yet  there  is  no  sodden  revolution  in  progress,  whether  on  the  land  or 
m  the  waters,  whether  in  the  animate  or  the  inanimate  world.  KoC^ 
withstanding  the  excesrive  destmction  of  soO  and  uprooting  of  trao^ 
the  region  which  yields  a  never-failing  aupply  of  diift-wood  is  dcnssly 
clothed  with  noble  forests,  and  is  almost  unrivalled  in  its  power  of  svp- 
porting  animal  and  vegetable  life.  In  spite  of  the  undermining  of  many 
a  lofty  bluflf,  and  the  encroachments  of  the  delta  on  the  sea  in  spite 
of  the  earthquake,  which  rends  and  fissures  the  soil,  or  causes  areas 
more  than  sixty  miles  in  length  to  sink  down  several  yards  in  a  few 
months,  the  general  features  of  the  district  n  main  unaltered,  or  are 
merelv  iindertroini;  a  slow  and  insensible  chanirc.  Herds  of  wild  deer 
graze  on  the  pastures,  or  browse  ujion  the  trtM-s  ;  and  if  they  dimini^li 
in  number,  it  Is  only  where  they  give  way  to  man  and  the  domestic 
animals  wliich  follow  in  his  train.  The  bear,  the  wolf,  the  fox,  the 
panther,  and  the  wild-cat,  still  maintain  themselves  iu  the  fastnesses  of 
the  forests  of  cypress  and  gum-tree.  The  racoon  and  the  opossum 
are  everywhere  abundant,  while  the  musk-rat,  otter,  and  mink  slfll 
frequent  the  nvers  and  kkes,  and  a  few  beavers  and  buffiiloes  have  not 
yet  been  driven  from  their  ancient  haunts.  The  waters  teem  with  ali- 
gators,  tortoises,  and  fish,  and  their  surface  is  covered  with  millions  of 
migratory  waterfowl,  which  perform  thdr  annual  voyage  between  the 
Canadian  lakes  and  the  shores  of  the  Mexican  Gulf.  The  power  of 
man  begins  to  be  sensibly  felt,  and  many  parts  of  the  wilderness  to  be 
replaced  by  towmt,  orchards,  and  gardens.  The  gilded  steamboats,  like 
moving  palaces,  stem  the  force  of  the  current,  or  shoot  rapidly  down 
the  descending  stream,  through  the  soUtudes  of  the  forests  and  prai- 
riee.    Already  does  the  flourishing  population  of  the  great  f  \r 

exceed  lliat  of  the  thirteen  United  States  when  tirst  they  declared  liit'ir 
independence.  Such  is  tlie  stJite  of  a  coiiLiuent  where  trees  and  stones 
are  hurried  annually  by  a  thousand  torrents,  from  the  mounUiins  to  the 
plciins,  and  where  siind  and  tincr  matter  are  swept  down  by  a  vast  cur- 
rent to  the  sea,  together  with  the  wreck  uf  countless  forests  and  the 
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bones  of  animals  which  perish  in  the  inundations.  When  these  mate> 
rials  reach  the  galf,  they  do  not  render  the  waters  unfit  for  aquatic  ani 
mals ;  but  on  the  contrary,  the  ocean  here  swarms  with  life,  as  it  gen- 
erally does  where  the  influx  of  a  great  river  furnishes  a  copious  supply 
of  organic  and  mineral  matter.  Yet  many  geologists,  when  they  behold 
the  spoils  of  the  land  heaped  in  successive  strata,  and  blended  confus- 
edly with  the  remains  of  fishes,  or  interepersed  with  broken  shells  and 
corals ;  when  they  see  portions  of  erect  trunks  of  trees  with  their  roots 
(till  retaining  their  natural  position,  and  one  Uer  of  these  preserved 
ifl  a  fossil  state  above  another,  imagine  that  they  are  viewing  the  signs 
of  a  turbulent  instead  of  a  tranquil  and  settled  state  of  the  planeL 
Tbef  read  in  such  phenomena  the  proof  of  chaotic  disorder  and  reiter- 
ated catastrophes,  instead  of  indications  of  a  surface  as  habitable  as  the 
most  delicious  and  fertile  districts  now  tenanted  by  man. 


DELTA  OF  THE  GANGES  AND  BRAHMAPOOTRA. 

As  an  example  of  a  still  larger  delta  advancing  upon  the  sea  in  •ppo- 
fition  to  more  powerful  tides,  I  shall  next  describe  that  of  the  Ganges 
and  Brahmapootra  (or  Burrampooter).  These,  the  two  principal  rivers 
of  India,  descend  from  the  highest  mountains  in  the  world,  and  partial- 
ly mingle  their  waters  in  the  low  plains  of  Hindostan,  before  reaching 
the  head  of  the  Bay  of  Bengal,  The  Brahmapootra,  somewhat  the 
larger  of  the  two,  formerly  passed  to  the  east  of  Dacca,  even  so  lately 
as  the  beginning  of  the  present  century,  pouring  most  of  its  waters  into 
ooe  of  the  numerous  channels  in  the  delta  called  "the  Megna."  By 

Fig.  25. 
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that  name  the  main  stream  wai»  always  spoken  of  by  ReiiucU  and  othen 
ia  their  memou^  on  this  region.  But  the  main  trunk  now  unilt^  with 
an  arm  of  the  Ganges  considerably  higher  up,  at  a  point  about  100 
miles  distant  from  the  sea;  and  it  is  constantly,  according  to  Dr.  Hook- 
er, working  its  way  westward,  huviag  formerly,  as  may  be  seen  by 
ancient  maps,  moved  eastward  for  a  long  period. 

The  area  of  the  delta  of  the  combined  rivers,  for  it  is  impossible  wnr 
to  distinguish  what  belongs  to  each,  u  coosiderably  more  than  doaUo 
that  of  the  NOe,  even  if  we  exclude  from  the  delta  a  large  extent  of 
low,  flad  alluvial  plam,  doubtless  of  flttviatile  origin,  which  stretehei 
more  than  100  miles  to  the  hills  west  of  Calcutta  (see  map,  fig.  25), 
and  much  farther  in  a  northerl/  directioo  beyond  the  head  of*  the  grsst 
delta.  The  head  of  a  delta  b  that  point  where  the  first  arm  is  given  off. 
Above  that  point  a  river  reeeiYies  the  waten  of  tributaries  flowing  from 
higher  levels ;  below  it,  on  the  cootrarj,  it  gives  out  portions  ef  iti 
waters  to  lower  levels,  through  ehanneb  which  flow  into  adjoioiiig 
awamps,  or  which  run  directly  to  the  sea.    The  Bfississippi,  as  before 
described,  has  a  single  head,  which  originated  at  an  .unknown  period 
when  the  Red  Biver  joined  it.    In  the  great  delta  of  Bengal  there  may 
be  said  to  be  two  heads  nearly  equidistant  from  the  sea,  that  of  the 
Ganges  (o,  map,  fig.  25),  about  30  miles  below  Rajmahal,  or  216  stat- 
ute miles  in  a  direct  line  from  the  sea,  and  that  of  the  Brahmapootra 
(b),  below  Chirapoonjee,  where  the  nver  issues  from  the  Kbasia  moun- 
tains, a  distance  of  224  miles  frt)m  the  Bay  of  Bengal. 

It  will  appear,  by  reference  to  the  map.  that  the  great  body  of  fresh 
water  derived  from  the  two  rivers  enters  the  bay  on  its  e:istern  side; 
and  that  a  large  part  of  the  delta  bordering  on  the  sea  is  comp<»ed  oi 
a  labyrinth  of  rivers  and  creeks,  all  tilled  with  salt  water,  except  those 
immediately  communicating  with  the  Hoogly,  or  principal  arm  of  the 
Ganges.  This  tract  alone,  kiir)wn  by  the  name  of  the  Woods,  or  Sun- 
derbunds  (more  properly  Soonderbuns),  a  wilderness  infested  by  tic^^rs 
and  crocodiles,  is,  according  to  Rennell,  equal  in  extent  to  the  whole 
principality  of  Wales.* 

On  the  sea-coast  there  are  eight  great  openings,  each  of  which  has 
tWdeptly,  at  some  ancient  period,  served  in  its  turn  as  the  principal 
channel  of  discbarge.  Although  the  flux  and  r^uz  of  the  tide  extend 
even  to  the  heads  of  the  delta  when  the  riven  are  low,  yet,  when  they 
are  periodically  swollen  by  tropical  rains,  their  volume  and  relooitf 
counteract  the  tidal  current,  so  that,  except  very  near  the  sea,  the  ebb 
and  flow  become  insensible.  During  the  flood  season,  therefore,  the 
Ganges  and  Brahmapootra  almost  aasume  in  their  delta,  the  character  of 
rivers  entering  an  inland  sea  i  the  movements  of  the  ocean  being  then 
subordinate  to  the  force  of  the  rivers,  and  only  slightly  disturbmg  their 
operations.  The  great  gain  of  the  delta  in  height  and  area  takes  pkue 
during  the  inundations ;  and,  during  other  seasons  of  the  year,  the 

*  AccouQt  of  the  Gam;M  and  Borrampooter  rirerci,  by  Maior  li«QD«lL  I'htl 
—  1781. 
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MMB  inakeB  reprisals,  soouriag  out  the  channehi  and  lomettmei  de- 
voniiDg  rbli  alluTial  plains. 

/iIcmA  formed  mi  <i«ttroyed, — ^Major  R.  H.  .Cokbrookd,  in  his 
leeoont  of  tha  coune  of  ih»  Ganges,  relates  examples  of  the  tapid 
fiUhig  up  of  some  of  its  branches,  and  the  exoavatkm  of  new  channels, 
iriiere  the  numb  r  of  square  miles  of  soil  removed  in  a  short  time  (the 
eokuBBof  earth  beinnr  114  feot  high)  was  truly  astonishing.  Forty 
tqosre  miles,  or  25,000  acres,  are  mentioned  as  having  been  carried 
away,  in  one  place,  in  ilie  course  of  a  few  years.*  The  immense  trans- 
portiuion  of  eartliy  niatu-r  by  the  Ganges  and  Brahmapootra  is  proved 
bv  the  rrreat  nmfrnitudo  of  the  islands  formed  in  their  channels  during 
a  fHMiod  far  short  of  that  of  a  man's  life.  Some  of  (hose,  many  miles 
in  (  Atent,  have  orij^inatt-d  in  large  sand-banks  tl»n»wri  up  round  the 
punts  ill  the  angular  turning  of  the  rivers,  and  afterwards  insulated 
bv  breaches  of  the  streams.  Others,  formed  in  tlie  nain  channei, 
ire  caused  by  some  obstruction  ^at  the  bottom.  A  Ijirge  tree,  or  a 
ttmkea  boat,  is  sometimes  sufficient  to  check  the  current,  and  cause  a 
deposit  of  sand,  which  aocnmulates  till  it  usurps  a  confflderable  portion 
€f the  channel.  The  river  then  underaunes  its  banks  on  each  nde,  to 
topplj  the  deficiency  in  its  bed,  and  the  island  is  afterwards  raised  by 
iieth  deposits  during  every  flood.  In  the  great  gulf  bebw  Lucktponr, 
formed  by  the  united  waters  of  the  Oanges  and  Megna,  some  of  the 
kilands,  says  Rennell,  rival  in  size  and  fertility  the  Isle  of  Wight. 
Wbile  the  river  is  forming  new  islands  in  one  part,  it  is  sweeping  away 
old  ones  in  others.  Those  newly  formed  are  soon  overmn  with  reeds, 
long  ^rass,  the  Tamarix  Indica,  and  other  shrubs,  forming  impeoetra> 
ble  thickets,  where  the  tiger,  the  rhinoceros,  the  buffalo,  deer,  and  other 
wild  animals,  take  shelter.  It  is  e  tsy,  therefore,  to  perceive,  that  both 
aoimal  and  vegetable  remains  may  occasionally  be  precipitated  in'.o  the 
flood,  and  become  imbedded  in  the  sediment  which  subsides  in  the  delta. 

ThrcQ  oV  four  specie;,  ot  crocodile,  of  two  distinct  sub-genem,  abound 
in  ihti  Ganges,  and  its  tributary  and  contin;uous  waters ;  and  Mr.  H.  T, 
Colebroukc  informed  me,  that  he  had  sscen  both  forms  in  places  far 
isUod,  many  himdred  miles  from  the  sea.  The  Gangetic  crocodile,  or 
Otfial  (m  oorract  orthography,  Garial).  is  confined  to  the  fresh  water, 
ISviag  exclunvely  on  fish,  but  the  commoner  kinds,  called  Eoomiah  and 
Mnggsr,  frequent  both  fresh  and  salt,  being  much  larger  and  fiercer  in 
Mdt  sod  brackish  water.f  These  animals  swarm  m  the  braokish  water 
•kog  the  fine  of  sand-banks^  where  the  advance  of  the  delta  is  most 
Qpid.  Hundreds  of  them  are  seen  together  m  the  ereeks  of  the  delta» 

*  Trans,  of  the  Af^iafic  Sooipty,  vol.  vit.  p.  14. 

f  Cuvi«r  referred  the  true  crucodiles  of  the  Ganges  to  a  fiingle  specieft,  C.  bipor- 
MfM^  But  I  learn  from  Dr.  Falconer  that  there  are  three  well-marlrtd  specie^ 
€.  hiporeatuf,  C.  pcdwtria,  and  (\  hombifron*.  C.  bombi/ronit  frtMir-*  in  the 
lurtir  ni  branches  of  the  Ganges.  1000  miles  from  Calcutta;  C.  hiporeatu*  ap- 
pears to  Iw  confined  to  tbe  fiattnnr;  Rnd  O.  palnttrU,  to  mngo  from  the  estuary 
to  the  c«ntral  parts  of  Bonffnl.  Tli-  ^r^rial  is  fiiund  alon?  with  C.  bomiifnmt  m 
Um  aortik,  and  deaceoda  to  (he  regiou  of  C.  biporcatu*  in  the  estUAiy. 
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or  baakni^  in  tlie  sun  on  Ibe  shoak  withont.  Thej  wOl  sttaek  mn 
tnd  cattle,  deBtroybg  the  natives  when  bathing,  and  tame  and  wSA 
aniroak  wbiob  oome  to  drink«  **l  have  not  nnfreqnently/' says  Mr. 
Colebrooke,  been  witness  to  the  horrid  spectacle  of  a  floating  corpse 
aeiaed  by  a  crocodile  with  such  avidity,  that  be  half  emerged  above  the 
water  with  his  prey  in  his  mouth."  The  geologist  will  nol  fail  to  ob> 
8er\*e  hovr  peculiarly  the  habits  and  distribution  of  these  aaarians  expose 
them  to  become  imbedded  in  the  horizontal  strata  of  fine  mad,  whieh 
ftre  annually  deposited  over  many  hundred  square  miles  in  the  Bay  of 
Bengal.  The  inhabitants  of  the  land,  which  happen  to  be  drowned  or 
thrown  into  the  wator,  are  usually  devoured  bv  those  Tomcious  reptilos; 
but  we  mav  suppose  the  remains  of  the  saurians  thom^!>ives  to  be  con- 
tinually entombed  in  the  new  formations.  The  numlMT,  also,  of  bodies 
of  the  poorer  clfiss  of  Hindoos  tlirown  annually  inl  >  the  Gan'_^os  is  sc 
great,  that  some  of  their  bones  or  skeletons  can  hurdlj  fail  to  be  occa- 
sionally enveloped  in  fluviatile  mud. 

It  sometimes  happens,  at  the  season  when  the  periodical  flood  is  at 
its  height,  thai  a  .strongs  gale  of  wind,  conspiring  with  a  high  sprini»- 
tide,  checks  the  descendincr  current  of  the  river,  and  gives  rise  to  m<:>st 
destructive  iimndations.  From  this  cause,  in  17G3,  the  waters  at  Lucid- 
pour  rose  six  feet  above  their  ordinary  level,  and  the  inhabitants  of  a  con- 
siderable district,  with  their  houses  and  cattle,  were  totally  swept  avajr. 

The  population  of  all  occame  deltaa  are  partiouhurlj  exposed  to  snfi^ 
hf  snoh  catastrophes,  reeurring  at  considerable  intervals  of  thne ;  and 
we  may  safely  assome  that  snch  tragical  events  have  happened  sgsia 
and  again  since  the  Oangetic  delta  was  Inhabited  by  man.  If  hanso 
eiperienee  and  forethought  cannot  always  guard  agamsl  these  eabuni- 
ties,  still  len  can  the  inferior  animals  avoid  them ;  and  the  monnmcnts 
of  such  dhastrons  inundations  must  be  looked  for  in  great  abvndanoein 
atrata  of  all  ages^  if  the  autfaee  of  our  planet  has  always  been  governed 
by  the  same  laws.  When  we  reflect  on  the  general  order  and  tranquil- 
hty  that  reigns  in  the  rich  and  populous  delta  of  Bengal,  notwithstand* 
ing  the  havoc  occasionaiiy  committed  by  the  depredations  of  the  oeeaa, 
.  we  perceive  bow  unnecessary  it  is  to  attribute  the  imbedding  of  succes- 
sive races  of  animals  in  older  strata  to  extraordinary  energy  in  the 
causes  of  decay  and  reproduction  in  the  infiuey  of  our  planet,  or  to  those 
general  catastrophes  and  sudden  revolutions  so  often  resorted  to. 

Dcftosifs  in  the  delta. — The  quantity  of  mud  held  iti  suspension  bv 
the  waters  of  the  Ganges  and  Bnihraapootra  is  found,  as  might  be  ex- 
pected, to  exceed  that  of  any  of  the  rive  rs  nlluded  to  in  this  or  the  pre- 
ceding chapters ;  for,  in  the  tirat  place,  their  feeders  flow  from  moun- 
tains of  unrivalled  altitude,  and  do  not  rlear  themselves  in  any  lakess 
as  does  the  Rhine  in  the  Lake  of  Con&tance.  or  the  Rhone  in  tl>nt  of  Ge- 
neva. And,  secondly,  theit  whole  course  is  nearer  the  eqmu  t  tii  in  that 
of  the  Mississippi,  or  any  great  river,  respecting  which  caret ul  experi- 
ments 1j;l\c  been  made,  to  determine  the  quantitv  of  its  wat»»r  and 
eaixiiy  cunteuts.    Tiie  lull  of  rain,  moreover,  us  we  have  before  seen,  it 
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excessive  on  the  southern  flanks  of  the  first  range  of  mountains  which 
rise  from  the  plains  of  Hindostan,  and  still  more  rem.n  kable  is  the  quan* 
lily  someUnies  poured  down  in  one  day.  (See  above,  p.  200.)  The 
KA,  where  the  Ganges  ind  Bimhmapoolira  diiekarge  their  main  stream  at 
flood  waaon,  only  recoven  ita^tnuBBparaoey  at  Hie  dirtanoe  of  from 
ao  to  100  milea  from  the  delta ;  and  w«  may  take  for  granted  that  the 
enrant  oootinnea  to  traaapoii  the  Ibusr  paitielea  much  fitfther  eoatb 
tba  where  the  amr&oe  water  first  beoomeo  elear.  The  general  alope, 
theNfore,  of  the  new  etrata  most  be  extremely  gentle.  Acoording  to 
Ihebert  charts,  thece  is  a  gradual  deepening  from  four  to  about  aixty 
Cithoms,  as  we  proceed  from  the  base  of  the  delta  to  the  distance  of 
about  one  hundred  miles  into  the  Bay  of  Bengal.  At  some  few  points 
tmalj,  or  even  one  hundred,  fathoms  are  obt«uned  at  »hat  distance. 

One  remarkable  exception,  however,  occurs  to  the  regularity  of  the 
sbnpe  of  the  bottom.  Opposite  the  middle  of  the  d&lt^  at  the  distance 
of  tliirtv  or  forty  miles  from  the  coast,  a  deep  submurine  valley  occurs, 
called  the  "swatch  of  no  ground,"  about  tiftet^n  miles  in  diameter, 
where  soundings  of  180,  and  even  300,  fathoms  fail  to  reach  the 
bottom.  (See  map,  p.  275.)  This  phenomenon  is  the  more  extraordi- 
iiiir)-,  since  the  depression  runs  north  to  within  five  miles  of  the  line  of 
shoals;  and  not  only  do  the  waters  charged  with  sediment  pass  over 
itoontuiually,  but,  during  the  monsoons,  the  8ea»  loaded  with  mud  and 
anid»  is  beaten  back  in  that  direction  towards  the  delta.  As  the  mnd 
ii  known  to  extend  for  eighty  milea  farther  into  the  gulf,  an  enormoos 
dDBknos  of  matter  mint  have  been  deposited'  in  "  the  swatch."  We 
i»y  ccnelttde,  therefore,  dther  that  the  original  depth  of  thb  part  of 
die  Bay  of  Bengal  was  eieesslve,  or  that  atibsidenees  have  oeennred  m 
itodem  times.  The  latter  conjecture  is  the  less  improbable,  as  the 
vhole  area  uf  ihe  delta  has  been  convulsed  in  the  historical  era  by 
,  airthquakes,  and  jSCtual  subsidences  have  taken  place  in  the  neighl)oriQg 
coast  of  Chittagong,  while  "  the  swatch"  lies  not  far  from  the  volcanic 
band  which  connects  Sumatra,  Barren  T^^lfind,  and  Ramn-o  * 

Opposite  the  mouth  of  the  Hoogly  nver,  and  immediately  south  of 
8aiicri)r  Tsl;uif!  four  miles  from  the  nearest  land  of  the  delta,  a  new  islet 
was  fumied  about  twenty  veai-s  ago,  calle(i  Edmonstone  Island,  on  the 
cntre  of  which  a  beacon  was  erected  as  a  l  iFi  imark  in  1817.  In  181H 
ihi'  island  had  become  two  miles  long  and  hail  a  uiile  broad,  and  \\m 
covered  with  vegetation  and  shrubs.  Some  houses  were  then  built  upon 
■(^  sad  in  1820  it  was  used  aa  a  pilot  station.  The  severe  gale  of  1828 
Glided  it  into  two  parts,  and  so  reduced  its  size  as  to  leave  the  beacon 
itediag  out  in  the  sea,  where,  after  remaining  seven  yean,  it  was  washed 
•«ay.  The  islet  in  1836  had  been  converted  by  auccessive  storms'  into 
a  nnd-bank,  half  a  mile  long,  on  which  a  sea-mark  was  placed. 

Althoagfa  there  is  evidence  of  gain  at  some  points,  the  general  pro- 
gtcsB  of  the  coast  is  very  slow ;  for  the  tides,  when  the  river  water  it 
HiWi  are  aotively  employed  in  removing  aUnvial  matter.   In  the  Sna- 
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derbunds  iho  usual  rise  and  fall  of  tho  tides  is  no  more  than  v'vrhi  feet 
but,  on  the  east  side  of  the  delta,  Dr.  Hooker  oWrved,  in  the  winter  ol 
1851,  n^e  of  from  bixty  to  eighty  feet,  producing  among  t!»e  islands  at 
the  mouliis  of  the  Megna  and  Fenny  rivera,  a  lofty  wave  or  "  h<>re''  as 
they  ascend,  and  causiii<;  llie  riv(;r  water  to  be  ponded  Irnck,  and  then 
to  sweep  down  with  great  violence  when  the  tide  ebbs.  The  bay  fo? 
forty  miles  south  of  Chittagung  is  so  fresh  that  neither  algoe  nor  man- 
groves will  grow  ia  it.  We  may,  therefore,  ooneoire  how  dffecliTe  nifty 
be  the  current  formed  hj  so  great  a  volume  of  water  in  dispening  fins 
mud  over  a  wide  arua.  Its  power  is  sometimes  augmented  by  the 
agitation  of  the  bay  during  hnnricanes  in  the  month  of  May.  The  new 
superficial  strata  consists  entirely  of  fine  sand  and  mud ;  such,  at  least, 
«re  the  only  materials  which  are  exposed  to  view  in  regular  beds  on  the 
hanks  of  the  numerous  credcs.  Neither  here  or  higher  up  the  Ganges, 
could  Dr.  Hooker  discover  any  land  or  freshwater  shells  n  seetioosof 
the  banks,  which  in  the  plains  higher  up  sometimes  form  cliffs  eighty 
feet  in  hei«;ht  at  low  water.  In  like  manner  I  have  stated*  that  I  was 
*  unable  to  tind  any  buried  shells  in  the  delta  or  modem  river  clt&  U 
the  Mississippi. 

No  substance  so  coarse  as  gravel  occurs  in  any  part  of  the  delta  of 
the  Ganges  and  Brahmapootra,  nor  nearer  the  sea  than  4UU  miles.  Vet 
it  is  remarkable  that  the  boriiii,'  of  an  Artesian  well  at  Fort  W'illiaai, 
near  Calcutta,  in  the  years  l^>;Jo-1810,  displayed,  at  the  depth  of  120 
feet,  clay  and  sand  with  pebbles.  This  boring  was  carried  to  a  depth 
of  481  feet  below  the  level  of  Calcutt^i,  and  the  geolo^cal  section  ob- 
tabed  in  the  operation  has  been  recorded  with  great  care.  Under  the 
surface  soil,  at  a  depth  of  about  ten  feet,  they  came  to  a  stiff  blue  clay 
about  forty  feet  in  thickness ;  below  which  was  sandy  chiy,  coutaining 
in  its  lower  portion  abundance  of  decayed  vegetable  matter,  which  at 
the  bottom  assumed  the  charscter  of  a  stratum  of  black  peat  two  feet 
thick.  This  peaty  mass  was  considered  as  a  clear  indicalioo  (like  the 
"dirt-bed"  of  Portland)  of  an  ancient  terrestrial  surface,  with  a  forest 
or  Sunderbund  v^etation.  Logs  and  branches  of  a  red-ci)lored  wood 
occur  both  above  and  immediately  below  the  peat,  so  little  nlten?d  that 
Dr.  Wallich  wa.s  able  to  identify  them  with  the  Soondri  tree,  Heritkra 
litlorulis,  one  of  the  most  prevalent  forms  at  the  ba.sc  of  the  delUi.  Dr. 
Falconer  tells  me  that  sioiilar  peat  )ms  heen  met  with  at  other  points 
round  Calcnfta  at  the  depth  of  nine  leet  and  twenty-tivo  feeL  It 
appears,  then  lore,  that  there  has  been  a  sinknig  down  of  what  was 
orit^inally  land  in  thi8  region,  to  the  amount  of  seventv  feet  or  more  p^  r- 
pendicular ;  for  Calcuttii  is  only  u  few  feet  above  the  level. of  lie  sea, 
and  the  successive  pe^t-beds  seem  to  imply  that  the  subsidence  of  the 
ground  was  gradual  or  interrupted  by  several  pauses.  Below  tho  vege- 
table mass  they  entered  upon  a  stratum  of  yellowish  day  about  ten  feet 
thick,  containing  horisontal  layers  of  knnkar  (or  kankar).  a  nodulsr,  eoo* 
eietionaij,  argiUaeeous  limestone,  met  with  abundantly  at  greiitM'.ni, 
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depths  in  all  parts  of  the  valley  of  the  Ganges,  over  iiiany  thonsnnd 
square  miie>i,  und  always  presenting  the  same  characters,  even  ut  a  dis- 
teoee  of  one  thousand  miles  north  of  Calcutta.  Some  of  this  kunkar  is 
Hid  to  be  of  very  recent  origin  in  depoeits  formed  by  river  iniindationB 
near  SalMraDpoar.  After  peoietrating  120  feet»  they  fouod  ]oam  con* 
(abing  water-worn  fragments  of  miea-shite  and  other  kinds  of  rock, 
wlueh  the  cnrrent  of  the  Oanges  can  no  longer  transport  to  this  region, 
lo  the  various  beds  pierood  through  below,  consistmg  of  clay,  mar], 
ud (liable  sandstone,  with  kunkar  here  and  there  intermixed,  no  oiganic 
remriin^  of  decidedly  marine  origin  were  met  with.  Too  positive  a  con- 
cluion  ought  not,  it  is  true,  to  be  drawn  from  such  a  fact,  when  we 
consider  the  narrow  bore  of  the  auger  and  its  eflfect  in  crushing  shells 
and  hones.  Nevertheless,  it  is  worthy  of  remark,  that  the  onlv  fossils 
chuiinoti  in  a  recognizable  state  were  of  a  tluviatiie  or  terrestrial  cliarac- 
ler.  Thus,  at  the  depth  of  350  feet,  the  bony  shell  of  a  tortoise,  or 
trionyx,  a  freshwater  genus,  was  found  in  sand,  resembling  the  living 
spt'cios  of  Bengal.  P'rom  the  same  stratum,  also,  they  drew  up  the  lower 
half  of  tlie  humerus  of  a  ruiniiuint,  at  first  referred  to  a  hv;ena.  It  wjus  • 
the  si&i  and  shape,  Siiys  Dr.  Falconer,  of  the  shoulder-bone  of  the  Cervus 
pordnus,  or  common  hog-decr,  of  India.  At  the  depth  of  380  feet» 
day  with  fragments  of  lacustrine  shells  was  incumbent  on  what  appears 
dsiuly  to  have  been  another  **  dirt-bed,"  or  stratum  of  decayed  wood, 
implying  a  period  of  repose  of  some  duration,  and  a  forest-covered  lend, 
.  whidi  must  hhve  subsided  800  feet,  to  admit  of  the  subsequent  super-, 
pOBitiofi  of  the  overlying  deposits.  It  has  been  conjectured  that»  at 
the  time  wh«i  tins  area  supported  trees,  the  land  extended  much  far* 
ther  oat  into  the  Bay  of  Bengal  than  now,  and  that  m  later  times  the 
Oanges,  whOe  enlarging  its  delta,  has  been  only  reoovering  lost  ground  ' 
from  the  sea. 

At  the  depth  of  about  400  feet  below  the  surface,  an  abrupt  change 
WHS  observfd  in  the  character  of  the  stratn,  which  were  composed  in 
gnat  p  nf  sand,  shin'rle,  and  boulders,  the  only  fossils  observed  being 
tli'^  v»jrkbr;:e  of  a  crocodile,  shell  of  a  trionyx,  and  fragments  of  wood 
▼ery  little  altered,  and  similar  to  that  buried  in  beds  far  above.  These 
gravelly  beds  constituted  the  bottom  of  the  section  at  the  depth  of  481 
feet,  when  the  operations  were  discontinued,  in  consec^uence  of  an  acci- 
dent which  happened  to  the  auger. 

The  occurrence  of  pebbles  at  the  depths  of  120  and  400  feet  implies 
sa  important  change  in  the  geographical  condition  of  the  region  around 
or  nesr  Cslcutta.  The  fall  of  the  river,  or  the  general  slope  of  the  al]u> 
vid  phm  may  have  been  formerly  greater ;  or,  before  a  general  and  per- 
unequal  subsidence,  hills  once  nearer  the  present  base  of  the  delta 
laay  have  risen  several  hundred  feet,  forming  islands  in  the  bay,  which 
nay  have  sunk  gradttally,  nnd  become  buried  under  fluviatile  sediment. 

Antiqttity  of  the  deita»— It  would  be  a  matter  of  no  small  scientific  in- 
if  etperimentB  were  made  to  enable  us  to  determine,  with  some 
itgree  of  aceuiaey^the  moan  «|nBntity  of  earthy  matter  discharged  an- 
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nual]y  into  the  sea  by  the  uniud  waters  of  the  Ganj^es  and  Brahmapoo- 
tra. Tlie  R^v.  Mr.  Evere.st  instituted,  in  1831-2,  a  series  of  observa- 
tions on  the  canliy  matter  brought  down  by  the  Ganges,  at  Qhazcpoor^ 
500  miles  from  the  sea.  He  found  that,  in  1831,  the  number  of  cidw 
feet  of  water  diwluirged  by  the  river  per  eeoond  at  that  pboe  im^ 
during  the 

Bains  (4  months)  404»2Oe 

Winter  (5  months)  Yl,flOO 

Hot  weather  (8  months)  86,830 

so  that  we  may  state  in  itHmd  nwnbers  that  500,000  onhie  feet  per 
oeeond  flow  down  during  the  four  months  of  the  flood  season,  from 
June  to  September,  and  less  than  60,000  perseeottd  daring  the  zemaiih' 

ing  eight  months. 

Tlic  Hvcmgc  quantity  of  solid  matter  suspended  in  the  water  during 
the  rains  w;ls.  >>v  weicfht,  -j  Vjrth  pnrt ;  but  as  tlu^  wfitf^r  i«  nhnnt  one- 
half  the  specilic  ^Tuvity  of  the  dried  mud,  the  solid  matter  duicharged  is 
l^jth  part  in  bulk,  or  577  cubic  feet  per  second.  This  pives  a  total  of 
•  6,082,04  l.tiOO  cubic  feet  for  the  dischai^e  in  the  122  days  of  the  rain. 
The  proportion  of  sediment  in  ihc  waters  at  other  seasons  was  compara- 
tively insigniiicant,  the  totui  uimduul  durmg  the  dve  winter  months  being 
only  247,881,600  cubic  feet,  and  during  the  three  months  of  hot  weather 
88,154,240  cubifl  feet  '  The  total  annual  discharge,  then,  woeM  be 
9MSfi1lA40  oabic  feet 

Tliis  quantity  .of  mnd  wonid  m  one  year  laise  a  sarfiMie  of  8^0} 
square  milei,  or  a  square  spaoe,  eaoh  ride  of  whbh  should  measore  15 
miles,  a  height  of  one  foot  To  give  some  idea  of  the  nsgnitiide  of  this 
result,  we  will  assume  that  the  specific  grarity  of  the  dried  mnd  ia  only 
one-half  that  of  granite  (it  would,  however,  be  more) ;  in  that  case,  the 
earthy  matter  discharged  in  a  year  would  equal  3,184,038,720  onhie 
feet  of  granite.  Now  about  12  J  cubic  feet  of  granite  weigh  Olie  t^r^ : 
and  it  is  computed  that  the  great  Pynimid  of  Egypt,  if  it  were  a  sohd 
maFs  of  granite,  Avould  itrh  aljout  000,000,000  ton«.  The  mass  of 
matter,  therefore,  carried  down  annually  would,  iccordinyf  to  th:s  esti- 
mate, more  than  equal  in  weight  and  bulk  forty- two  of  the  grea:  j^f-vA- 
niids  of  Eg'vpt,  and  that  borne  down  in  the  four  months  of  the  rani.s 
Vkuuld  equal  forty  pyramids.  But  if,  willi -ut  any  conjecture  as  to  what 
raay  have  been  the  specific  gravity  of  ihv  mad,  we  attend  merely  to  the 
weight  of  solid  matter  actually  prov^  by  Mr.  Everest  to  have  been 
eontabed  in  the  water,  we  find  that  the  number  of  tons  weight  wliieh 
passed  down  in  the  128  days  of  the  rainy  season  was  830,419,760, 
which  would  give  the  weight  of  fifty-six  pyninids  and  a  half;*  aod  m 
the  whole  year  855,861,464  tons,  or  nearly  the  weight  of  sixty  pyi  vnids* 

The  base  of  the  great  Pyramid  of  B^ypt  oorera  eleven  aores*  and  its 
perpendicular  height  is  about  five  hundred  feet  It  is  ecarody  possible 
to  present  any  picture  to  the  mind  which  will  oonvey  an  adequate  eonr 
oeption  of  the  mighty  scale  of  this  operation,  so  tranquilly  and  almq^t 
insensibly  carried  on  by  the  Qanges,  as  it  gbdes  through  its  iiUuvial 
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pUin,  even  at  a  distanee  of  BOO  miles  from  the  sea.  It  may,  nowwrsr- 
be  staled,  tbat  if  a  fleet  of  noro  tbra  eighty  iBdiamen,  eaoh  fireigliled 
with  about  14100  tons*  weight  of  Brad*  wen  to  sail  dowa  ibo  mer  ofoy 
iMHir  of  every  day  and  night  for  four  months  oontinuoasly,  they  woold 
edy  Inmsport  fhun  the  higher  eoantiy  ta  the  sea  a  mass  of  soiKd  matter 
eqaal  to  that  home  down  by  the  Oat^es,  even  in  this  part  of  its  cooise* 
in  the  foor  months  of  the  flood  season.  Or  the  exertions  of  a  fleet  of 
about  2000  such  ships  going  down  dsfly  with  the  same  burden,  and 
diaehargiog  it  into  the  gulf,  wc old  he  no  more  than  equivalent  to  the 
operations  of  the  great  river. 

The  most  voluminous  current  of  lava  which  has  flowed  from  Etna 
within  historical  times  was  tlint  of  1669.  Ferram,  after  correctinij 
Borelli's  estimate,  cal'-ulated  (he  (iu  uiLitv  of  cubic  yards  of  lava  in  this 
curn-nt  at  14U,000,UUO.  Now,  tins  would  not  equal  in  bulk  one-fifth 
ot  ihe  sedimentarj'  matter  whicii  is  carried  down  in  a  single  year  by  the 
6an£^e«;,  past  Ghazepoor,  accordinfr  to  the  estimate  above  explained  ;  so 
that  it  would  require  five  grand  eru]) lions  of  Kuia  to  transfer  u  mass  of 
lava  from  the  subterranean  regions  to  the  surface,  equal  in  volume  to 
tbe  mud  earned  down  in  one  y^  to  that  pboe. 

Csptam  R.  Stnehey,  of  the  Bengal  Engineers,  has  remarked  io  me, 
sot  only  that  Qhaibpoor,  where  Mr.  Everest's  observations  were  made, 
is  50O  miles  from  the  sea,  but  thaithe  Qaages  has  not  been  joined  there 
hj  its  most  important  feeders.  These  dram  npon  the  whole  750  miles 
of  the  Himalaya,  and  no  more  than  150  milea  of  that  mountain-ehsip 
have  sent  their  ecmtributions  to  the  main  trunk  at  Ghazepoor.  Below 
that  place,  the  Ganges  is  joined  by  the  Gc^gra,  Gunduk,  Khosee,  and 
Teesta  from  the  north,  to  say  nothing  of  the  Sone  flowing  from  the 
sooth,  one  of  the  largest  of  the  rivers  which  rise  in  the  table-land  of 
central  India.  (Sec  map,  fig.  25,  p.  275.)  Moreover  the  remaining  COO 
rrti!*"^  of  the  Himalaya  comprise  that  ejLstom  portion  of  the  basin  where 
the  I  iHi;^  ;ir»  li<  aviest.  (8ee  above,  p.  200.)  The  (juantity  of  water 
tb^r  1  i>-  c  u  i  i«  (1  down  to  the  sea  may  probably  be  four  or  five  times  as 
miicii  iih  (.hat  vv  hich  passes  Ghazepoor. 

The  Brahmapootra,  accordinc^  to  Major  Wilcox,*  in  the  month  of 
January,  when  it  is  near  its  miaiiuuia,  discharges  150,000  cubic  feet  of 
water  per  second  at  Gwalpara,  not  many  miles  above  the  head  of  its 
delta.  TSaking  the  proportions  observed  at  Ghazepoor  at  the  diffiBient 
seasoni  as  a  guidi^  the  probable  average  diaeharge  of  the  Brahmapootm 
for  the  whole  year  may  be  eatimated  at  about  tihe  same  as  that  of  the 
OangsL  Aamming  thts;  and  secondly,  in  older  to  avoid  the  risk  el 
exaggeratioii^  that  the  proportioii  of  sediment  in  their  waters  is  about  a 
third  less  than  Mr.  Everest's  estimata,  the  mud  borne  down  to  the  Bay 
of  Bengal  in  one  year  would  equal  40,000  millions  of  cubic  feet,  orW* 
tween  six  and  seven  times  as  much  as  that  brought  down  to  Gliaaepoor* 
accordbg  to  Mr.  Everest's  calculationa  m  1831,  and  ten  times  as  modi 
u  (j]44  eonveyed  annually  by  the  Blusisdppi  to  the  Qulf  of  Meziea 

*  Ariatie  Reaeardiea^  vol  zru,  4Mb 


Digitized  by  Google 


4 


284  OCXNCLDDQfa  ffifMARgg  ON  D£LTAft  [Co.  XV  III 

Captain  Stracbey  C8timat€S  the  amiually  inundated  portion  of  the 
ilelUi  ui  JoU  miJes  in  length  by  80  in  breadth,  making  an  area  of  20,00C 
square  miles.  The  space  south  of  this  id  the  bay,  where  sediineiit  is 
thrown  down»  may  be  800  milei  from  K  to  W.  by  150  N.  and  8.,  or 
45*000  square  miles,  which,  added  to  the  former,  gives  a  surface  of 
65*000  square  miles*  over  which  the  sediment  is  spread  out  by  Ae  two 
rivers.  Suppose  then  the  solid  matter  to  amount  to  40*000  millionB  of 
cubic  feet  per  annum*  the  de|KMit*  be  observes*  must  be  eootinued  for 
•  forty*five  years  and  three-tenths  to  raise  tho  whole  area  a  hdght  of  one 
foot*  or  18,600  years  to  raise  it  300  feet ;  and  this*  as  we  have  seen*  la 
much  less  than  the  thickness  of  the  fluviatile  strata  actually  penetrated, 
(and  the  bottom  not  reached)  by  the  auger  at  Calcutta. 

Nevertheless  we  can  by  no  means  deduce  from  these  data  alone,  what 
will  be  the  future  nite  of  advance  of  the  delta,  nor  even  predict  whether 
the  land  will  gain  on  the  sen,  or  remain  sUitionarv.  At  the  end  ot 
13,000  years  the  bay  may  be  less  sli  illow  thnn  now,  provided  a  moder- 
ate depression,  corresponding,'  to  tiuit  expeneuccd  m  part  of  Gr.  ,  iil;fn(l 
fur  many  centuries  shall  take  place  (see  chap.  80).  A  feul)>icle)iee  quite 
insensible  to  the  inhabitants  (jf  Bi  ni;;il,  not  exceeding  two  feet  three 
inches  in  a  century,  would  be  more  Uian  sufficient  to  counterbalance  all 
the  cti'orLii  of  tiic  two  mighty  rivers  to  extend  the  limits  of  their  deltji. 
We  have  seen  that  the  Artesian  borings  at  Calcutta  attest*  what  the  vast 
depth  of  the  "  swatoh"  may  also  in  all  likelihood  indicate  that  the  an* 
li^gomst  force  of  subsidence  has  predommated  for  ages  over  the  influx  of 
fluviatile  mud*  preventing  it.from  raismg  the  plains  of  Bengal*  or  from 
filling  up  » larger  portion  of  the  bay. 

COKCLUDINO  KEUARBS  ON  DELTAS. 

Convergence  of  dellaa. — If  we  possessed  an  accurate  series  of  maps 
of  the  Adriatic  for  many  thousand  years,  our  retrospect  would,  without 
doubt,  carry  us  gradually  back  to  the  time  when  the  number  of  rivers 
descending  from  the  mountains  into  that  gulf  by  intiepentlent  deltas  was 
far  {greater  in  number.  The  deltas  of  the  Po  and  the  Adige,  for  instance, 
would  separate  themselves  within  the  recent  em,  as,  in  all  probability, 
would  ihose  of  the  Isonzo  and  the  Torre.  If,  on  the  other  hand,  we 
speculate  on  luture  changes,  wc  may  anticipate  the  period  when  the 
number  of  deltas  will  greatly  diminish ;  for  the  Po  cannot  continue  to 
encroach  at  the  rate  of  a  mile  in  a  hundred  years,  and  other  rivem  to 
gain  as  much  in  six  or  seven  eenturiea  upon  the  shallow  gulf,  vritbont 
new  junctions  occurring  from  time  to  time ;  so  that  Eiidanus«  '*  the  ^Aag 
of  rivers,"  will  continuallj  boast  a  greater  number  of  tributaries.  The 
Ganges  and  the  Brahmapootra  have  perhaps  become  partially  confluent 
in  the  same  delta  within  the  historical,  or  at  least  within  the  human  era; 
and  the  date  of  the  junction  of  the  Red  River  and  the  Mississippi  would* 
in  all  likelihood,  have  been  known,  if  America  had  not  been  so  recently 
discovered.  The  union  of  the  Tigris  and  tho  Euphrates  must  undoabt^  - 
edlj  have  been  one  of  the  modern  geographical  changes  of  our  Barth, 
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for  CoL  Bawlioaoii  infomu  me  tliat  the  delta  of  tlioae  men  has  adTaneed 
two  miles  in  the  hut  nxty  yean,  and  is  supposod  to  have  eneroaehed 
sbont  forty  miles  upon  the  Gulf  of  Persia  in  the  coune  of  the  hut  twenty* 
five  eentones. 

When  the  deltas  of  rivers,  having  many  months,  converge,  a  partial 
asion  at  first  takes  place  by  the  coofluenoe  of  some  one  or  more  of  their 
anoB ;  but  it  is  not  until  the  main  tmnks  are  connected  above  the  bead 
of  the  common  delta,  that  a  complete  intermixture  of  their  joint  waters  v 

and  sediment  takes  place.  The  union,  therefore,  of  the  Po  and  Adige, 
and  of  the  Ganges  aud  Brahmapootra,  is  stili  incomplete.  If  we  reflect 
on  the  geographical  extent  of  surface  drained  bv  rivers  such  ns  now  en- 
ki  the  Bay  of  Bengal,  and  then  consider  how  corapkLe  the  blending 
together  of  the  greater  part  of  their  transported  matter  has  already  be- 
come, and  throughouL  huw  vast  a  delta  it  is  spread  by  numerous  arms, 
ve  no  longer  feci  so  much  surprise  at  the  area  occupied  by  some  ancient 
fcnnatioDs  of  homogeneous  mineral  composition.  But  oar  surprise  will 
be  still  farther  lessened,  when  we  afterwards  inquire  (ch.  81)  mto  the 
action  of  tkles  and  ounents  m  disseminating  sediment.  . 

Age  of  esntHnff  ddUu, — ^If  we  could  take  for  granted,  thai  the  zela* 
tire  level  of  land  and  sea  had  remained  stationaiy  ever  since  all  the  ex- 
htiog  deltas  began  to  be  formed — could  we  assume  that  their  growth 
cmDmenced  at  one  and  the  same  instant  when  the  present  continents 
acquired  their  actual  shape — we  might  understand  the  language  of 
geologbts  who  speak  of  "  the  epoch  of  existing  continents."  They  en- 
deavor to  calculate  the  age  of  deltas  from  this  imaginary  fixed  period  ; 
and  tiiey  calculate  the  gain  of  new  huid  upon  the  sea,  at  tlie  mouths  of 
.  rivers,  as  having  begun  everywhere  simultaneously.  But  the  more  we 
study  the  history  of  deltas,  the  more  we  become  convinced  that  upward 
and  downward  movements  of  the  land  and  contiguous  bed  of  the  sea 
have  exerted,  and  continue  to  exert,  an  inliuencc  on  the  physical  geog- 
raphy of  many  liydrographical  badns,  on  a  scale  comparable  in  mag- 
sitade  or  importance  to  the  amount  of  fluviatile  deposition  effected  in  an 
cqnal  lapse  of  tune.  In  the  basin  of  the  Mississippi,  for  example,  proofs 
both  of  descending  and  ascending  movements  to  a  vertical  amount  of 
iereral  hundred  feet  can  be  shown  to  have  taken  place  since  the  existing 
speciea  of  hnd  and  freshwater  shells  lived  in  that  region.* 

The  deltas  also  of  the  Po  and  Ganges  have  each,  as  we  have  seen  (p. 
257),  when  probed  by  the  Artesian  auger,  borne  testimony  to  a  gradual 
sabsidence  of  land  to  the  extent  of  several  hundred  feet — okl  terrestrial 
surfaces,  turf,  peat,  forest-land,  and  "  dirt-beds,"  having  been  pierced  at 
viirious  depths.  Tlie  changes  of  level  at  the  mouth  of  the  Indus  in 
Catch  (see  below,  cliap.  27),  and  tliose  of  New  Madrid  in  the  valley  of 
the  Mississippi  (see  p.  270,  and  rhnp  27),  are  equally  instructive,  m 
demonstnitinfj  unceasing  fluctuations  in  the  levels  of  those  areas  iiUo 
wiMch  running  water  is  transporting  sediment    If,  therefore,  the  exact 
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age  of  all  rii(i(l*'t  ti  dulULs  could  be  known,  it  is  scarcely  probable  tlial 
we  should  tind  any  two  of  them  ia  the  world  to  have  coincided  in  date, 
or  in  the  time  when  their  earliest  deposits  originated. 

Grouping  ofttfola  in  tkUai, — ^The  ehangos  which  have  takeo  phe* 
m  deltas,  even  intfain  the  times  of  Uttory,  may  suggest  many  importuit 
oonsidentioDS  in  Mgaid  to  the  manner  in  which  snbaqnmua  aedimeni  ia 
distributed.  With  the  eioeption  of  eoae  cases  hereafter  to  be  nolioed* 
then  are  some  general  laws  of  anangeoMnt  which  must  evidently  hold 
good  in  almost  all  the  lakes  and  seas  now  filling  up.  If  a  lake,  for  ex- 
ample, be  encircled  on  two  sides  by  lofty  mountainB,  receiving  from 
them  many  riven  and  torrents  of  different  sir^s,  and  if  it  be  bounded 
on  the  other  sides,  -win  r  *'  the  surplus  waters  issue,  by  a  comparatively 
low  country,  it  is  not  ditificult  to  define  some  of  the  leading  geological 
features  which  must  characterize  tlie  lacustrine  lonnation,  when  this 
basin  bhall  have  been  c^raduallv  converted  into  dry  land  by  the  intiuic  of 
sediment.  The  straUi  wrmld  be  divisible  into  two  principal  groups:  the 
older  comprising  those  ilrposits  which  originated  on  the  side  adjoining' 
the  mountains,  where  numerous  deltas  first  began  to  form ;  and  the 
Mwer  group  consisting  of  beds  deposited  in  the  more  eentnl  patta  of 
the  basin,  aiid  towards  the  side  larthest  from  the  mountains.  The  fol* 
bwing  characters  would  form  the  principal  marks  of  distinetioB  between 
the  strata  in  each  aeries :— The  more  ancient  system  would  be  composed, 
for  the  most  part,  of  eoaner  materials,  containii^  many  beda  of  pebUea 
and  sand,  (rflen  of  great  thickness,  luid  sometimes  dipping  at  a  consider- 
able angle.  These,  with  associated  beds  of  finer  ingredients,  would,  if 
tniced  round  the  borders  of  the  basin,  be  seen  to  Taiy  greatly  in  coIot 
and  minf  nil  romposition,  and  would  also  be  Very  irregular  in  thickness,  . 
The  beds,  on  the  contrary,  in  the  newer  group,  would  consist  of  finer 
particles,  and  would  be  hori/'^ntnl,  or  very  sliirhtiv  inclined.  Their 
color  and  mineral  composition  uould  he  v<'rv  Ik ini f  ^eneous  throno-hout 
lar^e  areas,  and  would  diti'er  from  almo&t  ail  the  separate  beds  in  the 
older  series. 

The  follow  ing  causes  would  produce  the  diversity  here  alluded  to  be- 
tweeu  the  two  great  members  of  such  lacustrine  formations : — When 
the  rivers  and  torrents  first  reach  the  edge  of  the  lake,  the  detritua 
washed  down  by  them  from  the  adjoining  heighta  smks  at  once  into 
deep  water,  all  the  heavier  pebblea  and  aand  subsiding  near  the  ahore. 
The  finer  mud  is  carried  somewhat  fiurther  out,  but  not  to  the  diatance 
of  many  miles,  for  the  greater  part  may  be  seen,  aa,  for  eiaiuple»  where 
the  Rhone  enters  the  Lake  of  Geneva,  to  fall  down  in  clouds  to  the 
bottom,  not  far  from  the  river's  mouth.  Thus  alluvial  tracts  are  soon 
formed  at  the  mouths  of  every  tonent  and  river,  and  many  of  these  in 
the  course  of  a^es  become  of  considerable  extent.  Pebbles  and  sand 
are  then  transported  farther  from  the  niountiuns  ;  but  in  their  pnssfige 
they  decrease  in  size  by  attrition,  and  nrc  in  part  cpnverted  into  mud 
and  sand.  At  length  some  of  the  numerous  deltas,  which  are  all  di- 
rected towards  a  common  centre,  approach  near  to.  each  other  i  tiiose 
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of  adjoiniog  toirente  become  united,  and  eaeh  is  merged,  in  ito  torn,  in 
the  delta  of  the  largest  river,  wbieh  advaneet  meet  n4)idly  into  the  lake* 
and  lenden  all  the  minor  atreanu,  one  after  the  other,  iCa  tributaiiea. 
TheTBiioiBi  mineral  ingredienta  of  all  are  Ana  blended  together  mto 
one  hanqgeneooa  mixture,  and  the  aediment  ia  poured  out  from  a  oomr* 
BH»  ehaaael  into  the  lake. 

As  the  average  size  of  the  transpoited  paitidea  decreases,  while  the 
force  and  volume  of  (he  main  river  ougmenta,  .the  newer  depoaits  are 
diffused  continually  over  a  wider  area,  and  are  eoaMqoaatly  more  bori- 
soDtol  than  the  older.  When  at  first  there  were  many  independent 
deltas  near  the  borders  of  the  basin,  their  separate  deposits  differed  en- 
tirt'lv  from  earh  othrr  ;  one  may  have  been  ciiari^ed,  like  lb'"  Arve 
whtre  11  joins  the  Rhone,  with  white  sand  and  sediment  derived  Irom 
granite — another  may  have  been  black,  liko  manv  streams  in  the  Tyrol, 
flowinsr  from  the  waste  of  decompo^kug  rocks  uf  dark  slate — a  third 
iDHv  have  been  colored  by  ochreous  sediment,  like  the  Red  River  in 
Looisiana — a  fourth,  like  tlie  Eliia  in  Tusctmy,  may  have  held  much 
earbonate  of  lime  in  solution.  At  first  they  would  eaeh  form  distinct 
dapoiita  of  aand,  gravel,  limeatono,  marl,  or  other  materiala ;  but,  after 
their  junction,  new  chemieal  comUnationa  and  a  diatinet  color  would  be 
the  rmult,  and  the  partiolea,  having  been  conveyed  ten,  twenty,  or  a 
gimter  number  of  milea  over  alluvial  plains,  would  become  finer. 

Jtt  thoie  deltaa  where  ihe  tidea  and  strong  marine  ourrenta  wterfere, 
the  above  description  would  only  be  applicable,  with  certaui  modifica- 
tions. If  a  series  of  earthquakes  accompany  the  growth  of  a  delta,  and 
change  the  levels  of  the  Imid  from  time  to  time,  its  in  the  region  where 
•  the  Indus  now  enters  the  aea,  the  phenomena  will  depart  still  more 
widely  from  the  ordinary  type.  If,  after  a  protracted  period  of  rest,  a 
delta  sink  down,  pebbles  may  be  borne  alon<^'  in  shallow  water  near  the 
foot  of  t!ip  boundary  hills,  so  as  to  form  conglomerates  overlying  the 
fine  mn  l  previously  thrown  into  deeper  water  in  the  same  area. 

daawH  of  straiijication  in  deltas. — The  stratified  arrangement,  which 
is  observed  to  prevail  so  fj^nerally  ia  aqueous  deposits,  is  most  fre- 
quently due  to  variations  in  the  velocity  of  running  water,  which  cannot 
kweep  along  particles  of  more  than  a  certain  size  and  weight  when 
JBoring  at  a  given  rate.  Hence,  aa  the  force  of  the  stream  augmenta  or 
deoieaies,  the  matmala  thrown  down  in  aucoessive  layera  at  particular 
plsem  are  rudely  aorted,  according  to  their  dimendona,  form,  and  spe- 
ctfie  gravity.  Where  this  cauae  baa  not  operated,  aa  where  nod,  mud, 
and  ftagmenta  of  rock  are  conveyed  by  a  gbicier,  a  confuaed  heap  of 
rabbish  devoid  of  all  atmtification  is  produced. 

Natural  diviaiona  are  also  occasioned  in  deltas,  by  the  interval  of  time 
vhish  separates  annually  the  depoeition  of  matter  durinirr  the  periodical 
nins,  or  melting  of  snow  upon  the  mountains.  The  deposit  of  each 
year  may  acqmre  some  degree  of  consistency  before  that  of  the  succeed- 
ing; year  is  superimposed.  A  variety  of  circumstances  also  give  rise 
^luuiaUy,  or  sometimes  from  day  to  day,  to  slight  variations  in  color. 
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fineness  of  the  particles,  and  other  characters,  by  which  alternations  of 
strata  distinct  in  texture  and  mineral  ingredients  must  be  produced. 
Thus,  for  example,  at  one  period  of  the  year,  drift-wood  may  be  carried 
down,  and,  at  anotht^r.  mud,  as  was  before  stated  to  be  the  case  iu  the 
delta  of  the  Mississippi  :  nr  nt  one  time,  wlien  ihe  volume  and  velocity 
of  the  stream  are  £rr<?i*^*  ''^  pebbles  and  sand  may  be  spread  over  a  cer- 
tain iwxu,  over  which,  when  the  waters  are  low,  fine  mfttter  or  chemical 
precipitates  are  formed.  During  inundations,  the  turbid  current  of 
fresh  water  often  repels  the  sea  for  many  miles  ;  but  when  the  river 
IB  low,  salt  water  agak  oee«iHe§  the  same  space.  When  two  deltee  are 
converging,  the  intermediate  epace  is  often,  for  reasons  before  eiplained, 
alternately  the  receptacle  of  difiiBrent  sediments  derived  from  the  con- 
verging streams  (see  p.  272).  The  one  is,  perhaps,  charged  with  cal- 
careous, the  other  with  ai|(ilhioeoas  matter;  or  one  sweepa  down  sand 
and  pebbles,  the  other  impalpable  mud.  These  differences  may  be 
repeated  with  considerable  regularity,  until  a  tbickhess  of  hundreds  of 
feet  of  alternating  beds  is  accumulated.  The  multiplication,  also,  of 
sheila  and  corals  in  particular  spots,  and  for  limited  periods,  gives  rise 
occasionally  to  lines  of  separation,  and  divides  a  maas  which  might 
otherwise  be  homogeneous  into  distinct  strata. 

An  examination  of  tlie  shell  marl  now  forming  in  the  Scotch  lakes,  or 
the  sediment  termed  "warp,"  which  subsides  from  ih>^  muddv  water  of 
the  iiuniber  and  other  rivers,  shows  that  recent  deposus  are  often  rr^m- 
posed  of  a  great  number  of  CMremely  thin  layers,  either  even  or  shi,^htly 
undulating,  and  preservinsr  a  general  parallelism  to  the  planes  of  straii- 
ficatioii.  Sometimes,  however,  the  lamina)  in  modern  strata  arc  dis- 
posed diagonally  at  a  considerable  angle,  which  appears  to  take  phice 
where  there  are  conflicting  movements  in  the  waters.  In  January,  1 820, 
I  visited,  in  company  *with  Professor  L.  A.  Keeker,  of  Geneva,  the  con* 
fluence  of  the  Rhone  and  Arve,  when  those  rivers  were  very  low,  and 
were  cutting  channels  through  the  vast  heaps  of  dfibris  thrown  down 
from  the  waters  of  the  Arve  In  the  preceding  spring.  One  of  the  sand- 
banhs  which  had  formed,  in  the  spring  of  1 828,  where  the  opposfaig 
currents  of  the  two  rivers  neutralized  each  other,  and  caused  a  retarda- 
tion in  the  motion,  had  been  undermined  ;  and  the  following  »  an  esaet 
representation  of  the  arrangement  of  laminaa  exposed  in  a  vertical  sec- 
tion. The  length  of  the  portion  here  seen  is  about  twelve  feet,  and  the 
height  five.  The  strata  a  a  consist  of  irregular  alternatinns  of  pebbles 
and  sand  in  undulating  beds :  below  these  are  seams  of  very  tine  sand 
B  B,  some  as  thin  as  paper,  others  about  a  qyarter  of  an  inch  tltif^k.  The 
Ftrata  oo  are  composed  of  layers  of  tine  gieemsh-gray  sand  :(<  Llun  as 
paper.  Some  of  the  inclined  beds  will  be  seen  to  be  thicker  at  their 
upper,  othei-s  at  their  lower  e.\tremity,  tlie  iiicliuation  of  some  being 
.  very  considerable.  These  layers  must  have  accumulated  one  ou  the 
other  by  lateral  apposition,  probably  when  one  of  the  rivers  was  veiy 
gradually  increasbg  or  diminishing  in  velocity,  so  that  the  point  .ol 
greatest  retardation  caused  by  their  conflicting  cunents  shifted  elowly. 
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tlhw'mg  the  sediment  to  be  thrown  down  in  successive  layers  on  a 
sloping  bank.  The  same  phenomenon  is  exhibited  in  older  strata  of  all 
ages.* 

Fig.  26. 


^KtWo  of  %  Baud-bank  In  the  bed  of  the  Arre  at  its  confluence  with  the  Bhone,  showing  th« 
Btratiflcation  of  deposits  where  currents  meet 

If  the  bed  of  a  lake  or  of  the  sea  be  sinking,  whether  at  a  uniform  or 
»n  unequal  rate,  or  oscillating  in  level  during  the  deposition  of  sediment, 
lb«se  movements  will  give  rise  to  a  different  class  of  phenomena,  as,  for 
eiample,  to  repeated  alternations  of  shallow- water  and  deep-water  de- 
posits, each  with  peculiar  organic  remains,  or  to  frequent  repetitions  of 
smtlar  beds,  formed  at  a  uniform  depth,  and  inclosing  the  same  organic 
remains,  and  to  other  results  too  complicated  and  varied  to  admit  of 
eoumeration  here. 

Formation  of  conglomerates. — Along  the  base  of  the  Maritime  Alps, 
between  Toulon  and  Genoa,  the  rivers,  with  few  exceptions,  are  now 
forming  strata  of  conglomerate  and  sand.  Their  channels  are  often  sev- 
fnd  miles  in  breadth,  some  of  them  being  diy,  and  the  rest  easily  forded 
for  nearly  eight  months  in  the  year,  whereas  during  the  melting  of  the 
s>now  they  are  swollen,  and  a  great  transportation  of  mud  and  pebbles 
takes  place.  In  order  to  keep  open  the  main  road  from  France  to  Italy, 
DOW  carried  along  the  sea-coast,  it  is  necessary  to  remove  annually  great 
masses  of  shingle  brought  down  during  the  flood  season.  A  portion  of 
tbe  pebbles  are  seen  in  some  localities,  as  near  Nice,  to  form  beds  of 
iiuDgle  along  the  shore,  but  thfi  greater  part  are  swept  into  a  deep  sea. 
The  small  progress  made  by  the  deltas  of  minor  rivers  on  this  coast 
oeed  not  surprise  us,  when  we  recollect  that  there  is  sometimes  a  depth 
of  two  thousand  feet  at  a  few  hundred  yards  from  the  beach,  as  near 
A'jce.  Similar  observations  might  be  made  respecting  a  large  propor- 
tion of  the  rivers  in  Sicily,  and  among  others,  respecting  that  which, 
inusediately  north  of  the  port  of  Messina,  hurries  annually  vast  masses 
of  granitic  pebbles  into  the  sea. 

Constant  interchange  of  land  and  sea. — I  may  here  conclude  my  re- 
marks OQ  deitas,  observing  that,  imperfect  as  is  our  information  of  the 
changes  which  they  have  undergone  within  the  last  three  thousand 
yetn,  they  are  sufficient  to  show  how  constant  an  interchange  of  sea 


*  See  Manual  of  Qeology  by  the  Author. 
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and  land  is  taking  plaoe  on  the  face  of  our  globe.  In  the  Mediterranean 
alone,  many  flourishing  inland  towns,  and  a  still  greater  number  of  ports, 
now  stand  where  the  spr  rolled  its  waves  since  the  era  of  the  early  civ- 
ilizntion  of  Europe.  If  we  could  corapare  with  equal  accuracy  the  an- 
cient and  actual  state  of  all  the  islands  and  continents,  we  should  prob- 
ably discover  that  millions  of  our  race  arc  now  supportefl  hy  hnds  sit- 
uated where  deep  seas  prevailed  in  earlier  at^'os.  In  many  tli-,trici  nol 
yet  occupied  by  man,  land  animals  and  forests  now  abound  where  s'aijs 
once  sailed  ;  and,  on  the  other  hand,  wi;  ijhall  find,  on  inquiry,  that  in- 
roads of  the  ocean  have  been  no  less  considerable.  When  to  these  rev- 
olutions, produced  by  aqueous  causes,  we  add  analofrous  changes 
wrought  by  iofneous  agency,  we  shall,  perhaps,  acknowledge  the  justice 
of  the  conclusion  of  Aristotle,  who  declared  that  the  whole  land  and 
sea  on  our  globe  periodically  changed  places.^ 


CHAPTEU  XIX. 

DESTROTUrO  TRAK8P0IITIH4»  BFVXOn  OV  TIDIB  AKD  CUBBSVll. 

DifFerence  in  the  rise  of  ti'l^-? — T  nt^-ulla^  and  Gulf  current* — •Velocity  of  current'' 
— -^^'iiiise!'  of  curreutti — Actiou  ol  the  8ea  on  the  British  coast — Shetland  Island* 
—Large  blocks  removed — Isles  reduced  to  clusters  of  rocks — Orkney  isles- 
Waste  of  East  oowt  of  Sootlaad--4iid  Eaat  coast  of  BngUuid — Waste  of  llw 
eliffs  of  Holdcmess,  NorfoUc,  and  Snflblk— Sand-dunes,  how  &r  chronometen 
— Siltini,'  up  of  estuaric"^ — Yarmouth  cstnary — Suffolk  coa.st — Dunwich — Essex 
c<»ayt — Estuary  of  Uie  Tliauies — Goodwin  Hands — Coast  of  Kent — Forroation  ot 
the  Straits  of  Dover — South  coast  of  Kaghimi — Sussex — Hants — ^Dorset — 
Fortland— Origin  of  the  Ghesil  Baak-^OomwaU— Coast  of  Brittanj. 

Although  the  mayementB  of  great  bodies  of  water*  termed  tidea  end 

currents,  are  in  general  due  to  very  distinct  causes,  their  effects  cannot 
he  studied  separately;  for  they  produce,  by  their  joint  action,  aided  by 
that  of  the  wave^  tiioso  changes  which  are  objects  of  geoiogicad  inter- 
est. These  forces  may  be  viewed  in  the  same  manner  as  we  before 
considered  rivers,  first,  as  employed  in  destroying  portions  of  the  solii 
orost  of  the  earth  and  removing  tiiem  to  other  places ;  secondly^  as  re- 
productive of  new  strata. 

I'tdes. — It  would  be  superfluous  at  the  present  day  to  offer  any  re- 
marks on  the  cause  of  the  tides.  'J'lu  y  are  not  perceptible  in  lakes  or 
in  most  inland  seas  ;  in  the  Medlt*  rranean  even,  deep  and  extensive  as 
is  that  sea,  they  are  soarcelv  sensible  to  ordinary  observation,  their 
effects  being  quite  bub<jrdinate  to  those  of  the  wind^  and  currents.  In 
some  places,  however,  as  in  the  .Straits  of  Messina,  there  is  an  ebb  iind 
dow  to  the  amount  of  two  feet  and  upwards;  at  2^aples  aud  at  ths 

•  See  p.  18. 
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Enripm,  of  twelve  or  ihtrleeii  mohes;  and  at  Venifie,  aeoofding  to  Ben< 
■dl,  of  fiye  ibet.*  In  the  Byrioi,  alao,  of  the  ancients,  two  wide  thai- 
loir  gulfs,  wUeh  penetrate  yeiy  far  within  the  northern  coast  of  itrica, 
between  Carthage  and  Gyrene,  the  lise  »  said  to  exceed  fire  feetf 

in  islands  remote  from  any  continent,  the  ebb  and  flow  of  the  ocean 
k  very  slight,  as  at  St.  Helena,  for  example,  where  it  is  rarely  above 
tbiee  feet.{  In  any  given  line  of  coast,  the  tides  are  greatest  in  narrow 
fHmnels,  bays,  and  estuaries,  and  ka.st  in  the  intervening  tracts  where 
the  land  is  prominent.  Thus-,  nt  the  entrance  of  the  e«tuary  of  the 
Thamt^  :ind  Medway,  the  rise  of  the  «princf  tides  is  eighteen  feet ;  but 
wheD  we  follow  our  eastern  coast  from  tlu'tice  nortlnvard,  towards 
Lowestoff  and  Yarmoutli,  we  find  a  nrradual  diminution,  until  at  the 
places  last  mentioned,  the  highest  rise  is  only  seven  or  eifrht  feet. 
From  this  point  there  begins  again  to  be  an  increase,  so  that,  at  Comer, 
where  the  coast  again  redres  towards  the  west,  the  rise  is  sixteen  feet ; 
and  towards  the  extremity  of  the  gulf  called  "  the  Wash,"  as  at  Lynn 
lad  in  Boston  Deeps,  it  is  from  twenty4wo  to  twenty -fonr  feet,  and  in 
mne  extraordinary  eases  twenty-eiz  feet  From  thence  again  there  is 
sdeetesse  towards  the  north,  the  elevation  at  the  Spurn  Point  being 
from  nineteen  to  twenty  feet,  and  at  Flamboroagh  Head  and  the  York- 
diae  coast  from  fourteen  to  sixteen  feet.§  . 

AtMilford  Haven  in  Pembrokeshire,  at  the  mouth  of  the  Bristol 
Channel,  the  tides  rise  thirty-six  feet ;  and  at  King-Road  ne-ar  Bristol, 
forty -two  feet.  At  Chepstow  on  the  Wye,  a  small  river  which  opon 
into  the  estuary  of  the  Severn,  they  reach  fifty  feet,  and  sometimes 
wity  nine,  and  even  seventy-two  feet.  A  current  which  sets  in  on 
til''  French  coast,  to  the  west  of  Cape  La  Hague,  becomes  pent  up  by 
Gueriisev,  Jersey,  and  other  islands,  till  the  rise  of  the  tide  is  from 
twenty  to  forty-five  feet,  which  last  height  it  attains  at  Jersey,  and  at 
St.  Main,  a  seaport  of  BritUmy.  The  tides  in  the  Basin  of  Mines,  at  the 
head  of  the  Buy  of  Fundy  in  Nova  Scotia,  rise  to  the  height  of  seventy 
fed 

thm  are,  however,  some  coasts  where  the  tides  seem  to  offer  an 
eneption  to  the  rule  above  mentioned ;  for  while  there  ia  scarcely  any 
nt  in  the  estuary  of  the  Plata  in  8.  America,  there  is  an  extremely  high 
tide  00  the  open  ooast  of  Patagonia,  farther  to  the  south.  Tet  eren  in 
UsB  region  the  tides  reaeh  thdr  greatest  elevation  (about  fifty  feet)  in 
the  Straits  of  Magellan,  and  so  far  at  least  they  conform  to  the  genera] 

CurrtnU. — The  most  extensive  and  best  determined  system  of  cur- 
rents, is  tliat  which  has  its  source  in  the  Indian  Ocean  under  the  influ- 
esoe  of  (he  trade  winds  ;  and  which,  after  doubling  the  Cape  of  Good 

•  Oeng.  of  Herod.  voL  ii.  p.  831.  * 
f  Ibid.  p.  328. 

t  R'  TTiriK .  Vents  et  Ocarani^  voL  it  pu      Bev.  F.  FsUovb,  Quart  Jooin.  of 

bcjtiirt,  iLireh,  1829. 

$  1lie  height*  of  tiwae  Udes  were  gmn  me  1»y  the  late  OaptMB  Bewett,  %  K. 
I  Oa  the  aatborily  of  Admind  Sir  F.  Beaofort,  It.  K. 


292 


CTREENTS. 


[CH.m 


Hope,  ineBnw  to  tbe  noiihwaKl,Aloiig  the  western  ooast  of  Africa,  thei 
Mton  tbe  Atlantic,  near  the  eqnator,  where  it  k  called  the  equatorid 
ontrent»  and  is  lost  m  the  Oarihbean  Sea,  yet  i|een»  to  be  agam  rennA 
in  the  carrent  which  issues  from  the  Gulf  of  Mexico.  From  tbenMil 
flows  rapidly  throngh  the  Straits  of  Bahama,  taking  the  name  of  tli6 
Gulf  Stream,  and  passing  in  a  northeasterly  direolioDp  by  the  Bwb 
of  Newfoundland,  towards  die  Aaores. 

We  learn  from  the  posthumous  work  of  Bennell  on  this  subject  tbal 
.  he  LaguUas  onrrent,  so  called  from  the  cape  and  bank  of  that  naa^  ii 
formed  by  the  junction  of  two  streams,  flowing  from  the  Indian  Oceao ; 
the  one  from  the  channel  of  Mozambique,  down  the  southeast  coast  of 
Africa;  tln^  other  from  tho  o(^ean  at  larg'e.    The  collective  stream  is 
from  niiioiv  to  one  hundred  unlo'-^-  in  hroafltb,  and  runs  at  the  rate  (rf 
from  two  and  a  half  to  more  than  lour  miles  per  lionr.    It  is  at  length 
turned  westward  by  the  Lagullas  bank,  which  rises  from  a  sea  of  rrrf^at 
depth  to  within  one  hundred  fathoms  of  the  surface."  It  must  then  torf 
be  inferred,  says  Rennell,  that  the  carrent  here  is  more  than  one  hun- 
dred fathoms  deep,  otherwise  the  main  body  of  it  wtjui  l  puss  across  the 
bank,  inst<'ad  of  being  deflect^^d  westward,  so  as  to  tlow  round  the  Capo, 
of  Good  Hope.-   From  this  cape  it  flows  northward,  as  b'fore  slated, 
along  the  western  coast  of  Africa,  taking  the  name  of  the  South  Atlantic 
current.    It  then  enters  the  Bight,  or  Bay  of  Benin,  and  is  turned  west- 
ward, partly  by  the  form  of  the  coast  there,  and  partly,  perhaps,  by  the 
Gttinea  cttrrent^  which  runs  from  the  north  into  the  same  great  bay. 
From  the  centre  of  this  bay  proceeds  the  equatorial  current  already  i 
mentioned,  holding  a  westerly  direction  across  the  Atlantic,  which  it 
traverses,  from  the  coast  of  Guinea  to  that  of  Brasil^  flowing  afterwards 
by  the  shores  of  Quiana  to  the  West  Indies.   The  breadth  of  this  cur- 
rent varies  from  IdO  to  450  geographical  miles,  «nd  its  velocity  is  from , 
twenty-five  to  seventy-nine  miles  per  day,  the  mean  rato  being  aboaft 
thirty  miles.   The  length  of  its  whole  course  is  about  4000  nules.  As 
it  sldrts  the  coast  of  Qutana,  it  is  increased  by  the  influx  of  the  waters 
of  the  Amazon  and  Orinoco,  and  by  their  junction  aoqunes  accelerated 
velocity.   After  passing  the  island  of  Trinidad  it  eipands,  and  is  almosl 
lost  in  the  Caribbean  Sea ;  but  there  appears  to  be  a  genetal  movemeDt 
of  that  sea  towards  the  Mexican  Gulf,  which  discharges  the  most  power- 
ful of  all  currents  throucrh  the  Straits  of  Florida,  where  the  waters  run 
in  the  northern  part  with  a  velocity  of  four  or  fi^e  miles  an  hour,  hav- 
ing a  breadth  of  from  thirty-five  to  fifty  miles.* 

Thf'  t.  mppnitnrf^  of  the  Gulf  of  Mexico  PB^  F.  in  summer,  or  6* 
higher  th  in  lh;it  ot  the  ocean,  in  the  same  parallel  (25*^  lat.V  find 
a  large  proportion  of  this  warmth  is  retained,  even  where  liie  stream 
reaches  the  43°  N.  hit.  After  issuing  from  the  Straits  of  Florida,  the 
current  runs  in  a  northerly  direction  to  Cape  Hattems,  in  Xorth  Caro- 
lina, about  35°  N.  lat.,  where  it  is  more  than  seventy  miles  broad,  and 

•  Ooomdt  the  map  of  Chimnis  by  Ospt  F.  Bsechy,  B.  ST.,  Adnursllj  Manual, 
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fitOl  moves  at  the  rate  of  seventy-five  miles  pnr  day.  la  about  the  40* 
N.  lat..  it  is  tum<ul  more  towards  the  Atlantic  by  the  extensive  banks 
of  Nantucket  and  St.  George,  which  are  from  200  to  300  feet  beneath 
the  surface  of  the  sea ;  a  clear  proof  that  the  current  exceeds  that  depth. 
Ob  niriving  near  the  Azores,  the  stream  widens,  and  overflows,  as  H 
wife,  formnig  a  large  ezpenae  of  warm  water  id  the  centre  of  the  Korth 
Athade,  over  a  space  of  200  or  800  miles  from  north  to  south,  and 
hsfing  a  temperature  of  from  8^  to  10^  Fahr.  above  the  sunoiinding 
ceoB.  The  whole  arai,  covered  hy  the  Oulf  waten  is  estimated  by 
Hmnell  at  8000  miles  in  length,  and,  at  a  mean,  860  miles  in  breadth ; 
la  ilea  more  extensive  than  that  of  the  Mediterranean.  The  warm 
vster  hss  been  sometimes  known  to  reach  the  Bi^  of  Biscay,  still  re- 
tainiDg  five  degrees  of  temperature  above  that  of  the  adjoining  ocean ; 
lad  a  brsoeh  of  the  Gulf  current  occasionally  drifta  fruits,  plants,  and 
wood,  the  produce  of  America  and  the  West  Indies,  to  the  shores  of 
IrelsBd  and  the  Hebrides. 

From  the  above  sUUements  we  may  understand  why  Ronnell  has 
characterized  some  of  the  principal  currents  as  oceanic  livf^r*;,  which  he 
deteribes  as  being  from  50  to  250  miles  in  breadth,  and  having  a 
rapidity  exceeding  that  of  the  largest  navigable  rivere  of  the  continents, 
.ind  so  deep  as  to  be  sometimes  obstructed,  and  occasionally  turned 
tside,  by  banks,  the  tops  of  which  do  not  rife  within  forty,  fifty,  or 
even  one  Inmdred  fathoms  of  tli«'  surface  of  the  sea.* 

Greatest  velocity  of  currents, — The  ordinary  velocity  of  the  principal 
currentii  of  the  ocean  is  from  one  U>  tlnee  miles  per  hour;  but  when 
the  l:Ktundary  lands  conver<^'e,  lar^re  bodu  s  of  water  are  driven  gradually 
into  a  n  trrow  space,  and  then  wanting  lateral  room,  are  compelled  to 
m^e  their  level.     Whenever  this  occurs  their  velocity  is  much  in- 
creaised.    The  current  which  runs  t  hruuo:h  the  Race  of  Aldernev,  be- 
tween  the  island  of  tlutt  munv.  and  the  main  land,  has  a  velocity  of 
tbout  eight  English  miles  an  hour.    Captain  ilevvett  found  that  in  the 
Peotiand  Firth,  the  stream,  in  ordinary  spring  tides,  runs  ten  miles  and 
a  half  ao  hour,  and  about  thuieen  idles  during  violent  storms.  The 
greMest  velocity  of  the  tidal  current  through  the  ''Shoots'*  orKew 
FlHBSge,  in  the  Bristol  Channel,  is  fourteen  English  milea  an  hour; 
sad  Osptain  Sing  observed,  in  his  survey  of  the  Straits  of  Mage]]an» 
ibat  tiie  tide  ran  at  thj»  same  inte  through  the  '*  Fint  Nairows,**  and 
about  eight  geographical  miles  an  hour,  in  otiier  parts  of  those  straits. 

dnuess  cf  eumnlf That  movements  of  no  inconsiderable  msgni- 
tads  ahonld  be  unpressed  on  an  ezpansive  ocean,  by  winds  bbwing 
iw  maB^  months  in  one  dhrection,  may  easily  be  eoaceived,  when  we 
shsuit  tbe  rflfecls  produced  in  our  own  seas  by  the  temporary  action 
if  the  same  cause.  It  is  well  known  that  a  strong  southwest  or  north- 
west wind  invariably  raises  the  tides  to  an  unusual  height  along  the 
vert  eoaal  of  Enghmd  and  in  the  Channel ;  and  thai  a  northwest  wind 

*  fieonell  oo  Ourrsnta,  p.  SB. 
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of  any  conAmnanoe  causes  the  Baltio  to  rise  two  lee(  and  upwardi 
above  ite  ordinary  le?el.  Smeaton  ascertained  by  experiment,  that  ia 
a  canal  four  miles  in  length*  (he  wator  was  kept  up  four  inches  higher 
at  one  end  than  at  the  other,  merely  by  the  action  of  the  wind  alono^ 
the  canal ;  and  Rennell  informs  us  that  a  large  piecf^  of  wnter,  ten 
miles  broad,  and  generally  only  ihree  feet  deep,  has,  by  ;i  suoivji;  wind, 
had  its  waters  drivea  to  one  side,  and  sustained  80  as  to  become  six 
feet  deep,  while  the  windward  side  was  laid  dry.* 

As  water,  therefore,  he  observes,  when  pent  up  so  that  it  cannot 
escape,  acquires  a  higher  level,  so,  in  a  place  where  it  can  escape,  the 
same  operation  produces  a  current ;  and  this  current  will  extend  to  a 
greater  or  less  distance,  according  to  the  foroe  by  which  it  is  prodneed. 
By  the  side  of  the  principal  oceanie  enirents*  such  as  the  LagnDaa  and 
the  Golf  Stream,  are  parallel  "  coonter-oiinenCa*'  nmning  steadily  m  an 
opposite  direotioD. 

Currents  flowing  alternately  in  opposite  directions  are  oceaaioned  by 
the  rise  and  &11  of  the  tides.  The  eflfoct  of  thb  cause  »,  as  befote 
observed,  most  striking  in  estuaries  and  chaaneb  between  islands. 

A  third  cause  of  ooeuiic  currents  is  evaporation  by  solar  heat,  of 
which  the  great  ounrenl  setting  through  the  Straits  of  Gibraltar  into  the 
Mediterranean  is  a  remarkable  example,  and  will  be  fully  considered 
in  the  next  chapter.  A  stream  of  colder  water  also  flows  from  the 
Black  Sea  into  the  Medit»'rran(  :in.  It  must  happen  in  manv  other 
part*?  of  tli(;  world  that  large  quantities  of  water  niisod  from  one  tnct 
of  the  ocean  by  solar  heat,  are  carried  to  some  other  where  iht;  v.tpor 
is  condensed  and  falls  in  the  shape  of  rain,  and  this,  in  flowing  back 
again  to  restoi'e  equilibrium,  will  cause  sensible  currents. 

These  considerations  naturally  lead  to  the  inquiry  whether  the  level 
of  those  seas  out  of  which  currents  flow,  is  higher  than  that  of  seas  into 
which  they  flow.  If  not,  the  effect  must  be  immediately  equaluBed  by 
under-cunfenta  or  counter  ^cunents.  Arago  of  opmion  that,  so  fiur  as 
obsenrationB  have  gone,  there  are  no  exact  proofs  of  any  such  difier- 
ence  of  lord.  It  was  inferred  from  the  measurements  of  If.  Lep^  that 
the  lerel  of  the  Meditetnmean,  near  Alexandria,  was  lower  by  26  feet  9 
inches,  than  the  Red  Sea  near  Suet  at  low  water,  and  about  30  feet 
lower  than  the  Red  Sea  at  the  same  place  at  high  water,f  but  Mr. 
Robert  Stevenson  affi*^,  as  the  result  of  a  mq^e  recent  survey,  that 
there  is  no  difference  of  ACvel  between  the  two  seas.^ 

It  was  formerly  imagined  that  there  was  an  equal,  if  not  greater, 
diversity  in  the  relative  leveb  of  the  Atlantic  an  !  Pacific,  on  the  oppo- 
site sides  of  the  Isthmus  of  Panama.  lUit  the  ievellintrs  carried  across 
that  isthmus  by  Capt.  Lloyd,  in  1828,  to  ascertain  the  relative  height 
of  the  Pacific  Occfan  at  Panama,  and  of  the  Atlantic  at  the  mouth  ot 
the  river  Chagres,  have  shown,  that  the  difference  of  mean  level  be* 

*  Ronnell  oa  the  Cbannel  current.  f  An.  dnBiummdw  Long. 

X  SecoDd  fsrIiaiiMnUrj  Asport  m  BtMm  Oommunicstioii  with  Indis»  Jolj 
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twwo  those  oceans  is  not  considerable,  and,  contrary  to  expectiition,  the 
difference  which  does  exist  is  in  favor  of  the  greater  height  of  the  Pacific. 
According  to  thb  torvej,  the  mesn  he%1it  of  tlie  Padfie  is  three  feet 
nd  a  h«lfp  or  8*99  above  the  Athmtic,  if  we  asstime  the  mean  level  of  a 
aea  to  coincide  with  the  mean  between  the  extremes  of  the  elevation 
and  deprettkm  of  the  tides ;  for  between  the  extreme  levds  of  the 
grestert  ddes  in  the  Padfie,  at  Panama*  there  is  a  diffemoe  of  29*44 
feet;  sod  at  the  usual  spring  tides  21*22  feet;  whereas  at  Chagres 
this  diSerenoe  Is  only  1*10  feet,  and  is  the  same  at  all  seasons  of  the 
3fesr. 

The  tides,  in  short,  in  the  Caribbean  Sea  are  scareely  perceptible,  not 

equalling  those  in  some  parts  of  the  Mediterranean,  whereas  the  rise  is 
rerr  hii^h  in  the  Bay  of  Panama ;  so  that  the  Pacific  is  f»t  higli  tide 
bft»'d  up  several  feet  above  the  surface  of  the  Gulf  of  Mexico,  and  tlicn 
at  low  water  let  down  as  far  below  it.*  But  astronomf>rs  are  norced 
tiiat,  on  mathematical  principles,  the  rise  of  the  tidal  wave  above  iho 
mean  level  of  a  particular  sea  must  be  ^ater  than  the  fall  below  it ; 
and  although  the  diflerence  has  been  hitherto  supposed  insufficient  to 
cause  an  appreciable  error,  it  is,  nevertheless,  worthy  of  observation, 
error,  such  as  it  may  be,  would  tend  to  rednee  the  small  differ- 
enee,  now  inferred,  from  the  observations  of  Mr.  Lloyd,  to  exist  between 
tiie  levels  of  the  two  -oceans. 

There  is  still  another  way  in  which  heat  and  cold  must  occasion  great 
novements  in  tHs. ocean,  a  cause  to  which,  perhaps*  ovvnHits  are  prin- 
eipslly  doe.  Whenever  the  temperature  of  the  surface  of  the  sea  is 
tower«d,  condensation  takes  jihu  e,  and  the  superficial  water,  having  its 
ipecific  gravity  increased,  falls  to  the  bottom,  upon  which  lighter  water 
rises  immediately  and  occupies  its  place.  When  this  circulation  of 
asfpndinn;'  and  descending  currents  has  o^one  on  for  a  certain  time  in 
liigh  latitudes,  the  inferior  parts  of  the  sea  are  made  to  consist  of  colder 
or  heavier  1?  jid  than  the  corre.sp'^nflinL;  depths  of  the  ocean  between  the 
tropics.  If  ihere  be  a  free  coiuiiiunication,  if  no  chain  of  submarine 
mountains  divide  the  polar  from  the  e^juatorial  basins,  a  horizonlal  move, 
ment  v>i\\  arise  by  the  tlowing  of  colder  waier  liuin  the  poles  to  the 
equator,  and  there  will  then  be  a  reflux  of  warmer  superficial  water 
from  the  equator  to  the  poles.  A  well-known  experiment  has  been  ad- 
daoed  to  ducidate  jthb  mode  of  action  in  explanation  of  the  "  trade 
vi]idi."f  If  a  leug  trough,  divided  in  the  middle  by  n  sluice  or  parti- 
tion, hsve  one  end  filled  with  water  and  the  other  with  quicksilver,  both 
fluids  will  remain  quiet  so  long  as  they  sre  divided ;  but  when  the  sluice 
is  drawn  up,  the  heavier  fluid  will  rush  along  the  bottom  of  the  trough, 
vhile  the  lighter,  being  displaced,  will  rise,  and,  flowing  in  an  opposite 
direcdon,  spread  itself  at  the  top.  In  like  manner  the  expansion  and 
^oatTBction  of  sea-water  by  heat  and  cold*  have  a  tendency  to  set  un- 

•Riil.  Trar.a.  1830,  p.  69. 

\  He«  Capt  B.  Uall,  On  Theory  of  Trade  Winds.  KragnMnis  cf  Toy.aeoood 
■ttio^  ToL  i,  and  Appendix  to  BsnieU's  M«(e«rolggy. 
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der-currents  in  motion  from  the  poles  to  the  equator,  and  to  cauM 
count<'r-curronts  at  the  surface,  wliich  are  impelled  in  a  direction  con- 
trary' to  that  of  the  prcvuihng  trade  winds.  The  geographical  and 
other  circumstances  being  vcrj'  complicated,  we  cannot  expect  to  trace 
separately  the  morements  due  to  each  cause,  but  must  be  prepared  iiMr 
niaiij  anomilies,  (  specially  as  the  oonfiguration  of  the  bed  of  tbe  oeein 
must  often  modify  and  interfere  with  the  course  of  the  mferior  cuirento, 
as  much  as  the  poaicion  and  form  of  cootinenta  and  ulanda  alter  the  di- 
rection of  those  on  the  surface.  Thua  on  aonnding  at  great  depths  in 
the  Mediterranean,  Captains  Berard  and  D'Urville  have  found  that  the 
cold  does  not  mcreaae  in  a  high  ratio  as  m  the  tropical  regions  of  the 
ocean,  the  thermometer  remaining  fixed  at  about  65*^  F.  between  the 
depths  of  1000  and  6000  feet  This  might  have  been  anticipated,  at 
Captam  Smyth  in  his  survey  had  shown  that  the  deepest  part  of  the 
Straits  of  Gibraltar  is  only  1320  feet,  so  that  a*  submarine  barrier  exists 
there  which  must  prevent  the  influx  of  any  under^current  of  the  oeein 
cooled  by  polar  ice. 

Each  of  the  four  causes  above  mentioned,  the  wind,  the  tides,  evapo- 
ration, and  the  expansion  and  ootitract:<  n  f  water  by  heat  and  cold, 
may  be  conceived  to  operate  independently  of  the  others,  and  although 
the  influence  of  all  the  rest  were  annihilated.  But  there  is  another 
cause,  the  rotation  of  the  earth  on  its  axis,  which  can  only  come  into 
plav  when  the  waters  liave  already  heen  set  in  motion  hv  some  one  or 
all  of  the  forces  above  described,  and  when  the  direction  of  the  cur- 
rent so  raised  happens  to  be  from  t^uth  to  north,  or  irom  north  to 
'  south. 

The  principle  on  which  this  cause  operates  is  probably  familiar  to  the 
reader,  as  it  luis  long  heen  n'coi^Miizcd  in  the  case  of  the  trade  w  inds. 
Without  enlarging,  therefore,  on  the  theory,  it  will  be  sufficient  to  otf'  r 
an  example  of  the  mode  of  action  alluded  to.  When  a  current  flows 
from  die  Cape  of  Good  Hope  towards  the  Gulf  of  Guinea,  it  coasists  of 
u  mass  oi  waier,  which,  on  doubling  the  Cape,  in  lat.  35°,  has  a  rota- 
tory velocity  of  about  800  miles  an  hour  ;  but  when  it  reaches  the  line, 
where  it  turns  westward,  it  has  arrived  at  a  parallel  where  the  surface 
of  the  earth  is  whirled  round  at  the  rate  of  1000  miles  an  hour,  or 
about  200  miles  faster.  If  this  great  mass  of  water  was  transfemd 
suddenly  from  the  higher  to  the  lower  latitude,  the  deficiency  of  its  n>* 
tatory  motion,  rehitively  to  the  land  and  water  with  which  it  would 
come  into  juxtapoution,  would  be  such  as  to  cause  an  apparent  motion 
of  the  most  rapid  kind  (of  no  less  than  200  miles  an  hour)  from  east 
to  west« 

In  the  case  of  such  a  sudden  transfer,  the  eastern  coast  of  America, 
being  carried  round  in  an  opposite  direction,  might  strike  against  a  large 
body  of  water  with  tremendous  violence,  and  a  considerable  part  of  the 
eonttnent  might  be  submerged.  This  disturbance  does  not  occur,  be* 
cause  the  water  of  the  stream,  as  it  advances  gradually  into  new  aoDCC 
of  the  sea  which  are  moving  more  rapidly,  acquires  by  friction  an  ao» 
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ctlerated  velocity.  Yet  as  this  motion  is  not  imparted  instantaneously, 
Ike  fluid  n  unable  to  keep  up  with  the  fall  speed  of  the  new  surface 
over  which  it  ie  snecesavely  hrooght.  Hme»  to  borrow  the  language 
of  Henehd,  when  he  ipeaks  of  the  trade  winds,  "it  lags  or  hangs  back, 
iasdirNlion  opposite  to  the  eartVa  rotation,  that  b,  from  eaat  to 
«6«t,*'*  and  thus  a  current,  which  wonld  haye  run  eiiAply  towards 
tbe  Borth  bat  for  the  rotatkin,  may  acquire  a  relative  direction  towards 
^west 

We  may  next  consider  a  case  where  ihe  drcumstancee  are  the  con- 
verse of  the  above.  The  Quif  Stream  flowing  from  about  lat.  20^  is  at 
iiit  impressed  with  u  velocity  of  rotation  of  about  940  miles  an  hour, 

and  runs  to  the  lat.  40°,  where  the  earth  revolves  only  at  the  rate  of 
966  miles,  or  174  miles  slower.  In  this  case  a  relative  motion  of  an 
Qppoiite  kind  may  result;  and  the  current  mny  retain  an  excess  of  rota> 
tory  vebcity,  tending  continually  to  deflect  it  eastward.  Polar  currents, 
therefore,  or  those  flowing  from  hi'j(\)  to  low  latitudes,  are  diivon  towards 
the  ei«.tf'm  shores  of  pontincnts,  whili;  tropical  currents  flowing  towarda 
the  polt  s  arc  ilirrctod  ML^ainst  their  western  shores. 

Thus  it  will  be  seen  that  currents  depend,  like  the  tides,  on  no  tem- 
pi)fur?  or  accidental  circumstances,  but  on  the  laws  which  preside  over 
the  m<'tions  ot'  the  heavenlv  Vndios.  But  allhoujih  the  sum  of  their 
influrnc  in  altc'ring  the  surlace.  of  the  earth  may  be  very  constant 
thfougbuut  successive  epochs,  yet  the  points  where  these  operations  are 
displayed  in  fullest  encrt;y  ^hitt  perpetually.  The  heii^ht  to  which  the 
tides  rise,  and  the  violence  and  velocity  of  currents,  depend  in  a  great 
measure  on  the  actual  configuration  of  the  land,  the  contour  of  a  long 
fisQ  of  continental  or  insular  coast,  the  depth  and  breadth  of  channels, 
the  peeoHar  form  of  the  bottom^  of  seas — in  a  word,  on  a  eombinatk>n  of 
ditumstanoea  whieb  are  made  to  vary  continually  by  many  igneous  and 
aqueous  causes,  and,  amongst  the  rest,  by  the  tides  and  currents  them- 
•dvea.  Although  these  agents,  therefore,  of  decay  and  reproduction  are 
lesal  in  reference  to  periods  of  short  duration,  such  as  those  which  history 
efltbraees,  they  are  nevertheless  uaiversa],  if  we  extend  our  views  to  a 
saffieieot  lapse  of  ages. 

Jk^reynuf  and  iramporting poiwtr  €f  mrmfe. — ^After  these  prelim- 
ioary  remarks  OH  the  nature  and  causes  of  currents,  their  velocity  and 
diTHition,  we  may  next  consider  their  action  on  the  solid  materials  of  the 
earth.  We  shall  find  that  their  eff"orts  are,  in  many  respects,  strictly 
analogous  to  those  of  rivers.  I  have  already  treated  in  the  third  chap- 
ter, of  the  manner  in  which  currents  sometimes  combine  with  ice,  in 
cirrying  mud.  pebb^s,  and  larire  frai^ments  of  rock  to  jj^reat  distances. 
Their  operations  nro  more  concealed  from  our  view  than  those  of  rivers, 
but  ^  I  tend  over  wider  areas*  and  are  therefore  of  more  geological 
tmpHtaoce. 

WoiU  of      Brilkh  eoatU, — Shetland  Islands.— ii  wo  follow  the 
*  Treatise  on  Aatrooomy,  cbap.  & 
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eastern  and  Boutbem  shores  dC  tbe  Britisli  islands,  from  <nir  UlCiios 
Thule  m  SketlAnd  to  the  Land's  End  in  Coniwall,  we  shall  find  evidenoe 
of  a  series  of  changes  smoe  the  histctneal  era,  very  illnstntiTe  of  the 
kind  and  degree  of  force  eierted  hj  tides  and  enrreots  cooperating  with 
the  waves  of  the'^sea.  In  this  stinrey  we  shall  haTe  an  opportonity  el 
tracing  their  joint  power  on  islands,  promontorieSt  bays,  and  estuaries ; 
on  bold,  lofty  cliffs,  as  well  as  on  low  shores ;  and  on  every  deseiiption 
of  rock  and  soil,  from  granite  to  blown  sand. 

The  northernmost  group  of  the  British  islands,  the  Shetland,  are  com« 
posed  of  a  great  variety  of  rocks,  including  granite,  gneiss,  mica-slate, 
serpentine,  greenstone,  and  many  others,  with  some  ^^erondar)-  rocks, 
chiefly  sandstone  and  conglomerate.  These  islands  are  exposed  contin- 
ually to  the  uncontrolled  violence  of  the  Atlantic,  for  no  land  intorvenns 
between  their  western  shores  and  America.  Tlie  prevalence,  therefore, 
of  strong  westerly  gales,  causes  the  waves  to  be  sometimes  driven  with 
irresistible  force  upun  tlic  coast,  while  there  is  also  ik  current  setting  from 
the  north.  The  spray  of  tbe  sea  aids  the  decomposition  of  the  rocks, 
and  prepares  them  t6  be  breached  by  the  mechanical  force  of  the  wavet. 
Steep  diflb  are  hollowed  out  into  deep  caves  and  lofty  arches ;  and  almost 
every  promontory  ends  in  a  cluster  of  rochs,  imitating  the  forms  of 
columns,  pinnacles,  and  obelishs. 

Jhiflmg  cf  large  mauu  cf  rodt, — ^Modern  observations  show  that  the 
.  reduction  of  continuous  tracts  to  such  insular  masses  is  a  process  in 
^^  l lich  nature  is  still  actively  engaged.  "  The  isle  of  Stenness,"  says  Dr. 
Uibbert,  "  presents  a  scene  of  unequalled  desoktioa.  In  stormy  winters, 
huge  blocks  of  stones  are  overturned,  or  are  removed  from  their  native 
beds,  and  hurried  up  a  slight  acclivity  to  a  distance  almost  incredible. 
In  the  winter  of  1802,  a  tnhiilar-shaped  mass,  eight  feet  two  inches  by 
seven  feet,  and  five  feet  one  mch  thick,  was  dislodged  from  its  bed,  and 
removed  to  a  distance  of  from  eirrhty  to  ninety  feet.  1  measured  tlu; 
recent  bed  from  which  a  block  had  been  carried  awav  tlie  precedinir 
winter  (a.  d.  1818),  and  found  it  to  be  seventeen  feet  and  a  h.iU  by 
seven  feet,  and  the  depth  two  feet  eight  inches.  Tbe  removed  ma&s  had 
been  borne  to  a  distance  of  thirty  feet,  when  it  was  shivered  into  thir- 
teen or  more  lesser  fragments,  some  of  which  were  carried  stQl  farther, 
from  80  to  180  feet.  A  block,  nine  feet  two  niches  by  six  feet  and  a 
half,  and  four  feet  thick,  was  hurried  up  the  acclivity  to  a  dbtsnce  of 
160  fee- 

At  Northmavine,  also,  angular  blocks  of  stone  have  been  removed  in 
a  similar  manner  to  considerable  distances  by  the  waves  of  the  sea»  some 

of  which  are  represented  in  the  annexed  figure. 

Effects  of  lightninr/. — In  addition  to  numerous  examples  of  masses 
detached  and  driven  by  the  waves,  tides,  and  currents  from  their 
place,  some  remarkable  effects  of  ligbtoiog  are  recorded  in  tbesa 

•  Depcrip.  of  Slictlftn<1  Wand«,  p.  5?7,  Edin.  1822,  to  xvhich  work  I  sm  i» 
debtcd  for  tiie  fulluwing  representatioua  of  rocks  in  the  Shetlaod 
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isles.  At  Funzie,  in  Fetlar,  about  the  middle  of  the  last  ceotuiy,  a 
rock  of  mica-scbist»  106  feet  long,  ten  feet  broad,  and  in  some  places 

four  ftvt  tliiek,  was  in  an  instant  torn  by  a  flash  of  lightning  from  its 
bed,  and  broken  into  three  large  and  several  smaller  fragments.  One 
of  tiiese,  twenty-six  feet  long,  ten  feet  broad,  and  four  feet  thick,  was 
simply  turned  over.  The  second,  which  was  twenty-eight  feet  long, 
sevontein  broad,  and  five  feet  in  thickness,  was  hurled  across  a  high 
point  to  the  distance  of  fifty  yards.  Another  broken  mass,  about  forty 
feet  long,  was  thrown  still  farther,  but  in  the  same  direction,  quite  into 
the  sea.  There  were  also  many  smaller  fragments  scattered  up  and 
down.* 

When  we  ihw  see  electricity  co-operatiiig  with  the  violent  move- 
nents  of  the  ocean  m  heaping  up  piles  of  shattered  rocks  on  dry  land 
and  beneath  the  wsten,  we  cannot  but  admit  that  a  region  which  shaQ 
be  the  theatre,  for  myriads  of  ages,  of  the  action  of  snch  disturbing 
eaases,  might  present,  at  some  future  period,  if  upraised  far  above  the 
bosom  of  the  deep,  a  scene  of  havoc  and  ruin  that  may  compare  with 
soy  now  found  by  the  geologist  on  the  surface  of  our  continents. 

In  some  of  the  Shetland  Isles,  as  on  the  west  of  Meikle  Roe,  dikes,  or 
veins  of  soft  granite,  have  mouldered  away ;  while  the  matrix  in  which 
they  were  inclosed,  bemsr  of  the  same  substance,  but  of  a  firmer  tex- 
ture,  has  remained  unaltered.  Thus,  long  narrow  ravines,  sometimes 
twenty  feet  wide,  are  laid  open,  and  often  t^ive  access  to  the  waves. 
After  describing  some  huge  cavernous  aj)ertures  into  which  the  sea 
flows  for  250  feet  in  Roeness,  Dr.  llibbert,  writing  in  1822,  enumerates 
other  ravages  of  the  ocean.    "  A  mass  of  rock,  the  average  dimensions 

which  may  perhaps  be  rated  at  twelve  or  ihirken  feet  square,  and 
four  and  a  half  or  five  in  thickness,  was  first  moved  from  its  bed,  about 
fifty  years  ago,  to  a  distance  of  thirty  feet,  and  has  since  been  twioe 
♦•niied  over." 

Pmagtfofctd  hyiktiea  ihrough  porphyriUe  rodt$. — "  But  tbe  most 
■•^jfiine  aeene  is  where  a  moral  pile  of  porphyry,  escaping  the  process 


*  Dr.  Hibbert,  from  liSS.  of  Bev.  Osoige  Low,  of  Fetlar. 
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of  disintegration  that  is  devastating  the  coast,  appears  to  have  been  lefl 
as  a  sort  of  rampart  against  the  inroads  of  the  ocean; — the  Atlantic, 
when  provoked  by  wintry  gales,  batters  against  it  with  all  the  force  ol 
real  artillery — the  waves  having,  in  their  repeated  assaults,  forced  them- 
selves an  entrance.  This  breach,  named  the  Grind  of  the  Navir  (6g. 
28),  is  widened  every  winter  by  the  overwhelming  surge  that,  finding  a 


Fig.  28. 


Orind  of  the  Navir— paaaige  forced  by  the  aoa  Ihroagh  rocks  of  bard  porpbjry. 


passage  through  it,  separates  large  stones  from  its  sides,  and  forces 
them  to  a  distance  of  no  less  than  180  feet.  In  two  or  three  spots, 
the  fragments  which  have  been  detached  are  brought  together  in  im- 
mense heaps,  that  appear  as  an  accumulation  of  cubical  masses,  the 
product  of  some  quarry."* 

It  is  evident  from  this  example,  that  although  the  greater  indestructi- 
bility of  some  rocks  may  enable  them  to  withstand,  for  a  longer  time, 
the  action  of  the  elements,  yet  they  cannot  permanently  resist.  There 
are  localities  in  Shetland,  in  which  rocks  of  almost  every  variety  of 
mineral  composition  are  suffering  disintegration  ;  thus  the  sea  makes 
great  inroads  on  the  clay  slate  of  Fitfel  Head,  on  the  serpentine  of  the 
Vord  Hill  in  Fetlar,  and  on  the  mica-schist  of  vne  Bay  of  Triesta,  on 
the  east  coast  of  the  same  island,  which  decomposes  into  angular  blocks. 
The  quartz  rock  on  the  east  of  Walls,  and  the  gneiss  and  mica-schist  of 
Garthness,  suffer  the  same  fate. 

Destruction  of  islands. — Such  devastation  cannot  be  incessantly  com- 
mitted for  thousands  of  years  without  dividing  islands,  until  they  become 
at  last  mere  clusters  of  rocks,  the  last  shreds  of  masses  once  continuous. 
To  this  state  many  appear  to  have  been  reduced,  and  innumerable 
fantastic  forms  are  assumed  by  rocks  adjoining  these  islands  to  which 
the  name  of  Drongs  is  applied,  as  it  is  to  those  of  similar  shape  in  Feroe. 

•  Hibbert,  p.  528. 
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Tlie  granite  rocks  (fig.  29),  between  Papa  Stour  and  Hillswick  Nest 
afford  an  example.    A  still  more  singular  cluster  of  rocks  is  seen  to 

Fiff.  29. 


Onuiitic  rocks  named  tlie  Drungs,  between  I'spa  Stour  ind  HiUswtck  NeM. 


Ihc  south  of  Hillswick  Ness  (fig.  30),  which  presents  a  variety  of  forms 
as  viewed  from  different  points,  and  has  often  been  likened  to  a  small 
fleet  of  vessels  with  spread  sails.*    We  may  imagine  that  in  the  course 


Onnitic  ruckB  to  the  soatb  of  Uillswick  Ncm,  Shetland. 


of  lime  Hillswick  Ness  itself  may  present  a  similar  wreck,  from  th<» 
unequal  decomposition  of  the  rocks  whereof  it  is  composed,  consisting  of 
gneiss  and  mica-schist  traversed  in  all  directions  by  veins  of  felspar- 
porphyry. 

Midway  between  the  groups  of  Shetland  and  Orkney  is  Fair  Island, 
said  to  be  composed  of  sandstone  with  high  perpendicular  cliffs.  The 
current  runs  with  such  velocity,  that  during  a  calm,  and  when  there  is 
no  swell,  the  rocks  on  its  shores  are  white  with  the  foam  of  the  sea 
driven  against  them.   The  Orkneys,  if  carefully  examined,  would  prob- 

•  Hibbert,  p.519. 
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ably  ffluslRite  our  present  topic  as  miich  as  ih4»  Shethmd  group.  The 
northeast  promontory  of  Sanda»  one  of  these  islands,  hem  heen  ent  off  ip 
modem  times  by  the  see*  so  that  It  became  what  is  now  caUed  Start 
Ishind,  whom  a  lighthouse  was  erected  m  1807,  suiee  whieh  time  th» 

new  strait  has  grown  broader. 

JSast  coast  of  Scotland. — To  pass  over  to  the  main  la  ml  i  f  Scotland* 
wc  find  that  in  Invemess-shire  there  have  been  inroada  of  the  sea  at 
Fort  George,  and  others  in  Morayshire,  which  have  swept  away  the  old 
town  of  FindhoiTi.  On  the  coast  of  Kincardineshire,  an  illu>tration  was 
afforded  iit  the  close  of  the  last  century,  of  the  effect  of  promontories 
In  protecting  a  line  of  low  shore.  The  villan-e  of  Malhrrs,  two  miles 
south  of  Johnshaven,  was  built  on  an  ancient  shingle  beach,  protected 
by  a  projecting  ledge  of  limestone  rock.  This  was  quarried  for  lime  tc 
such  an  extent  that  the  nca  broke  through,  and  in  lido  carried  away 
the  whole  village  in  one  night,  and  penetrated  150  yards  inland,  where 
it  has  maintained  its  ground  ever  since,  the  new  village  having  been 
bnilt  farther  hiland  on  the  new  shore,  la.  the  bay  of  Montrose^  we  find 
the  North  Esk  and  the  South  Esh  rivers  pouring  annually  into  the  sea 
huge  quantities  of  sand  and  pebbles ;  jet  they  have  formed  no  deltas, 
for  the  waves,  aided  by  the  current,  setting  ^ross  then*  mouths,  sweep 
away  all  the  materials.  Considerable  beds  of  shingle,  brought  down  by 
the  North  Esk,  are  seen  along  the  beach. 

Proceeding  southwards,  we  learn  that  at  Arbroath,  in  Forfarshire, 
which  stands  on  a  rock  of  red  saiidstonc,  gardens  and  houses  have  been 
carried  away  since  the  commencement  of  the  present  centur}'^  by  en- 
croachments of  the  sea.  It  had  become  necessary  before  1828,  to 
remove  the  liglithouses  at  the  mouth  of  the  estuary  of  the  Tay,  in  the 
same  county,  at  Button  Ness,  whirh  wen'  I  uilt  on  a  tract  of  blown 
sand,  the  sea  having  enrnvu  lird  tor  liu  >  i  (|u  n  h  rs  of  a  mile. 

ForcB  of  waves  and  currents  in  esdiaxts. —  i'he  combined  power 
which  waves  and  currents  can  exert  in  fsfiiariea  (a  term  wiiich  I 
confine  to  bays  entered  both  by  rivers  aiul  the  tides  of  the  sea), 
WHS  remarkably  exhibited  during  the  building  of  the  Bell  Rock  Light- 
house, off  the  piottth  d  the  Tay.  'Shu  Bell  Bock  is  a  sunken  reef, 
consbting  of  red  sandstone,  being  from  twelve  to  sixteen  feet  under 
the  surface  at  high  water,  and  about  twelve  miles  from  the  main- 
land. At  the  dbtance  of  100  yards,  there  is  a  depth,  in  aU  directions 
of  two  or  three  fiithoms  at  low  water.  In  1807,  during  the  erection 
of  the  lighthouse,  six  laige  blocks  of  granite,  which  had  been  landed 
on  the  reef,  were  removed  by  the  force  of  the  sea,  and  thrown  over 
a  risbg  ledge  to  the  distance  of  twelve  or  fifteen  paces  ;  and  an  an- 
chor, weighing  about  22  cwt,  was  thrown  up  upon  the  rock.*  Mr.  Ste- 
venson informs  us  moreover,  that  drift  stones,  moastirinsf  upwards  ol 
thirty  cubic  feet,  or  m or c  than  two  tons'  weight.  h;ive,  during  8tonn% 
been  often  thrown  upon  the  rock  from  the  deep  water.f 

*  leeoant  of  Sraetioo  of  Bell  Rock  Ljdattamue,  pi  16l» 
t  Bd.  FhiL  Joora  vol  iiL    54^  ISSQt 


Digitized  by  Googl 


CkZDL] 


"WASTE  OF  KAhl  COAST  OF  E2<GLAND. 


303 


Suimarmt  fimU. — AnKnig  the  proofs  (hat  the  sea  has  encroached 

OD  the  land  bordering  the  estuary  of  the  Tay,  Dr.  Flying  has  mea- 
tioaed  a  submanne  forest  which  has  1^  n  traced  for  several  miles  aloog 

the  Dortbeni  shore  of  the  county  of  Fife.*  But  subsequent  surreys 
seem  to  have  shown  that  the  bed  of  peat  containing  tree-roots,  leaves, 
and  branches,  now  occurrinrr  at  a  lower  level  than  the  Tav,  mnst  have 
come  into  its  present  j>osition  by  a  general  sinking  of  the  ground  on 
which  the  forest  qrew.  The  peat-bed  alluded  to  is  not  confined,  says 
Mr.  Buist,  to  the  present  channel  of  the  Tay,  but  extends  far  beyond  it, 
an<i  is  covered  by  stratified  clay  from  fifteen  to  twenty-five  feet  in  thick- 
ncjis,  in  the  midst  of  which,  in  some  phices,  is  a  bed  full  of  sea-shells.f 
Recent  discoveries  having  establbhed  the  fact  that  upward  and  down- 
wsrd  movemento  have  affected  our  island  since  the  general  coast-line 
had  nearly  acquired  its  present  shape,  we  mast  hesitate  before  we  at- 
tribnts  any  given  change  to  a  single  cause,  anch  as  the  local  encroach' 
neat  of  the  sea  upon  low  land.  * 

On  the  coast  of  Fife«  at  St  Andrew's,  a  tract  of  land,  said  to  have 
intervened  between  the  castle  of  Cardinal  Beaton  and  the  sea,  has  been 
entirely  swept  away,  as  were  the  last  remains  of  the  Priury  of  Cnul,  in 
the  same  county,  in  1803.  On  both  sid^  of  the  Frith  of  Forth.  land 
has  been  consumed ;  at  North  Berwick  in  particular,  and  at  Newhaven, 
where  an  arsenal  and  dock,  buil^  in  the  r^n  of  James  IV.,  in  the  fif- 
teenth century,  has  been  overflowed. 

Ea.it  coast  of  Eiiglam}. — Tf  we  now  proceed  to  the  English  coast,  we 
find  ricords  of  numerous  lands  having  been  destroyed  in  Northumber- 
land, as  those  near  Bamborough  and  Holy  Island,  and  at  Tvnemouth 
Castle,  which  now  overhaiiLjs  the  sea,  although  formerly  separated  from 
it  by  a  strip  of  land.  At  Hartlepool,  and  several  other  p«rts  of  the 
cosat  of  Durham  composed  of  magnesian  limestone;  the  sea  has  made 
eoaaiderable  inroads. 

Coatl  nf  TwhMn, — ^Almost  the  whole  coast  of  Yorkshire,  from  the 
noath  of  the  Tees  to  that  of  the  Humber,  is  ra  a  state  of  gradual  dilap- 
idstioQ.  That  part  of  the  cliffs  which  oonnst  of  lias,  the  oolite  series* 
and  ehalk,  decays  slowly.  They  present  abrupt  and  naked  precipices, 
often  300  feet  in  height ;  and  it  is  only  at  a  few  points  that  the  gras^ 
co?ering  of  the  sloping  talus  marks  a  temporary  relaxation  of  the  erosive 
actioa  of  the  sea.  The  chalk  cliffs  arc  worn  into  caves  and  needles  in 
the  projecting  headland  of  Flamborough,  where  they  arp  decomposed 
by  the  salt  spray,  and  slowly  crumhh'  away.  But  the  waste  is  most 
ripid  b'  tween  that  promontory  and  Spurn  Point,  or  the  coast  of  Hol- 
tlerncss,  as  it  is  called,  a  tract  consisting  of  beds  of  clay,  gravel,  s!tnfi. 
and  chalk  rubblp.  The  irn^gular  intermixture  of  the  argillaceous  beds 
sauses  many  .-iptings  to  be  thrown  out,  and  this  fMciHtates  the  under- 
nming  process,  the  waves  beating  agamst  them,  and  a  strong  current 

•  Quart  Joum.  of  Sd.  <lbc.,  No.  xiii,     3.  March,  1830. 

f  BoMt,  Quart  Jonrn.  of  Agricult  No.  xIt.  p.  84,  June,  1889. 
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wetting  chiefly  from  tbe  north.  The  wasteful  action  is  very  conspSenoui 
at  Bimlington  Height,  the  loftiest  point  in  Holderaess,  where  the  heaeon 
stands  on  a  cliff  146  feet  above  high  wafer,  the  whole  being  composed 
of  clay,  with  pebbles  scattered  through  it*  For  many  years,'*  aays 
Professor  PhiUipSi  **tbe  rate  at  which  the  cliffs  recede  from  Brtdlbigton 
to  Spurn,  a  distance  of  thirty-siz  milesr  has  been  found  by  measurement 
to  equal  on  an  average  two  and  a  quarter  yards  annually,  which,  upon 
thirty-six  miles  of  coast,  would  amount  to  about  thirty  acres  a  year. 
At  this  rate,  the  roast,  the  mean  height  of  which  above  the  sea  is  about 
forty  feet,  has  lost  otic  mile  in  br«  tuith  since  the  Norman  Conquest,  and 
more  than  two  miles  since  the  occupation  of  York  (Eboracum)  hv  tho 
Romans."!  The  extent  of  this  denudation,  iis  estimated  bv  the  number 
of  cubic  feet  of  matter  removed  annually,  will  be  again  spoken  of  in 
chapter  22. 

In  the  old  maps  of  Yorkshire,  we  find  spots,  now  sand-banks  in  the  sea, 
marked  as  the  ancient  sites  of  the  towns  and  villages  of  Auburn,  Uart- 
burn,  and  Hyde.  "Of  Hyde,**  says  Pennant,  "only  the  tradition  is 
left;  and  near  the  village  of  Hornsea,  a  street  called  Hornsea  Beck  has 
long  since  been  swaUowed."|  Owthome  and  its  church  have  also  been 
in  great  part  destroyed,  and  the  vilhge  of  Kilnsea;  but  these  places 
are  now  removed  farther  inland.  The  annual  rate  of  encroachment  at 
Owthome  for  seveml  years  preceding  1 330,  is  stated  to  have  averaged 
about  four  yards.  Not  unreasonable  fears  are  entertained  that  at  some 
future  time  the  Spurn  Point  will  become  an  island,  and  that  the  ocean, 
enterinrr  into  tlie^ estuary  of  the  Humber,  will  cause  great  devastation,^ 
PeiHiant,  after  speaking  of  the  siltini^  up  of  some  ancient  ports  in  that 
estuary,  observes,  *'  But,  \n  return,  the  sea  has  made  most  ample  repri- 
sals :  the  site,  and  even  the  very  names  of  several  places,  once  towns 
of  note  upon  ilie.  Humber,  are  now  onlv  recorded  in  lusiory;  and 
Riivensper  wius  at  one  lime  a  rival  h>  Hull  (Mado.x,  Ant.  Kxeh.  i.  422), 
and  a  port  so  very  considerable  in  1332,  that  Edward  Baliol  and  the 
confederated  English  barons  sailed  from  hence  to  iiivade  ycutland ;  ami 
Henry  IV^  in  1399,  made  choice  of  this  port  to  land  at,  to  effect  the 
deposal  of  Richard  II. ;  yet  the  whole  of  this  has  long  siivse  been  de-' 
voured  by  the  merciless  ocean ;  extensive  sands,  dry  at  low  water,  are 
to  be  seen  in  their  stead."| 

Pennant  describes  Spurn  Head  as  a  promontoiy  in  the  form  of  a 
sickle,  and  says  the  land,  for  some  miles  to  the  nwtb,  was  *'  perpetually 
preyed  on  by  the  fury  of  the  German  Sea,  which  devours  whole  acres 
at  a  time,  anid  exposes  on  the  shores  considerable  quantities  of  beautifal 
amber." 

Lincolnshire. — The  maritime  district  of  Lincolnshire  consists  chiefly 
of  lands  that  lie  below  the  level  of  the  sea,  being  protected  by  embank 

♦  PhiUips'H  Geology  of  Yorkshire  p  f^l. 

1  Hirers.  Mouutaint,  and  Sea  coast  of  Yorkshire     122,  1853,  LoodoOi 

2  Arctic  Zoo1oip7.  toI  i  p.  10,  Introdnetini. 

^  Phillip^V  Gi'ul  of  York.  p.  AO. 
I  Arct  ZooL  vol  i.  p.  13,  Lntrod. 
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mbMl  Some  of  tbe  fm  trere  embanked  and  drained  by  tbe  Bomans ; 
bil  after  their  departare  tbe  sea  returned,  and  large  tracts  were  covered 
wHib  beds  of  sOt^  containing  marine  abeUs,  now  again  converted  into 
prodaetive  lands.  Many  dreadful  catastropbea  are  recorded  by  incur- 
MM  of  tbe  flea,  wberebj  fleTeral  paiisbes  bave  been  at  different  times 
ofcrvlielmed. 

Jr«r^.— Tbe  decay  of  tbe  elifia  of  Norfolk  and  Suffolk  is  ineeasaat. 
At  Hunstanton,  on  the  north,  the  undermining  of  the  lower  arenaceous 

Ms  at  tbe  foot  of  the  cliff,  causes  masses  of  red  and  white  chalk  to  be 
pndiiitsted  from  above.  Between  Hunstanton  and  Wey  bourne,  low 
Wky  or  dunes,  of  blown  sand,  are  formed  along  the  shore,  from  fifty  to 
dztf  feet  high.  They  are  composed  of  dry  sand,  bound  in  a  compact 
mm  by  the  long  creeping  roots  of  the  plant  called  Marram  {Arundo 
mnaria).  Such  is  the  present  set  of  the  tides,  that  the  harbors  of 
Clay,  Wells,  and  other  places  are  securely  defended  by  these  barriers  ; 
iffording-  a  clear  proof  that  it  is  not  the  slrenp^th  of  the  material  nt  par- 
ticalar  points  that  determines  wh^Hher  the  sea  shall  be  progressive  or 
stationary,  but  the  general  eont'Mii  of  the  coast. 

The  wavcii  constantly  xmdt'rrinin   the  low  rhalk  cliffs,  covered  with 
sAnd  and  clay,  between  Wcyboume  and  Slu  i tinghara,  a  ceitiun  portion 
of  ilicoi  being  annually  rotnoved.    At  the  latt^T  town  I  ascertained,  in 
1829,  gomfe  facts  which  tlii  nw  light  on  the  rate  at  which  the  ^.ea  trains 
Bpofi  the  land.    It  wjis  computed,  when  the  present  inn  was  built,  in 
hOo,  tliat  it  would  require  sevenU  y*  ;u\^  for  the  sea  to  reach  the  spot : 
lie  mean  loss  ot  land  being  calcuLited,  from  previous  observations,  to 
be  somewhat  less  than  one  yard,  annually.    The  distance  between  the 
himt  and  the  sea  was  fifty  yards ;  but  no  allowance  was  made  for  the 
dopeef  the  ground  being /rom  tbe  sea,  in  consequence  of  which  the 
ime  was  naturany  accelerated  evety  year,  as  tbe  cliff  grew  lower, 
there  bebg  at  each  succeeding  period  less  matter  to  remove  when  por- 
of  equal  area  fell  down.   Between  tbe  years  1624  and  1820,  no 
1m  than  seventeen  yards  were  swept  away,  and  only  a  small  garden 
was  then  left  between  the  building  and  the  sea.   There  was,  in  1829, 
a  depth  of  twenty  feet  (sufficient  to  float  a  frigate)  at  one  point  in  the 
bsrbor  of  that  port,  where,  only  forty-eight  years  before,  there  stood  a 
cfiff  fifty  feet  h^b,  with  bouses  upon  it!   If  once  in  half  a  century  au 
equal  amount  of  change  were  produced  suddenly  by  tbe  momentary 
shock  of  an  oartbquake,  hbtory  would  be  filled  with  records  of  such  won- 
derful revolutions  of  the  earth's  surface ;  but,  if  the  conversion  of  high 
land  into  do.  p  sea  be  gradual,  it  excites  only  local  attention.    The  flag- 
staff of  the  Preventive  Service  station,  on  the  south  side  of  this  harbor, 
VIS  dirice  removed  inland  between  the  yean  1614  and  1829,  in  conse- 
quence of  the  advance  of  the  sea. 

Farther  tx>  the  south  we  find  cliffs,  composed,  like  those  of  Hdider- 
Tsess  before  mentioned,  of  altematiDg  strata  of  blue  clay,  gravel,  loam, 
and  fine  Kind.  Although  they  sometimes  exceed  300  feet  in  height,  the 
ksToc  made  on  the  coast  is  mObt  formidable.   The  whole  site  of  ancient 
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Cromer  now  forms  part  of  the  German  Ocean,  the  inhabitants  having 
gradually  retreated  inland  to  their  present  situation,  from  whence  the 
sea  still  threatens  to  dislodge  them.  In  the  winter  of  1825,  a  fallen 
mass  was  precipitated  from  near  the  lighthouse,  which  covered  twelve 
acres,  extending  far  into  the  sea,  the  cliffs  being  250  feet  in  height.* 
The  undermining  by  springs  has  sometimes  caused  large  portions  of  ihp 
upper  part  of  the  cliffs,  with  houses  still  standing  upon  them,  to  give 
way,  so  that  it  is  impossible,  by  erecting  breakwaters  at  the  base  of  the 
cliffs,  peiTOanently  to  ward  off  the  danger. 

On  the  same  coast,  says  Mr.  R.  C.  Taylor,  the  ancient  villages  of 
Shipden,  Wimpwell,  and  Eccles  have  disappeared ;  several  manors  and 
large  portions  of  neighboring  parishes  having,  piece  after  piece,  been 
swallowed  up ;  nor  has  there  been  any  intermission,  from  time  imme- 
raorial,  in  the  ravages  of  the  sea  along  a  line  of  coast  twenty  miles  in 
length,  in  which  these  places  stood. f  Of  Eccles,  however,  a  monu- 
ment still  remains  in  the  ruined  tower  of  the  old  church,  which  is  half 
buried  in  the  dunes  of  sand  within  a  few  paces  (60  ?)  of  the  sea-beach 
(Cfif.  31).    So  early  as  1605  the  inhabitants  petitioned  James  I.  for  a 


Flp.  31. 


Tower  of  tlie  burled  Clmrch  of  Eccle^  Norfolk,  a.  d.  1S89. 

The  Inland  sIoimj  of  tho  bllla  of  blown  sand  Is  sbown  In  this  view,  with  the  lighthooae  of 

Uosborough  In  the  dbtancc 

reduction  of  taxes  as  300  acres  of  land,  and  all  their  houses,  save  fom- 
teen,  had  then  been  destroyed  by  the  sea.  Not  one  half  that  number 
of  acres  now  remains  in  the  parish,  and  hills  of  blown  sand  now  occupy 
the  site  of  the  houses  which  were  still  extant  in  1605.  When  I  visited 
the  spot  in  1839,  the  sea  was  fsist  encroaching  on  the  sand-hills,  and 
had  laid  open  on  the  beach  the  foundations  of  a  house  fourteen  yards 
square,  the  upper  part  of  which  had  evidently  been  pulled  down  before 
it  had  been  buried  under  sand.  The  body  of  the  church  has  also  been 
long  buried,  but  the  tower  still  remains  visible. 

•  Taylor's  Geology  of  East  Norfolk,  p.  32.  f  Ibid. 
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M.  E.  de  Beaumont  lias  sup^ofPst^d  tliat  sand-dunes  in  Holland  and 
other  countries  may  serve  as  nutarul  chronometers,  by  which  the  dale 
of  the  existing  coDtineots  may  be  ascertained.  The  sands,  he  says,  are 
coDtbualty  blown  inland  bj  tbe  force  of  tbe  winds,  and  by  obaerving 
the  rate  of  their  mareb  we  may  calculate  tbe  period  when  the  move- 
meat  commenced.*  But  the  eiample  jnst  given  will  satisfy  every  ge> 
dogist  that  we  cannot  ascertain  the  starting-point  of  dunes,  all  coasts 
baog  liable  to  waste,  and  the  shores  of  the  Low  Countries  In  particular, 
being  not  only  exposed  to  inroads  of  the  sea,  but,  as  M.  de  Beaumont 
himself  has  well  >hown,  havii^  even  in  historical  times  undergone  a 
chsnge  of  level.  The  dunes  may  indeed,  hi  some  cases,  be  made  use 
of  as  chronometers,  to  enable  us  to  assign  a  minimum  of  antiquity  to 
exi'-'inr^  coast-lines  ;  but  this  t(st  must  be  applied  with  t^'reat  caution,  so 
variable  is  the  rate  at  which  tlu'  sands  niav  advance  into  the  interior. 

Hills  of  blown  sand,  between  Eccle.s  and  Winterton,  have  barred  up 
and  excluded  the  tide  for  many  hundred  years  from  the  mouths  of 
several  small  estuaries  ;  but  there  are  records  of  nine  breaches,  from  20 
to  120  yards  wide,  having"  been  made  through  these,  by  which  immense 
daomge  wad  done  to  the  low  grounds  in  the  interior.  A  few  miles 
loath  q(  Happisburgh,  also,  are  hills  of  blown  sand,  which  extend  to 
Yarmouth.  These  dunet  afford  a  temporary  protection  to  the  coast, 
tad  sn  inland  cliff  about  a  mile  long,  at  Winterton,  shows  clearly  that 
at  that  point  the  sea  must  have  penetmted  formerly  farther  than  at 
present. 

Silling  up  cf  uiuarUt, — ^At  Yarmouth,  tbe  sea  has  not  advanced 
upon  the  sands  in  tbe  slightest  degree  since  the  reign  of  Elizabeth.  In 
the  time  of  the  Saxons,  a  great  estuary  extended  as  far  as  Norwich, 
wiuch  city  is  represented,  even  in  the  thirteenth  and  fourteenth  cento* 
ri«,  as  "situated  on  the  banks  of  an  arm  of  the  sea."  The  sands 
whereon  Yarmouth  i"?  built,  first  became  firm  and  habitable  r^round 
about  the  year  1008,  from  which  time  a  line  of  dunes  has  gradually  in- 
creaj^ed  in  height  and  breadt!>,  stretching  across  the  whole  entrance  (»f 
the  ancient  estuarv,  and  ub>trucLing  the  ingress  of  the  tides  so  com- 
pletely, that  they  are  onlv  admitted  hv  the  narrow  passage  which  the 
river  keeps  open,  and  w  hicii  has  gradually  slutted  several  miles  to  the 
loath.  The  ordinary  tides  at  the  river's  mouth  rise,  at  present,  only  to 
the  h^bt  of  three  or  four  feet,  the  spring  tides  to  about  eight  or  mne. 

By  the  exclusion  of  the  sea,  thousands  of  acres  in  the  interior  have 
hsoome  cultivated  hmds ;  and,  exclusive  of  smaller  pools,  upwards  of 
Kxty  freshwater  lakea  have  been  formed,  varying  in  depth  from  fifteen 
to  tiinty  feet»  and  in  extent  from  one  acre  to  twelve  hundred.f  The 
Tsie,  mid  other  rivers,  frequently  communicate  with  these  sheets  of 
vater ;  and  thus  they  are  liable  to  be  fiUed  up  gradually  with  lacus- 
triae  and  fluviatile  deposits,  and  to  be  converted  into  land  covered  with 

*  Di'  Beiitjmont,  O^olo^e  Pratique,  p.  218. 
t  Taylor's  OMkgy  of  Emti  llurfolk,  p.  10. 
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forests.  Yet  it  must  not  bu  imagined,  that  the  ocqatsition  of  new  land 
tit  for  cultivation  in  Norfolk  and  Suffolk  indicates  aoy  permaDent  groirth 
of  the  eastern  lunita  of  our  bland  to  compensate  ite  ratenled  Vm&L 
No  ddta  can  fonn  on  such  a  abore. 

Immediately  off  Yannonth,  and  parallel  to  the  shore*  is  a  great  nags 
of  sand-bankSy  the  shape  of  whicb  vanea  slowly  from  year  to  year,  sad 
often  suddenly,  after  great  storms.  Captain  Hewitt^  R>  N.,  found  la 
these  banks,  in  1836,  a  broad  channel  aixtj-five  feet  deep,  mhen  then 
was  ooiy  a  depth  ^  fonr  feet  dming  a  pnor  survey  in  1883.  The  m 
had  excavated  to  the  depth  of  sixty  feet  in  the  course  of  fourteen  yeftn, 
or  perhaps  a  shorter  period.  The  new  channel  thus  formed  serves  at 
present  (1838),  for  the  entrance  of  ships  bto  Yarmouth  Koads;  and 
the  magnitude  of  this  change  shows  how  easily  a  new  set  of  the  waves 
and  currents  might  endanger  the  submeigenoe  of  the  land  gained  witbia 
the  ancient  estuary  of  the  Ynrf-. 

That  great  banks  should  be  tJirown  across  the  mouths  of  estuaries  on 
our  eastern  coast,  where  there  is  not  a  large  body  of  rirer-water  to 
maintain  an  open  channel,  is  perfectly  intelligible,  when  we  bear  in  mind 
that  tlie  marine  current,  sweeping  alonir  the  coa!?t,  is  charged  with  the 
materials  of  wasting  chd's,  and  ready  to  form  a  bar  anywht  re  the  instant 
its  course  is  interrupted  or  cheeked  by  any  opposing  stream.  The  mouth 
of  the  Yare  has  been,  within  t)ie  last  five  centuries,  diverted  about  four 
miles  to  the  south.  In  like  niaiiner  it  is  evident  that,  at  some  remote 
period,  the  river  Aide  entered  the  sea  at  Aldborough,  until  its  ancient 
outlet  was  barred  up  and  at  length  transferred  to  a  point  no  less  than 
tea  miles  distant  to  the  southwest.  in  this  case,  ridejes  of  sand  and 
shingle,  like  those  of  Low^estoff  Ness,  which  will  be  described  by  and 
by,  have  been  thrown  up  between  the  river  and  the  sea ;  and  an  aO' 
cient  sea>eliff  is  to  be  seen  now  inland. 

It  may  be  asked  why  the  rivers  on  our  east  coast  are  alwaya  deflected 
aouthwttds,  although  die  tidal  current  flows  alternately  from  the  sooth 
and  north  t  The  cause  is  to  be^found  in  the  superior  foroe  of  wbst  is 
commonly  called  the  flood  tide  from  the  north/'  a  tidal  wave  derived 
from  the  Atlantic,  a  small  pert  of  which  passes  eastward  up  the  EogUdi 
Channel,  and  through  the  Straits  of  Dover  and  then  northwarda,  while 
the  principal  body  of  water,  moving  much  more  rapidly  in  a  more  open 
aea,  on  the  western  side  of  Britain,  first  passes  the  Orkneys,  and  then 
tuning,  flows  down  between  Norway  and  Scotland,  and  sweeps  with 
great  velocity  along  our  .eastern  coast.  It  is  well  known  that  the  high- 
est tides  on  this  coast  are  occasioned  by  a  powerful  northwest  wind, 
which  raises  the  eastern  part  of  the  Atlantic,  and  causes  it  to  poor  a 
greater  volume  of  water  into  the  German  Ocean.  This  circumstance  oi 
a  violent  off-shore  winr!  lacing  attended  with  a  rise  of  the  waters,  instead 
of  a  general  retreat  of  the  sea.  naturally  exciter  the  wonder  of  the  in- 
habitants of  our  coast.  In  many  districts  they  look  with  confidence  for 
a  rich  harvest  of  that  valnab1(>  manure,  the  sea-weed,  when  the  nortii> 
westerly  gales  prevail,  and  are  rarely  disappointed. 
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OmH  of  Sufolk.—Tho  olift  oC  SnflfbUc,  to  whioh  we  next  proceed. 
Me  Nmewhat  lees  elevated  (ban  (hose  of  Koifolk,  bat  composed  ol 
amilar  altematkms  of  clay,  sand,  and  gravel.  From  Oorleeton  in  Suf- 
folk, to  within  a  few  miles  north  of  Lowe8(off,  (he  diflb  are  slowly 

undermineil.  Near  the  last-mentioned  town,  there  is  an  inland  cliff 
about  sixty  feet  higli,  the  sloping  talus  of  which  is  covered  with  turf 
and  heath.  Between  the  cliff  and  the  sea  is  a  low  flat  tract  of  sand 
called  the  Ness,  nearly  three  miles  long,  and  for  the  most  part  out  of 
resch  of  the  highest  tides.    The  point  of  the  2Hesi  projects  from  the 


Mftp  of  Lew«Moff  N«M,  Snflblk.* 
a     Tb«  dotted  lines  cxnreM  a  s«rlM  «f  atad  aad  8lil]i|]«,  Ibnulof  Um  •xtrsDillj-  of  tlie  triaa* 

fW\xr  spacf"  rullc<l  the  ess. 
^h,  b.   T     .!  rk  line  repre5<  nt<s  the  inland  cHff  M  wllloll  flM  tOVB  Of  LoWMtoff  ■tud^  IM- 

tweea  wUidi  and  Uie  ma  is  the  Nosa, 

base  of  the  original  cliff  to  the  distance  of  660  yards.  This  accession 
cf  land,  says  Mr.  Taylor,  has  been  effected  at  distinct  and  distant  inter- 

▼als,  by  the  influence  of  currents  running  between  tho  land  and  a  shoal 
about  a  mile  off  JjowestofT,  called  the  Holm  Sand.  The  lines  of  growth 
in  the  Ness  are  indicated  by  a  series  of  concentric  ridges  or  embank- 
ments incl(»sing  limited  area^,  and  several  of  these  ridges  have  been 
formed  within  the  observation  of  persons  now  living.  A  rampart  of 
htaw  ni;it<^rials  is  first  thrown  up  to  an  unusual  altitude  by  some 
cxtniordinary  tide,  attt-iuh'd  Avith  a  violent  gale.  Subsequent  tides 
extend  the  base  of  this  high  baiiii  of  shingle,  and  the  interstices  are 
then  filled  with  sand  blown  from  the  beach.  The  Arundo  and  other 
■arine  plants  by  degrees  obtun  a  footing;  and  creeping  along  the 
ridge^  give  solidity  to  the  mass,  and  form  in  some  eases  a  matted  cov- 
snog  of  tnrf.  Meanwhile  another  mound  is  formmg  externally,  which 
hf  the  like  proceaa  rises  and  gives  protection  to  the  first  If  the  sea 
feroes  its  way  through  one  of  the  extornal  and  incomplete  mounds,  the 
hreaeh  is  soon  repaued.  After  a  while  the  marine  plants  within  (he 
areas  inclosed  by  these  embankments  are  succeeded  by  a  better  species 
of  herbage  affording  good  pasturage,  and  (he  sanda  become  sufficiently 
firm  to  support  buildings. 

Destruction  of  DuntDieh  by  the  5m.— Of  the  gradual  destruction  of 
Dunwich,  once  the  most  considerable  seaport  on  this  coast,  wc  have 
Baoy  authentic  records.   Gardner,  in  his  history  of  that  borough,  pub* 

•  Fkcmq  Mr.  E.  C.  Taylor  *  Mem.,  aoe  FhU.  Mag,  Oct  1827,  p.  297. 
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Ikhed  in  1754,  shows',  hj  refereaoe  to  docunents,  beginnln;^  with 
Boomsdaj  Book,  that  the  clifib  at  Danwich,  Southwold,  Eastsni,  and 
Pakofield,  have  l>esa  always  sabjset  to  wear  awaj.   At  Dunwieh,  in 

particular,  two  tracts  of  land  which  had  been  taxed  m  the  eleyenth  een- 
turj,  in  the  time  of  King  Edward  Che  Confessor,  are  mentioned  in  the 
Conqueror's  survey,  made  but  a  few  years  afterwards,  as  having  been 

devoured  by  the  sea.  The  losses,  at  a  subsequent  period,  of  n  monas- 
tery,— at  aiiotlier  of  several  churches, — afterwards  of  the  old  port, — • 
then  of  four  hundred  houses  at  once, — of  tlie  cliurch  of  St.  Leonard, 
the  high-road,  town-liall,  jail,  and  many  other  buildinf/^;.  are  men- 
lioned,  with  the  dates  when  they  perished.  It  is  stated  that,  in  the 
sixteenth  century,  not  one-ijuartcr  of  the  town  was  left  glandin;" ;  yet 
the  inhabitants  retreating  inland,  the  name  was  preserved,  a.^  lia>.  ^  e»en 
the  CiU>e  with  many  other  ports  when  their  ancient  site  has  b«-en  blot- 
ted ouU  There  is,  however,  a  church  of  considerable  antiquity  still 
Standing,  the  last  df  twelve  mentioned  in  lome  reeords.  In  1740,  the 
laying  open  of  the  ehurehyard  of  St.  Kicholas  and  St.  Fiands,  |n  the 
sea-elifb,  is  well  deseribed  hy  Gardner,  with  the  eoflbis  and  shsletowt 
eiposed  to  view — some  lying  on  the  beach,  and  rocked 

"  In  oradle  of  tb«  rado  imperioiu  tnigsT 

Of  these  cemeterii-s  no  remains  can  now  be  sron,  Ray  also  says,  "  that 
aiu  lent  writings  make  mention  of  a  wood  a  mile  and  a  half  to  the  east 
of  Dunwich,  the  site  of  which  must  at  present  be  so  far  within  the 
sea.*'  *  Tbb  city,  once  so  flouiishing  and  populous,  is  now  a  small 
village,  with  about  twenty  bouses,  and  one  hundred  inhabitants. 

There  is  an  old  tradition,  *'  that  the  tailors  sat  in  their  shops  st 
Dnnwicb,  and  saw  the  ships  in  Ykrmouth  Bay but  when  we  coo* 
sider  how  far  the  oosst  at  Lowestoff  Ness  projects  between  these  places* 
wo  cannot  give  credit  to  the  tale,  which,  nevertheless,  proves  how  mach 
the  inroads  of  the  sea  in  tim^  of  old  had  prompted  men  of  lively  ima* 
gination  to  indulge  their  taste  for  the  marvellous. 

Gardner's  description  of  the  cemeteries  laid  open  by  the  wave?  re- 
minds us  of  the  scene  which  has  been  so  well  depicted  by  Bewick.f 
and  of  which  numerous  points  on  the  same  corjst  might  have  sii!j<je«;ted 
the  idea.  On  the  verj^e  of  a  elitf,  which  tlie  sea  has  undermined,  are 
represented  tiic  un>haken  tower  and  wesiorii  end  of  an  abbey.  The 
eastern  aisle  is  gone,  and  the  pillars  of  the  cloister  an?  soon  to  follow. 
The  waves  have  almost  isolated  the  promontory,  and  invaded  the  cem- 
etery, where  they  have  made  sport  with  the  mortal  relics,  and  thrown 
up  a  skull  upon  the  beach.  In  the  foreground  is  seen  a  broken  tomb- 
stone, erected,  as  ila  legend  tells,  "to  perpetuaU  the  menaory*'—^ 
one  whose  name  is  obSterated,  as  is  that  of  the  oounty  for  which  he 
was  **  Custoe  Rotulorum."   A  cormorant  is  perched  on  the  monumeo^ 

♦  Cen^pqnpnccs  of  tho  Dulu^^r,  riivn.  Thfol.  Diseourmi. 
I  History  of  bnUnh  Bink,  vol  ii.  p.  220  ed.  1821. 
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dMng  it,  88  if  (o  remmd  some  moralncr  like  Hamlet*  of  "  tke  htm 
iMs"  (o  which  things  eaeood  nuiy  be  turned.  Had  this  excellent  artist 
dentd  to  Mtirife  certain  popular  theories  of  geologj»  he  m^ht  have 
ioKifted  the  stone  to  the  memory  of  some  philosopher  who  taught 
*  the  pennaneocy  of  existing  continents*' — "  the  em  of  repose" — "  the 
inpoCnice  of  modern  causes." 

1!be  incarsions  of  the  sea  at  Aldborough,  were  formerly  very  destruc- 
tive, and  this  borough  is  known  to  have  been  once  situated  a  quarter  of 
a  mile  east  of  the  prese  nt  sliore.  The  inhabitants  continued  to  build 
farther  inland,  till  they  arrivod  at  tiie  extremity  of  their  property,  and 
then  the  town  decayed  L^neauy  ;  but  two  sand-banks,  thrown  up  at  a 
short  di.stan<'o,  now  afford  a  temporary  salei^uarJ  to  the  coast.  Betwt"«'U 
these  banks  and  the  present  shun-,  whtMe  the  current  now  tlows,  the 
sea  is  twenty-four  feet  deep  on  tiie  spot  where  the  town  formerly  stood. 

£ssfi. — Harwich  is  said  to  have  owed  iu»  rise  to  the  destruction 
Orwell,  a  town  which  stood  on  the  spot  now  called  "  the  west  rocks,*' 
isd  was  overwhelmed  by  an  huoad  of  the  sea  noce  Uie  Conquest.  Ap- 
pfeheottons  have  been  entertained  that  the  isthmus  on  which  Harwich 
itsods  may  at  no  remote  period  become  an  island,  for  the  sea  may  be 
expected  to  mahe  a  breach  near  Iiower  Dover  Court,  where  Beacon 
Cfiff  is  composed  of  horiiontal  beds  of  London  clay  containing  septaria. 
It  had  wasted  away  considerably  between  the  years  1829  and  1838,  at 
both  which  periods  I  examined  this  coast  In  that  short  interval  seve- 
ral gardens  and  many  houses  had  been  swept  into  the  sea,  and  in  April, 
1838,  a  whole  street  was  threatened  with  destruction.  The  advance  ot 
the  sf  ;i  is  much  accelerated  by  tlie  traffic  carried  on  in  septaria,  which 
an;  shipped  oflf  for  cement  as  fmt  as  they  fall  down  upon  the  bf  ach. 
These  stones,  if  allowed  to  remain  in  heaj)s  on  tlie  shore,  would  break 
the  force  of  the  waves  and  retanl  th<'  C(>nvensiou  of  tiie  peninsula  into  an 
island,  an  evt  nt  which  niii^dit  be  loUowed  by  the  destruction  of  the  town 
of  Harwich.  Captain  Washington,  R.  N.,  ascertained  in  1847,  that 
Beacon  CUfT,  above  mentioned,  which  about  tifty  feet  high,  had  given 
way  at  the  rate  of  forty  feet  in  forty-seven  years,  between  llOd  and 
17M;  eighty  feet  between  1756  and  1804;  and  three  hundred  and 
tifty  feet  between  the  latter  period  and  1841 ;  showing  a  rapidly  .accel* 
erated  rate  of  destruction.* 

Among  other  loases  it  is  recorded  that,  since  the  year  1807,  a  field 
esDed  the  Vicar's  Field,  which  belonged  to  the  living  of  Hanrich,  has 
been  overwhelmed  ;f  and  in  the  year  1 820  there  was  a  considerable 
tpsce  between  the  battery  at  Harwich,  built  in  the  beginning  of  the 
present  century,  and  the  sea ;  part  of  the  fortification  had  been  swept 
away  in  1829,  and  the  rest  then  overhung  the  water. 

At  Walton  Naze,  in  the  «ame  county,  the  cliffs,  composed  of  liOnddn 
fii&j,  capped  by  the  shelly  saad^  of  the  crag,  reach  the  height  of  about 

*  TuUl  Harbor  Commuflioners'  First  Repart|  1846,  p.  lit, 
t  On  Mibority  of  Dr.  Mitchell,  F.  O.  & 
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100  feet,  and  are  annually  undermined  by  the  waves.  The  old  church, 
yard  of  Walton  has  been  washed  away,  and  the  clifis  to  the  south  are 
constantly  diwippenring. 

Kent. — hie  of  Shepjicy. — On  the  coast  bounding  the  estuary  of  the 
Thames,  there  are  numerous  examples  both  of  the  gain  and  loss  of  land. 
The  Isle  of  Sheppoy,  which  is  now  about  six  miles  long  by  four  in 
breadth,  is  composed  of  London  clay.  The  cliffs  on  the  north,  which 
are  from  sixty  to  eighty  feet  high,  decay  rapidly,  6fty  acres  having  been 
lost  in  twenty  years,  between  1810  and  1830.  The  church  at  Minster, 
now  near  the  coast,  is  said  to  have  been  in  the  middle  of  the  island  in 
1780  ;  and  if  the  present  rate  of  destruction  should  continue,  we  might 
calculate  the  period,  and  that  not  a  very  remote  one,  when  the  whole 
island  will  be  annihilated.  On  the  coast  of  the  mainland,  to  the  east  ot  ^ 
Sheppey,  is  Heme  Bay :  a  place  still  retaining  the  name  of  a  bay,  al- 
though it  is  no  longi^r  appropriate,  as  the  waves  and  currents  have 
swept  away  the  ancient  headlands.  There  was  formerly  a  small  prom- 
ontory in  the  line  of  the  shoals  where  the  present  pier  is  built,  by  which 
the  larger  bay  was  divided  into  two,  called  the  Upper  and  x^ower.* 


View  of  Reculver  Church,  Uken  In  the  year  1T81. 

1  ble  of  Sheppoy.   2.  Ancient  clinpel  now  dcstruvecL   The  coUaso  between  this  chapel  and  tlM 

cliff  was  deuiolishcd  by  the  Be«,  in  1782. 

Still  farther  east  stands  the  church  of  Reculver,  upon  a  cliff  composed 
of  clay  and  sand,  about  twenty-five  feet  high.  Reculver  (Regulvium) 
wjis  an  important  military  station  in  the  time  of  the  Romans,  and  ap- 
pears, from  Leland's  account,  to  have  been,  so  late  as  Henry  VIlI.'s 
reign,  nearly  one  mile  distant  from  the  sea.  In  the  '*  Gentleman's  Mng- 
azine,"  there  is  a  view  of  it,  t^iken  in  1781,  which  still  represents  a  con- 
siderable space  as  inten'ening  between  the  north  wall  of  the  churchyard 
and  the  cliff.f  Sometime  before  the  year  1780,  the  waves  had  reached 
the  site  of  the  ancient  Roman  camp  or  fortification,  the  walls  of  which 

* 

♦  On  the  authority  <if  W.  Ounncll,  Esq.,  and  W.  Richardson,  Esq.,  F.  0.  S. 
f  VoL  il  New  Scr.  1809,  p.  801. 
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had  continued  for  several  years  after  they  were  undermined  lo  overhang 
the  sea,  being  firmly  cemented  into  one  mass.  They  were  eighty  yards 
nearer  the  sea  than  the  church,  and  they  are  spoken  of  in  the  "  Topo- 
graphica  Britannica,"  in  the  year  1780,  as  having  recently  fallen  down. 
In  1804,  part  of  the  churchyard  with  some  adjoining  houses  was  washed 
away,  and  the  ancient  church,  with  its  two  spires,  was  dismantled  and 
abandoned  as  a  place  of  worship,  but  kept  in  repair  as  a  landmark  well 
known  to  mariners.  I  visited  the  spot  in  June,  1851,  and  saw  human 
bones  and  part  of  a  wooden  coffin  projecting  from  the  cliff,  near  ihe 
lop.   The  whole  building  would  probably  have  been  swept  away  long 


Fig.  u.   .  • 


Bocalver  Cbarch,  ia 


ere  this,  had  not  the  force  of  the  waves  been  checked  by  an  artificial 
causeway  of  stones  and  large  wooden  piles  driven  into  the  sands  on  the 
beach  lo  break  the  force  of  the  waves. 

Isle  of  Thanet. — The  isle  of  Thanet  was,  in  the  time  of  the  Romans, 
sepiinited  from  the  rest  of  Kent  by  a  navigable  channel,  through  which 
the  Roman  fleets  sailed  on  their  wav  to  and  from  London.  Bede  de- 
tribes  this  small  estuary  as  beini;,  in  the  bemnnin*;  of  the  eighth 
century,  three  furlongs  in  breadth ;  and  it  is  supposed  that  it  began  to 
prow  shallow  about  the  period  of  the  Norman  conquest.  It  was  so  far 
silled  up  in  the  year  1485,  that  an  act  was  then  obtained  to  build  a 
bridge  across  it :  and  it  has  since  become  marsh  land  with  small  streams 
running  through  it.  On  the  coast.  Bedlam  Farm,  belonging  to  the 
hospital  of  that  name,  lost  eight  acres  in  the  twenty  years  preceding 
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1830,  the  land  being  composed  of  chalk  from  forty  to  fifty  feet  above 

the  level  of  the  sea.  It  has  been  computed  that  the  average  waste  of 
the  cliff  between  the  North  Foreland  and  the  ReeiilTen»  a  distance  of 
about  eleven  miles,  is  not  less  than  two  feet  per  annum.  The  chalk 
cliflfa  on  the  south  of  Thanet,  between  Ramsgate  and  Pegwell  Bay,  have 
on  ha  average  lost  three  feet  per  annum  for  the  last  ten  years  (preced- 
ing 1830). 

Good ir in  Sands. — The  Goodwin  Sands  lie  opposite  this  part  of  ihe 
Keiiti^li  co;ist.  They  are  about  ten  miles  in  lengrth,  and  are  in  some 
parts  three,  and  in  others  seven,  miles  distant  from  tlie  shore  ;  and,  f'»r 
a  certain  space,  are  laid  bare  at  low  water.  That  lliey  are  a  remnant  of 
land,  and  not  "  a  more  accumulation  of  sea  sand,"  as  Renncll  imai:in*  (l.* 
may  be  presumed  from  the  fact  that,  when  the  erection  of  a  lighiliouse 
on  this  shoal  was  in  contemplation  by  the  Trinity  Board  in  the  year 
1817,  it  was  found,  by  borings,  that  the  bank  consisted  of  fifivon  feet 
of  sand,  resting  on  blue  clay  ;  and,  by  subsequent  borings,  the  subjacenl 
chalk  has  been  reached.  An  obscure  tradition  has  come  down  to  u», 
that  the  estates  ol  Earl  Goodwin,  the  father  of  Harold,  who  died  m  the 
year  1058,  were  situated  hero,  and  some  have  oonjectnred  that  thejr 
were  overwhelmed  by  the  flood  mentioned  in  the  8uoq  ehnmiele,  tfi 
anno  1099.  The  last  remains  of  an  idaod,  consisting,  like  Sheppey,  ol 
elay,  may  perhaps  have  been  carried  away  about  that  time. 


fibakb^Hiarv'a  Cliff  iu        beva  from  Uie  nortiieaftt. 


There  are  other  records  of  waste  in  the  eomi^  of  Kent,  as  at  Desl; 
and  at  Dover,  where  Shakspeare's  Cliff,  composed  entuely  of  chalk,  hu 
suffered  greatly,  and  continually  diminishes  m  height,  the  slope  of  the 
hill  being  towards  the  Umd.  (See  fig.  85.)  Ttore  waa  an  immense 
landsl^  from  this  cliff  in  1810,  by  which  Dover  was  shaken  as  if  by  an 

*  Geof.  of  Hwod.  voL  iLpk  8t6^ 
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Mrtiiquake,  tad  a  still  gmter  one  in  1792.*  We  111E7  suppou,  tlMrtt- 
km,  Ibat  the  view  from  the  top  of  the  predpioe  in  the  year  1600,  when 
the  tragedy  of  King  Lear  was  written,  was  more  *•  feeifol  and  diaay" 
than  it  is  now.  The  best  aQtiquarian  authorities  are  agreed,  that  Dover 
Harhor  was  formerly  an  estvary,  the  sea  flowing  up  a  valley  between 
the  chalk  hills.  The  remains  found  in  different  excavations  confirm  tho 
descn'pti'm  of  the  spot  £pvpn  hv  Cfp'^fir  nnd  Antnninu'^.  and  there  is 
clear  historical  evidence  to  prove  that  at  an  early  period  there  was  no 
shingle  at  all  ai  Dover.f 

Straits  of'  JJover. — In  proceeding  from  the  northern  parts  of  the 
German  Ocean  towards  the  Straits  of  Dover,  the  water  becomes  grad- 
Tiall)-  more  shallow,  bO  that,  in  the  distance  of  about  two  hundred 
leagues,  we  pass  from  a  depth  of  120  Ui  that  of  58,  38,  18,  and  even 
)m  than  2  fathoms.  The  shallowest  part  follows  a  Une  drawn  between 
Bonney  Marsh  and  Boulogne.  From  this  pomt  the  English  Channel 
sgsm  deepens  progressively  as  we  proceed  westward^  so  that  the  Stratte  ' 
cf  Dorer  may  be  said  to  part  two  8ea8.| 

Whether  England  was  formerly  nnitod  with  Franoe  has  often  been 
a  favorite  snbjeet  of  speenlation.  So  early  as  1605  our  eounttynuin 
Terstegan,  in  his  **  Antiquities  of  the  English  Nation,"  observed  that 
amy  preceding  writers  had  maintained  tMs  opinion,  but  without  sup- 
porting it  by  any  weighty  reasons.  He  accordingly  endeavors  himself 
to  Goofirm  it  by  various  arguments,  the  principal  of  which  are,  first,  the 
proximitv  and  identity  of  the  composition  of  the  opposite  cliffs  and 
shores  of  Albion  and  Gallia,  which,  whether  flat  and  sandy,  or  steep 
and  chalky,  correspond  exactly  with  eacli  other  ;  secondly  the  occur- 
rence of  a  submarine  ridge,  called  "  our  Lady's  Sand,"  extendln2f  from 
sliore  to  shore  at  no  great  depth,  and  which,  from  itii  composition, 
appiuirs  to  be  the  original  bitsis  of  the  iisLhraus ;  thirdly,  the  identity  of 
the  noxious  animals  in  France  and  England,  wliich  could  neither  have 
swum  across,  nor  have  been  introduced  by  man.  Thus  no  one,  he  says, 
would  have  imported  wolves,  therefore  ''these  wicked  beasts  did  of 
themselves  pass  over.*'  He  supposes  the  ancient  isthmus  to  have  been 
abont  six  lEEnglish  miles  in  breadth,  composed  entirely  of  chalk  and  ^at, 
sad  in  some  places  of  no  great  height  above  the  sea*level.  The  opera- 
tion of  the  waves  and  tides,  he  says,  would  have  been  more  powerful 
when  the  straits  were  narrower,  and  even  now  they  are  destroymg  elifik 
composed  of  similar  materials.  He  suggests  the  possible  co«operation 
of  earthquakes;  and  when  we  consider  bow  many  submarine  forests 
skirt  tlip  southern  and  eastern  shores  of  England,  and  that  there  are 
raised  beaches  at  many  points  above  the  sen-level,  containing  fossil 
shells  of  recent  species,  it  seems  reasonable  to  suppose  that  such  up* 

•  Dodsley's  Ann.  Regist.  1772. 

f  8ee  J.  B.  Redman  on  Changed  of  S.  E.  Coast  of  England,  Proceed.  Instii. 
Cinl  Engin.  vol.  ii.  1851.  1862. 

X  Stevenson,  Ed  PhiL  Joom.  Na  V.  pw  45,  sod  Br*  FittoQ,  0«ol.  Tnna  Sd 
■•»«•,  toL  ir.  plate  9. 
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ward  and  downward  movements,  taking  place  perhaps aa  slowly  as  tboae 
now  in  progress  in  Sweden  and  Oreenland,  may  hare  greatly  assisted  the 
denuding  foreeof  **  tbe  ooean  stream,"  nsra|Mis  y^iyA  ^h99g  rxmvofo. 

FottutoM. — At  Follcstone,  the  sea  nodermines  the  chalk  and  subja- 
ceot  8tmta.  About  the  year  1716  there  was  a  remarkable  sinking  of  a 
.  tract  of  land  near  the  sea,  so  that  houses  became  visible  frona  certain 
points  at  sea,  and  from  partionlar  spots  on  tbe  sea  cliffs,  from  whence 
they  could  not  be  seen  previously.  In  the  description  of  this  subsi* 
dence  in  the  Phil.  Trans.  1716,  it  is  said,  "  that  the  land  consisted  of  u 
solid  «fonv  mass  (chalk),  restinsr  on  wet  T]ny  (jxaiilt),  so  that  it  slid 
forwurds  towards  the  sea,  just  as  a  ship  is  launched  on  t  til* > wed  plank<  " 
It  is  also  stated  that,  within  the  incnioiy  of  pei-sons  then  Uviog,  ibe 
clilT  there  had  been  waslied  away  to  the  extent  of  ten  rods. 

Encroachments  of  the  sea  at  Hythe  are  also  on  n-cord  ;  but  between 
this  point  and  Rv  there  has  been  a  gain  of  land  within  th»'  times  of 
history  ;  tlic  rich  level  tract  called  iioiiiney  Marsh,  or  Duagcue^s,  about 
ten  miles  in  width  and  five  in  breadth,  and  formed  of  silt,  having  re- 
eeived  great  accession.  It  has  been  necessary,  however,  to  protect  it 
from  the-  sea,  from  the  earliest  periods,  by  embankments,  tbe  towns  of 
L}  Id  and  Romney  being  the  only  pjuts  of  the  marsh  above  the  level  of 
the  highest  tides.*  Mr.  Redman  has  cited  numerous  old  charts  and 
tnutworthy  authorities  to  prove  that  the  average  annual  increase  of  the 
promontory  of  shingle  called  Dungeness  arabunted  for  two  centuriea, 
previous  to  1844,  to  nearly  six  yards.  Its  progress,  however,  has 
fluctuated  during  that  period;  for  between  1689  and  1704,  a  term  of 
105  years,  the  rate  was  as  much  as  S\  yards  per  anniim.f  It  is  ascer- 
tained that  the  shingle  is  derived  from  the  westward.  Whether  the 
pebbles  are  stopped  by  the  meeting  of  the  tide  from  the  north  flnwin^f 
throuL^li  tlie  Straits  of  Dover,  with  that  which  comes  up  the  Clianiiel 
from  thi-  west,  as  Wiis  formerly  hehl,  or  hv  tlie  check  rriven  to  tlie  tithil 
current  by  the  waters  of  the  Kother,  as  some  maiotain,  is  still  a  disputed 
question. 

Rye,  situated  to  the  south  ot  Honiney  Marsh,  was  once  destroyed  bv 
the  sea,  but  it  is  now  two  miles  distant  iVum  it.  The  neighboring-  town 
of  Winchelsea  was  destroyed  in  the  reign  of  Edward  I.,  the  mouth  of 
the  Rother  stopped  up,  and  the  river  diverted  into  another  channel, 
in  its  old  bed»  an  ancient  vessel,  apparently  a  Dutch  merchantman, 
was  found  about  the  year  1824.  It  was  built  entirely  of  oak,  and  much 
blackened.^  •Large  quantities  of  hsjcel-nuts,  peat*  and  wood  aie  found 
in  digging  in  Romney  Marsh. 

South  €oa»i  of  Snghmd, — ^Westward  of  Hastings,  or  of  8t  Leonard's, 
the  shore  line  has  been  giving  way  as  far  as  Pevensey  Bay,  where  for- 
merly there  existed  a  haven  now  enturely  blocked  up  by  shingle.  The 

*  Oo  the  satbority  <rf  Mr.  J.  MeryoD,  of  Bye. 

I  ♦  Redman,  ibid,  see  p.  31 5. 

\  Edia.  Joura  of  Sci.  Ho.  xix.  p.  60. 
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degnKUtioo  has  eqwdled  for  a  aeriei  of  yean  aevai  feet  per  amram  m 
aooe  pboes*  and  aerenl  ouurtello  towers  liad  k  eonaequence,  before 
1851,  been  removed  by  tbe  Ordnanee.*  At  the  promontory  of  Beaohy 
Head  a  mass  of  chalk,  three  haodred  feet  in  length,  and  from  seventy 
to  eighty  In  bieadtb,  fell  m  the  year  1813  with'  a  tremendous  crash ; 
and  nmUar  stipe  have  since  been  frequcBit.f 

About  s  mile  to  the  west  of  the  town  of  Newhaven,  the  remains  of  an 
aoosot  itttrenchment  are  seen  on  the  brow  of  Castle  Hill.  This  earth- 
work, supposed  to  be  Roman,  was  evidently  once  of  considerable  extent 
imd  of  an  oval  form,  but  the  greater  part  has  been  cut  sway  by  the  sea. 
The  cliflfs,  which  are  nndermined  here,  are  high  ;  more  than  one  hun- 
dred feet  of  chalk  heirifi^  covered  by  tertiary  clav  and  sand,  from  sixty  to 
seventy  feet  in  thickness.  In  a  few  centuries  the  last  vesti^^r^s  of  the 
plastic  clay  formation  on  the  southern  borders  of  the  clia.k  of  ih*'  South 
Downs  on  tliis  coa«t  will  [)rol)ably  be  annihilated,  and  future  l'-  1 -  rista 
will  learn,  irotn  iiiatoricul  documents,  the  ancient  geographical  Ijouruiaries 
of  this  group  of  strnta  in  tliat  directi<»n.  On  the  opposite  side  of  the 
e&tuary  of  the  Ou&t^  on  the  cast  of  Newhaven  harbor,  a  bed  of  shingle, 
oomposed  of  chalk  flints  derived  from  the  waste  of  the  adjoining  cliffs, 
hid  aeeamalated  at  Seaford  for  several  centuries.  In  the  great  storm 
*i  November,  1824,  this  bank  was  entirely  swept  away,  and  the  town 
of  Seaford  immdated.  Another  great  beach  of  shingle  is  now  forming 
from  fresh  materials. 

The  whole  coast  of  Sussex  has  been  incessantly  eBcroached  upon  by 
the  sea  from  time  immemorial ;  and,  although  sadden  inundations  only, 
which  overwhelmed  fertile  or  inhabited  tracts,  are  noticed  in  history,  the 
iseoids  attest  an  extraordinary  amonnt  of  loss.  During  a  period  of  no 
more  than  eighty  years,  there  are  notices  of  about  twenty  inroads,  in 
which  tracts  of  land  of  from  twenty  io  fonr  hundred  acres  in  extent  were 
overwlielnied  at  once,  tlu^  value  of  the  tithes  beings  mention^^d  in  the 
T:i\;a,io  Kcclesiiistica.J  In  the  reicrn  of  Eliza})clh.  tlie  town  of  Hiii^hton 
Wite  situated  on  that  tract  wlit-re  the  chain  pier  now  extends  into  tla-  sea. 

the  year  1605,  tweniy-Lwo  tenements  had  hern  destroyed  un(fer  the 
cliflf.  At  that  period  there  still  r»'mained  under  tlie  elilf  11.3  tenements, 
Ihe  whole  of  which  were  overwhelmed  in  rt03  and  1705.  No  traces  of 
Ifae  ancient  town  are  now  perceptible,  yet  there  is  evidence  that  the  se^ 
hss  merely  resumed  its  ancient  position  at  the  base  of  the  cUflb,  the  site 
of  the  whole  town  having  been  merely  a  beach  abandoned  by  the  ocesn 
forsges.  • 

StuiyMr§. — Ith  iif  W%$kL — ^It  wonld  be  endless  to  allude  to  all 
the  localities  on  the  Sussex  and  Hampshbe  coasts  where  the  land  hss 
given  way ;  but  I  may  point  out  the  rdation  which  the  geological  struc- 
tam  of  the  Isle  of  Wight  bears  to  its  present  shape,  as  attesting  that  the 

*  Redman  as  cited,  p.  816. 

4  Webster.  Geul.  Trru^^  vol  ii.  p.  198,  IstMlisiL 
I  M«nt«ll,  Ueology  ul  6u8«ez,  p.  298. 
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eoast  owes  its  oatUne  to  the  oontinued  action  of  the  sea.  Through  the 
middle  of  the  island  runs  a  high  ridge  of  chalk  strata,  in  a  vertical  por- 
tion, and  in  a  direction  east  and  west  This  chalk  fotms  the  projeoting 
promontory  of  Onlver  Cliff  on  the  east,  and  of  the  Keedks  6n  the  w«st; 

while  Snndown  Bay  on  the  one  side,  and  Compton  Bay  on  the  other, 
have  been  hollowed  out  of  the  softer  sands  nnd  argiUaceoos  strata^  which 
.    are  inferior,  in  gedogioa]  position,  to  the  chalk. 

The  same  phenomena  are  repeated  in  the  Isle  of  Purbcck,  where  the 
line  of  vertical  clialk  fonns  the  projecting  promontory  of  Tlundfa^t 
Point ;  and  Swanago  Bay  marks  the  drep  cxcavntinn  made  by  the  waves 
in  the  Bofter  strata,  correspondinrr  to  those  of  Sandown  Bay. 

JTur.it  Ca.stle  bank — proorcssirc  inot  'ton  of  ma  beac/ics. — Altliouc^li  the 
loose  pebbles  and  grains  ol  sand  compositiLT  any  given  line  of  sea- beach 
are  carried  sometimes  one  way,  .sometime^s  another,  they  K.ive,  neverthe- 
less, an  ultimate  motion  in  one  particular  direction/^  i  lieir  progrc&s, 
for  example,  on  the  south  coast  of  England,  is  from  west  to  east,  which 
is  owing  partly  to  the  action  of  the  waves  driven  eastwards  by  the  pre- 
vailing wind,  and  partly  to  the  etment,  or  the  motion  of  the  gene/id 
hody  of  water  cansed  the  tides  and  winds.  The  force  of  the  waves 
gives  motion  to  pebhles  which  the  velocity  of  the  currents  alone  wonld 
he  unable  to  cany  forwards ;  but  as  the  pebbles  are  finally  redoeed  to 
sand  or  mnd,  by  continual  attrition,  they  are  brought  within  the  influence 
of  a  current;  and  this  cause  must  determine  the  ooune  which  the  mam 
body  of  matter  derived  from  wasting  cliffs  will  eventually  take. 

It  appears,  from,  the  observationa  of  Mr.  Palmer  and  others,  that  it 
a  pier  or  groin  be  erected  anywhere  on  our  southern  or  southeastem 
coast  to  stop  the  progress  of  the  beach,  a  heap  of  shingle  soon  collects 
on  the  western  side  of  siicli  artificial  harrien?.  The  pebbles  continue  to 
accumulate  till  they  rise  as  high  as  tlie  pier  or  L,'roin,  after  which  they 
pour  over  in  threat  numbers  during'  h<'rivv  LTales.f 

The  western  entrance  of  tlie  Charmel,  called  the  Solent,  is  crosst-d  fur 
more  than  two-thirds  of  its  width  by  the  shingle-bank  of  Hurst  Castle, 
which  is  about  two  miles  long,  seventy  yards  broad,  and  twelve  feet 
high,  presenting  au  inclined  plane  to  the  west.  This  singular  bar  con- 
sists of  a  bed  of  rounded  chalk  flints,  resting  on  a  submarine  argillaceous 
base.  The  flints  and  a  few  other  pebbles,  intermixed,  are  derived  from 
the  waste  of  Hordwell,  and  other  cliffii  to  the  westward,  where  tertiary 
strata,  capped  with  a  covering  of  broken  chalk  flhita,  from  five  to  fifty 
feet  thick,  are  rapidly  undermmed.  In  the  great  stonn  of  November, 
1824,  this  bank  of  shmgle  was  moved  bodily  forwards  for  forty  yards 
towards  the  northeast;  and  certain  piles,  which  served  to  mark  the 
boundaries  of  two  manors,  were  found  after  the  storm  on  the  opposite 
side  of  the  bar.   At  the  same  Ume  many  acres  of  pasture  land  were 

*  Sec  Pahnw  cn  Shinglo  Beaches,  Phil  Trans.  1834.  p.  668. 
f  Groina  are  formerl  r  f  y)iU's  nnd  "wncM^'ti  plnnk^.  or  of  f»!3nt«  stalicd  down, 
sod  ore  used  either  to  bruuk  the  force  of  tLu  wavea^     ^  retuiu  tiia  bvadi. 
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covered  by  ehbgle,  on  ib»  fatm  of  Weetover,  nemr  Lymington.  But  the 
bar  wee  soon  restored  in  its  old  position  by  pebbles  drifted  from  the 
west ;  and  it  appears  from  ancient  maps  that  it  has  presenred  the  same 
pneral  omtline  and  position  for  centuries.* 

Mr.  Austen  remarks  that»  as  a  genersl  rule,  it  is  only  when  high 
tides  eoncur  with  a  gale  of  wind,  that  the  sea  reaches  the  base  of  cliffs 
•0  as  to  undermine  them  and  throw  down  earth  and  stone.  But  the 
vam  are  perpetually  employed  in  abrading  and  fashioning  the  mate- 
riab  abeady  strewed  over  the  beach.  Much  of  the  gnvel  and  shinglo 
is  always  travelling  up  and  down,  between  high-water  mark  and  a  slight 
depth  below  the  level  of  the  lowest  tides,  and  occasionally  the  materiab 
are  swept  away  and  carried  into  deeper  water.  Owing  to  these  move- 
ments every  portion  of  our  southern  coast  may  be  seen  at  one  time  or 
other  in  the  condition  of  bare  rock.  Yet  other  beds  of  sand  and  shingle 
800Q  collect,  and,  although  composed  of  new  materials,  invariably  ex* 
hibit  on  the  same  spots  precisely  similar  characters.! 

The.  cliffs  between  Hurst  Shinj^lc  Bar  and  Cliristchurcli  are  under- 
miaed  continually,  the  sea  having  often  enccoached  for  a  series  of  rcnrs 
at  the  rate  of  a  yard  annually.    Within  the  niemory  of  person-  n  nv 
living,  it  has  been  necessary  thrice  to  remove  the  coa*»t-road  farther  in- 
land.   The  tradition,  therefore,  is  probably  true,  that  the  cluirch  of 
Hordweii  was  once  in  tlie  middle  of  that  parish,  although  now  f  1830) 
rery  near  the  sea.    The  piuiiiontory  of  Christchurch  He.id  gives 
way  .slowly.    It  is  the  only  point  between  Lymington  and  Poole  tlar- 
bor,  in  Dorsetshire,  wliere  aay  liard  stony  masses  occur  in  the  cliffs. 
Five  layers  of  largo  ferruginous  concretions,  somewhat  like  the  septaria 
of  the  London  clay,  have  occasbucd  a  resistance  at  this  point,  to  which 
we  may  escribe  this  headland.   In  the  mean  time,  the  waves  have  cut 
deeply  into  the  soft  sands  and  loam  of  Poole  Bay ;  and,  after  severe 
frcMrtSk  great  landslips  take  place,  which  by  degrees  become  en]ai|^ 
iato  nanow  ravioes,  or  chines,  as  tliey  are  called,  with  vertical  sides. 
One  of  these  chines,  near  Boscomb,  has  been  deepened  twenty  feet 
viUiin  a  few  years.   At  the  head  of  each  there  is  a  spring,  the  waters 
cf  which  have  been  chiefly  instrumental  in  producing  these  narrow  ex- 
cavations, which  are  sometimes  from  100  to  150  feet  deep. 

Isk  of  Portland, — ^The  peninsulas  of  Purbeck  and  Portland  are  eon- 
tinually  wasting  away.  In  the  latter,  the  soft  argillaceous  substratum 
(Kimmeridge  clay)  hastens  the  dilapidation  of  the  superincumbent  mass 
of  Hmestone. 

In  1655  the  cliffs  adjoining  the  principal  quarries  in  Portland  gave 
way  to  the  extent  of  one  hundred  yards,  and  fell  into  the  sea;  and  in 
December,  1734,  a  slide  to  the  extent  of  150  yards  occurred  on  the 
east  side  of  the  isle,  by  which  several  skeletons  buried  between  slabs  of 
•tone,  were  discovered.   But  a  much  more  memorable  occurrence  of 

*  Redman  as  cited,  p  815. 

4  RohL  A.  O.  Avit«n  m  tlw  Yalley  of  the  Ei^iliih  Obannel,  Qnsrt.  Joom.  O.  a 
foL  TLp.7S. 
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this  nature,  in  1792,  occnsioDed  probably  hj  the  undermuiittg  of  the  olifls. 
IB  thus  described  in  Hutchin's  Hiatoiy  of  Dorsetshire : — "  Eorlj  in  the 
morDiog  the  road  was  observed  to  crack :  this  continued  increasiiig,  and 
before  two  o'clock  the  ground  had  sunk  several  feet,  and  was  in  one 
oontinued  motion,  but  attended  with  no  other  noise  than  what  was  occa- 
sioned  by  the  separation  of  the  roots  and  brambles,  and  now  and  then  a 
falling  rock.  At  night  it  seemed  to  stop  a  little,  but  soon  moved  again  ; 
and,  before  morning,  the  ground  from  tin;  top  of  tl\e  clifl"  to  the  wat<.*r- 
side  had  sunk  in  some  places  fifty  foot  perpendicular.  The  e.\tfnt  of 
ground  that  nKjved  wsls  about  a  mile  and  a  quarter  from  north  to  south, 
and  600  yards  Iroin  east  to  west.'* 

Formation  of  Uie  Chrsil  Hank. — Portland  is  connected  with  the  main- 
land by  the  Chesil  iiuak,  a  ridge  of  .shingle  about  seventeen  miles  in 
length,  and,  in  most  places,  nearly  a  quarter  of  a  mile  in  breadth.  The 
pebble^  forming  this  immense  barxier  are  chiefly  siliceous,  all  loostdy 
thrown  together,  and  rising  to  the  neight  of  from  twenty  to  thirty  feel 
above  the  ordinary  higli- water  mark;  and  at  the  southeastern  end, 
which  is  nearest  the  Isle  of  Portland,  where  the  pebbles  are  largest, 
fiirty  feet.  The  fundamental  rocks  ^whtteon  the  shingle  rests  are  found 
at  the  depth  of  a  few  yarda  only  below  the  level  of  the  sea.  The  for- 
matMNi  of  that  part  of  the  bar  whic(  attaches  Portland  to  the  mainland 
may  have  been  due  to  an  original  shoal  or  reef,  or  to  the  set  of  thd 
tides  in  the  narrow  channel,  by  which  the  course  of  the  pebbles,  which 
are  always  coming  from  the  west,  has  been  arrested.  It  is  a  singular 
fact  that,  throughout  the  Chesil  Bank,  the  pebbles  increase  gradually  in 
size  as  we  procei'd  southeastward,  or  as  we  go  farther  from  the  quarter 
whicli  su|)pH«_  J  them.  Had  the  case  been  reversetl,  we  should  naturally 
have  Httributi'd  tfie  circumstance  to  the  constant  wi-aring  down  of  the 
pebbles  by  friction,  as  they  are  rolled  along  a  beaeli  seventeen  miles  in 
length.  But  the  true  explanatiuu  of  tlie  phenomenon  is  doubtless  this: 
the  tidal  current  runs  strongest  from  west  to  e^^ust,  aud  its  power  is 
greater  in  the  more  open  channel  or  farther  from  the  land.  In  other 
words  its  force  increases  southwards,  and  as  the  direction  of  the  hook 
is  from  northwest  to  southeast,  the  sbe  of  the  masses  coming  from 
the  westward  and  thrown  ashore  must  always  be  largest  where  the 
motion  of  the  water  is  most  violent.  Colonel  Bad  states  that  all  cal- 
eareoua  stones  rolled  along  from  the  west  are  soon  ground  mto  sand, 
and  m  this  form  they  pass  round  Portland  Island.* 

The  storm  of  1824  burst  over  the  Chesil  Bank  with  great  fury,  and 
the  village  of  Chesil  ton,  built  upon  its  southern  extremity,  was  over* 
whelmed,  with  many  of  the  inhabitants.  The  same  storm  carried  away 
part  of  the  Breakwater  at  Plymouth,  and  huge  masses  of  rock,  from 
two  to  five  tons  in  weight,  were  lifted  from  the  bottom  of  the  weather 
side,  and  rolled  fairly  to  the  top  of  the  pile.    One  block  of  limestone, 

*  See  Pahncr  on  Motion  of  Shint^le  Beiicri,>H.  Phil.  TrtiTis.  1884,  p.  568;  sad- 
CoL  Sir  W.  Keid,  Tapers  of  Koyol  l^ioevrs,  1838,  vol  ii.  p.  128. 
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weighing  seven  Uns,  was  washed  round  the  western  extremity  of  the 
Breakwater,  and  carried  150  feet*  The  propelling  power  b  derived  in 
tfaeae  caaea  from  the  bieakiag  of  the  wavea,  which  ran  fastest  iq  shallow 
water,  and  for  a  short  apaoe  far  exceed  the  tnoat  rapid  earrenta  m  swift* 
tm.  It  was  in  the  same  month,  and  also  dnriog  a  spring-tide,  that  a 
gnat  ilood  ia  mentioned  on  the  cooata  of  England,  in  the  year  1099. 
Florenee  of  Woroeater  saya,  **  On  the  third  day  of  the  nones  of  Nov. 
1099,  the  sea  came  out  upon  the  shore  and  buried  towns  and  men  very 
many,  and  oxen  and  sheep  innumerable."  We  also  road  in  the  Saxon 
Chronif'lo,  for  the  year  1099,  "Thia  year  eke  on  St.  Martin's  mass  day, 
the  lUh  of  Novembre,  sprung  up  so  much  of  the  sea  fl<x>d,  and  so 
myekle  harm  did,  as  no  man  minded  that  it  ever  afore  did,  and  there 
was  the  ylk  day  a  new  moon." 

Sooth  of  the  Bill,  or  southern  point  of  Portland,  is  a  remarkable 
shoal  in  the  channel  at  iho  depth  of  seven  I'.ithoms,  called  "  the  Wiam- 
hles,"  consisting  entin-ly  of  rolled  and  brokf  n  shells  of  Purpura  lapilius, 
Mylilus  edulis,  and  other  species  now  livin<^^  This  mass  of  light  matv- 
rials  is  always  in  motion,  varying  iu  height  from  day  to  day,  and  yet 
the  shoal  remains  constant. 

Jhmtikirt. — Zhv^Mhire, — ^At  Lyme  Regis,  in  Dorsetalure,  the 
*  Church  Cliflfo,"  as  they  are  called,  oonsbting  of  liaa  about  one  hun- 
dred  feet  m  height,  gradually  fell  away  at  the  rate  of  one  yard  a  year, 
from  1800  to  1829.t 

An  oxtraordinaty  landslip  oeeurred  on  the  24th  of  December,  1839, 
on  the  coast  between  Lyme  Regis  and  Axmouth,  which  has  been  de- 
scribed by  the  Kev.  W.  D.  Conybeare,  to  whose  kindness  I  am  indebted 
Cor  the  accompanying  section,  fig.  36.  ,  The  tract  of  downs  ranging 


LMiddIp,  neiur  Axmoothf  Dee.  1889.  (Rev.  W.  D.  Oonjbcere.) 


A.  Tract  of  Downs  sUll  ruDAUilng  at  their  original  lert^ 

B.  New  ravine. 

Q  D.  Bank  and  flaokond  ctilp  aattod  to  A,  bebra  th*  eoBTilikML 

Bendon  uudMcMm  Mbra,  bat  mora  flMarod,aiid  tlvul  flmrard  about  Sfty  lSMt,l» 
.  *|idatbeaM.  ,  ,  ^ 

r.  TVninMii  oaf^  gonk  fkma  Mventy  to  twenty  fr«t  la  boigbt 
e.  fltv  iMropbM¥«d  from  tbo  Mft. 

'*  De  la  Beehe,  Oeolog.  Manual,  p.  88. 
f  Aeoording  to  tlia  meastumnent  of  Carpenter  of  Lyma^ 
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there  along  the  coast  is  capped  by  chalk  (A),  which  rests  on  sandstonej 
alternating  with  chert  (i),  beneath  which  »  more  tha&  100  feet  of  k>066 
sand  {k),  with  coocretions  at  the  bottom,  and  belongiog  like  t  to  the 
green-aand  formation ;  the  whole  of  the  above  masaesy  h,  i,  k,  reposing 
on  retentive  beds  of  clay  (/),  belonging  to  the  liaa,  which  shelves  to- 
wards the  sea.  Numerous  springs  issuing  from  the  loose  sand  (k),  have 
gradually  removed  portions  of  it,  and  thus  undermined  the  superatnh 
turn,  so  as  to  have  caused  subsidences  at  former  times,  and  to  have  pro- 
duced a  line  of  undercIifT  between  D  and  E.  In  1830  an  eieeesive]/ 
wet  season  hnd  saturated  all  the  rocks  with  moisture,  so  as  to  increase 
the  weight  of  the  incumbent  mas8»  from  which  the  support  bad  alreadf 
been  withdrawn  by  the  action  of  springs.  Thus  the  superstrata  were 
precipitated  into  hollows  prepared  for  them,  and  the  adjacent  masses  of 
p;ir!i-)!]v  undermined  rock,  to  wliii^h  the  movement  was  communicated, 
wt  retfiKule  to  slide  down  on  a  slippery  basis  of  watery  sand  towardti  the 
se;i.  Tlicse  causes  gave  rise  to  a  convulsion,  wliicli  began  on  the  morn- 
ing of  the  24th  of  December,  with  a  crashing  noise  »  and,  on  the  eve- 
ning of  the  same  day,  lis^surcs  were  seen  opening  in  the  ground,  and 
the  walls  of  tenements  rending  and  sinking,  until  a  deep  chasm  or 
ravine,  B,  was  formed,  extending  neariy  Ihree-qnartm  of  a  mile  in 
length)  with  a  depth  of  from  100  to  160  feet,  and  a  breadth  exceeding 
240  feet.  At  the  bottom  of  this  deep  gulf  lie  fhigments  of  the  origi- 
nal surface  thrown  together  in  the  wildest  confusion.  In  consequence 
€£  lateral  mov^ents,  the  tract  intervening  between  the  new  fissure  and 
the  sea^  including  the  ancient  undercliff,  was  fractured,  and  the  whole 
line  of  seaFcliff  cairied  bodily  forwards  for  many  yards.  "  A  remarka- 
ble pyramidal  crag,  F,  oflF  Culverhole  Point,  which  lately  formed  a  dis»^ 
Unguishing  landmark,  has  sunk  froia  a  height  of  about  «:eventy  to  twen* 
ty  feet,  nnd  the  main  cliff,  E,  before  more  than  fifty  feet  distant  from 
this  insulated  crag,  is  now  brought  almost  close  to  it.  This  motion  of 
the  sea-cliff  has  produced  a  farther  effect,  which  may  rank  among  the 
most  striking  phenomena  of  this  catastrophe.  The  lateral  pressure  of 
the  de>cending  n^cks  has  urged  the  neigiiboring  strata,  extending  be- 
neath the  shingle  of  the  shore,  by  their  state  of  unnatural  condensation, 
to  burst  upwards  in  a  line\parallel  to  the  coast — thus  an  elevated 
ridge,  more  than  a  mile  in  length,  and  rising  more  than  fortj  feet, 
covered  by  a  confused  assemblage  of  broken  strata,  and  immense  bktcks 
of  rock,  invested  with  sea-weed  and  corallines,  and  scattered  over  wilh 
shells  and  star-fish,  and  other  productions  of  tho  deep,  forms  an  extend- 
ed reef  in  front  of  the  present  range  of  cltflb."* 

A  full  account  of  this  remarkable  landslip,  with  a  plan,  sections,  and 
many  fine  illustrative  drawings,  wn^  published  by  Messrs.  Conjbeai* 
and  Buckland,f  from  one  of  which  the  annexed  cut  has  been  veduceii 
fig.  37. 

*  iiev.  W.  D.  CouybcMure,  letter  dated  Axminster,  Dec  31,  1889^ 
f  London,  J.  Mnnray,  1840, 
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View  of  th«  Axmonth  landslip  from  Grrat  Btodon,  lookin)?  weetward  to  the  Sidmoutb  hMs, 
and  eatuaxy  uf  ibe  £xe.   From  an  orixiaal  drawing  by  Mrs.  Backland. 


Cornwall. — Near  Penzance,  in  Cornwall,  there  is  a  projecting  tongue 
of  land,  called  the  **  Green,"  formed  of  granitic  sand,  from  which  more 
than  thirty  acres  of  pasture  land  have  been  gradually  swept  away,  in 
the  course  of  the  last  two  or  three  centuries.*  It  is  also  said  that  St 
Michael's  Mount,  now  an  insular  rock,  wfis  formerly  situated  in  a  wood, 
wveral  miles  from  the  sea ;  and  its  old  Cornish  name  (Caraclowse  in 
Cowse)  signiOes,  according  to  Carew,  the  Hoar  Rock  in  the  wood.f 
Between  the  Mount  and  Newlyn  there  is  seen  under  the  sand,  black 
Tegetable  mould,  full  of  hazel-nuts,  and  the  branches,  leaves,  roots,  and 
trunks  of  forest-trees,  all  of  indigenous  species.  This  stratum  has  been 
traced  seaward  as  far  as  the  ebb  permits,  and  many  proofs  of  a  sub- 
merged vegetable  accumulation,  with  stumps  of  trees  in  the  position  in 
which  they  grew,  have  been  traced,  says  Sir  Henry  De  la  Beche,  round 
the  shores  of  Devon,  Cornwall,  and  Western  Somerset.  The  facts  not 
only  indicate  a  change  in  the  relative  level  of  the  sea  and  land,  since 
the  species  of  animals  and  plants  were  the  same  as  those  now  living  in 
this  district ;  but,  what  is  very  remarkable,  there  seems  evidence  of  the 
submergence  having  been  effected,  in  part  at  least,  since  the  country 
was  inhabited  by  man.| 

A  submarine  forest  occurring  at  the  mouth  of  the  Parret  in  Somer- 
tetshire,  on  the  south  side  of  the  Bnstol  Channel,  was  described  by 
Mr.  L.  Homer,  in  1815,  and  its  position  attributed  to  subsidence.  A 
bed  of  peat  is  there  seen  below  the  level  of  the  sea,  and  the  trunks  oi 

♦  Boa<e,  Trans.  Ro^al  Geol.  Soc.  of  Cornwall,  voL  ii.  p.  129. 
I  Boase,  ibid.  voL  li.  p.  136. 

I  De  1a  Becbe'a  Report  oa  the  Qeology  of  Devon,      chap.  ziiL 
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large  trees,  such  as  the  oak  and  ye,w,  having  their  roots  still  diverging 
as  they  grew,  and  fixed  in  blue  clay.* 

Tradition  of  loss  of  land  in  Cornwall. — The  oldest  historians  men- 
tion a  tradition  in  Cornwall,  of  tbe  Bubmersion  of  the  Uonneaae,  a  ooim* 
tiy  said  to  have  stretched  from  the  Land's  End  to  the  Seilly  Islands. 
The  tnot»  if  it  existed,  most  have  been  thirty  miles  in  length,  and  per- 
haps ten  in  breadth.  The  land  now  remaining  on  either  side  is  from 
two  hundred  to  three  hundred  feet  high ;  the  intervening  sea  about 
three  hundred  feet  deep.  Although  there  is  no  authentic  evidence  for 
this  romantic  tale,  it  probably  originated  in  some  former  inroads  of  the 
Atlantic,  accompanying,  perhaps,  a  subsidence  of  land  on  this  eoastf 

West  coast  of  England. — Having  now  brought  together  an  ample 
body  of  proofs  of  the  destructive  operations  of  the  waves,  tides,  and 
currents,  on  our  eastern  and  southern  shores,  it  will  be  unnecessary  to 
enter  into  details  of  changes  on  the  we  stern  coast,  for  they  present 
merely  a  repetition  of  the  same  phenomena,  and  in  general  on  an  infe- 
rior scale.  On  the  borders  of  the  estuary  of  the  Bevem  the  flats  of 
Somersetshire  and  Gloucestei-shire  have  received  enormous  accessions, 
while,  on  the  other  baud,  the  coast  of  Cheshire,  between  the  rivers 
Mersey  and  Dec,  has  lost,  since  the  year  1764,  many  hmidred  yards, 
and  some  afiBrm  more  than  half  a  mile,  by  the  advance  of  the  sea  upon 
tiie  abrupt  clifis  of  red  clay  and  marb.  Within  the  period  above  men- 
tioned several  lighthouses  have  been  successively  abandoned.}  There 
are  traditions  in  Pembrokeshire!  and  Cardiganshire!  of  far  greater  losses 
of  territory  thsn  that  whieh  the  Lionnesse  tale  of  Cornwall  pretends  to 
eommemonit&  Th^  are  all  important,  as  demonstrating  that  the 
earllesif  inhabitants  were  fisaultar  with  the  phenomenon  of  incursions  of 
the  sea. 

Loss  of  land  on  the  coast  of  France, — ^The  French  coast,  particularly 
that  part  of  Brittany,  where  the  tides  rise  to  an  extraordinary  height,  is 

the  constant  prey  of  the  waves.  In  the  ninth  century  many  vll1ai<es 
and  woods  ar«'  rr-ported  to  have  been  carried  away,  the  coasst  undcrgo- 
ini^  great  change,  whereby  the  hill  of  St.  Michael  was  detached  from 
tiie  mainland.  The  pai'ish  of  Bour<,meuf,  and  several  others  in  that 
neiirhborhoud,  were  overlluwed  in  the  year  liiOO.  In  1*735,  during  a 
great  storm,  the  ruins  of  Palnel  were  seen  uncoTered  m  the  sea.^ 

*  GeoL  TnuiB.  Itt  wnM,  vcL  itL  p.  t89» 

+  B^'asp,  vol.  ii.  p.  ISO. 

i  StevcneoD,  Jaoneson's  Ed.  New  PhiL  Journ.  No.  8,  p.  886. 

I  Cunden, who  dtea  Oynddiu;  also  Bay,  **Onth«  Deluge  "  Phyt^TbeoL  p.M 

I  Mey rick's  Carditfan. 

\  Voa  UaSt  Ge«chidite,  <bc.  vol  I  p.  49. 
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CHAPTER  XX. 

AonoK  or  TIDS8  AMD  0URRSMT8 — Continued, 

• 

faniads  of  the  ae»  ftt  die  montlit  of  the  RIudo  in  Holland— Chasgee  b  fhe  armi 

of  the  Rhine — Proofs  of  subsidence  of  land—Eatnary  of  the  Bies  Bosoh,  formed 
in  1421 — Zuyder  Zee,  in  tho  13tb  ceiitnrv — Islands  destroyed — Delta  of  the 
Ems  converted  into  a  buy — Estuary  ul  tbcDollart  formed — Encroachment  ol 
the  sea  on  the  coast  of  Sleswick — On  shores  of  North  America — Tidal  wave, 
eaUed  tlie  Bore^lnfluence  of  tides  ana  eurrento  on  the  mean  level  of  aea^^ 
A  fion  of  current^)  in  inland  lakea  and  aeaa — Baltic — CimbHan  deluge — Straita 
of  Gibraltar — No  un tier-current  there — WhothL-r  salt  ia  precipitated  in  the 
Mediternuieaii — Waste  of  shores  of  Mediterranean. 

InroadM  </  theaeaat  thfi  mouiht  ^  the  JRhtM. — *Im  ,  Jie  of  British 
coast  coiiBi<)ered  in  the  preceding  chapter  offered  no  eznmple  of  the 
eooflict  of  two  great  aatagoimt  forces ;  the  influx,  on  the  one  hand,  of 
a  liver  draining  a  large  continent*  and,  on  the  otiier,  the  action  of  the 

wa<i^>,  tides,  and  corrents  of  the  ocean.  But  when  we  pass  over  by 
the  Straits  of  Dover  to  the  Continent,  and  proceed  northeastwards,  we 
find  an  admirable  illustratioa  of  such  a  contest,  where  the  ocean  and  the 

Rhine  are  opposed  to  each  other,  each  dispulinrj  the  cfround  now  occu- 
pied by  Holland  ;  the  one  striving  to  shape  out  nn  fstuary,  the  other 
to  form  H  (iella.  There  was  evidently  a  period  wlien  the  river  obtained 
the  ascendancy,  when  the  shape  and  perhaps  the  relative  level  of  the 
coa-st  and  set  of  the  tides  were  very  different  ;  but  for  the  last-  two 
thousand  years,  during  which  man  has  witnessed  and  actively  partici- 
pated in  the  sLruggle,  the  result  has  been  in  favor  uf  the  ocean  ;  the 
ai^ea  of  the  whole  territory  having  become  more  and  more  circumscribed ; 
itttnnl  and  artificial  baniers  having  given  away,  one  after  another 
and  manj  hundred  thousand  •human  beings  having  perished  m  the 
waves. 

Ckttnjf€»  m  At  amu  {f  the  iS^Mitf.— The  Rhine,  after  flowing  horn 
the  Grison  Alps,  eoghwAy  charged  with  sediment,  first  purifies  itself  in 
the  Lake  of  Gkmstance,  where  a  large  delta  is  formed ;  Uien  swelled  by 
the  Aar  and  numerous  other  tributaries,  it  flows  for  more  than  six  hun- 
dred  miles  towards  the  north ;  when,  entering  a  low  tract,  it  divides  into 
two  arms,  about  ten  miles  northeast  of  Cleves, — a  point  wliich  must 
therefore  be  considered  tlie  head  of  its  delta.  (See*,  map,  fig.  8.)  In 
speaking  of  the  delta,  I  do  not  mean  to  assnm*»  that  all  that  part  of 
Holland  which  is  comprised  within  the  several  arms  of  the  Rhine  ciui 
be  called  a  delta  in  the  strictest  sense  of  the  term  ;  because  some  por- 
tion of  the  country  thus  circumscribed,  as,  for  example,  a  part  of  Gel- 
derland  and  Utrecht,  consists  of  stnita  which  may  have  been  deposited 
in  the  sea  before  the  Rhine  existed.  These  older  tracts  may  either  have 
been  raised  like  the  Ullah  Bund  iu  Cutch,  during  the  period  when  the 
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The  dark  tint  between  Antwerp  and  Nienport,  repres«nt»  part  of  the  Nelherliui«)s  which 
land  In  the  time  of  the  K(>tiiiin.s  i>u-n  ovcrdowcd  by  liio  tea  D«fi>re  and  daring  the  5th.  oeotiuy, 
and  aftcrwar<ld  recunvertod  Into  land. 

sediment  of  the  Rhine  was  converting  a  part  of  the  sea  into  land,  or 
they  may  have  constituted  islands  previously. 

When  the  river  divides  north  of  Cloves,  the  left  arm  takes  the  name 
of  the  Waal ;  and  the  right,  retaining  that  of  the  Rhine,  is  connected,  a 
little  farther  to  the  nortii,  by  an  artificial  canal  with  the  river  Yssel. 
The  Rhine  then  flowing  westward  divides  again  southeast  of  Utrecht, 
and  from  this  point  it  Uikes  the  name  of  the  Leek,  a  name  which  was 
given  to  distinguish  it  from  the  northern  arm  called  the  old  Rhine, 
vhich  was  sanded  up  until  the  year  1825,  when  a  channel  was  cut  for 
it,  by  which  it  now  enters  the  sea  at  Catwyck.    It  is  common,  in  all 
great  deltas,  that  the  principal  channels  of  discharge  should  shift  from 
time  to  time,  but  in  Holland  so  many  magnificent  canals  have  been 
constructed,  and  have  so  diverted,  from  time  to  time,  the  course  of  the 
waters,  that  the  geographical  changes  in  this  delta  are  endless,  and 
their  history,  since  the  Roman  era,  forms  a  complicated  topic  of  anti- 
quarian research.    The  present  head  of  the  delta  is  about  forty  geo- 
graphical miles  from  the  nearest  part  of  the  gulf  called  the  Zuyder  Zee, 
and  more  than  twice  that  distiince  from  the  general  coast-Hnc.  The 
present  head  of  the  delta  of  the  Nile  is  about  80  or  90  geographical 
miles  from  the  se^i ;  that  of  the  Ganges,  as  before  stated,  220  ;  and 
that  of  the  Mississippi  about  180,  reckoning  from  the  point  where  the 
Atchafalaya  branches  off  to  the  extremity  of  the  new  tongue  of  land  in 
the  Gulf  of  Mexico     But  the  comparative  distance  between  the  lieada 
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nf  dettas  tad  the  sea  affords  no  poaittve  data  for  estimating  the  relative 
msgmtiide  of  the  alluvial  tracts  formed  hy  their  respective  rivers,  for 
the  Tamificationa  depend  on  many  vbiying  and  temporary  cironmsteii- 
ees,  and  the  area  over  which  they  extend  does  not  hold  any  constant 

ptoportioQ  to  the  volume  of  water  in  the  river. 

The  Rhine  therefore  has  at  present  three  mouths.  About  two-thirds 
of  its  waters  flow  to  the  sea  by  tlie  Waal,  and  the  remiiinder  is  rarricd 
partly  to  the  Znyder  Zee  by  tlio  Ysscl,  and  partly  to  the  oce:in  by  the 
Leek.  As  the  whole  coast  to  the  south  ns  fnr  as  Ostend,  and  on  the 
norih  to  the  entrance  of  the  Baltic,  has,  witli  few  eyreptions,  from  time 
immemori.'il,  yielded  to  the  force  of  the  waves,  it  is  evident  that  the 
common  delta  of  the  Rhine,  Meuse,  and  Scheldt,  for  these  thi'^e  rivers 
may  all  be  considered  as  dischare:in^  their  waters  into  the  same  part  of 
the  sea,  would,  if  its  advance  had  not  been  checked,  hu^c  become  ex- 
tremely prominent ;  and  even  if  it  had  remained  stationary,  would  long 
at  this  ham  projected  hi  beyond  the  rounded  outline  of  the  eoast,  Bke 
diat  strip  of  land  already  described  at  the  mouth  of  the  Mississippi. 
But  we  find,  on  the  oontiary,  that  the  klands  whieh  skirt  the  coast 
hiffe  not  only  lessened  in  8ise>  but  in  number  also,  while  great  bays 
have  hcen  fonned  in  the  mterior  by  incursions  of  the  sea. 

In  order  to  explain  the  incessant  advance  of  the  ocean  on  the  shores 
and  inland  countJ-y  of  Holland,  M.  E.  de  Beaumont  has  suggested  that 
there  has  in  all  probability  been  a  general  depression  or  sinking  of  the 
hnd  below  its  former  level  over  a  wide  area.  Such  a  change  of  level 
would  en.ible  the  sea  to  break  through  the  ancient  line  of  sand-banks 
and  islands  which  protected  the  coast, — would  lead  to  the  enlarj^ement 
of  bays,  the  formation  of  new  estuaries,  and  ultitiiatelv  to  the  entire 
snbmcrn;ence  of  lanfl.  These  views  appear  to  be  supported  by  the  fact 
that  several  peat-nu)--*  s  of  fresh-water  orij^in  now  J)ccur  under  tho 
level  of  the  sea,  especially  on  the  site  of  the  Zuyder  Zee  and  Lake 
Flevo,  presently  to  be  mentioned.  Several  excavations  hIso  made  for 
Wtlls  at  Utrecht,  Amsterdam,  and  llolterdam  have  proved,  that  below 
tiw  level  of  the  ocean,  the  8oU  near  the  coast  consists  of  alternations  of 
sand  with  marine  shells,  and  beds  of  peat  and  clay,  which  have  been 
traced  to  the  depth  of  fifty  feet  and  upwards,* 

I  have  said  that  the  coast  to  tho  south  sa  far  as  Ostend  hss  given 
va^  This  statement  may  at  first  seem  opposed  to  the  foet,  that  tho 
tiiet  between  Antwerp  and  Nieuport,  shaded  black  in  the  annexed  map 
•  as),  although  now  dfy  land,  and  supporting  a  lafge  popuhitbn, 
hss,  within  the  historical  period,  been  covered  with  the  sea.  This 
I'^gion,  however,  consisied,  in  the  time  of  the  Romans,  of  woods» 
marshes,  and  peat -mosses,  protected  from  the  ocean  by  a  chain  of 
sandy  dunes,  which  were  afterwards  broken  through  during  storms, 
wpeclilly  in  the  fifth  century'.  The  watf^rs  of  the  sea  durinir  theso 
trmptions  threw  down  upon  the  barren  peat  a  horizontal  bed  of  fertile 

*  E,  de  Beaamoot,  QMogie  Pratiqns,  vol  i*  p.  816,  end  ibid,  p^  860. 
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c%y,  wliich  is  in  some  places  three  yarrh  thii^k,  full  of  recent  shells  and 
works  of  art.  Tlie  inhabitants,  by  the  aid  of  ombanlvirK'nis  and  the 
sand  dunesi  of  the  coiist,  have  succeeded,  althougli  not  wuliout  frequent 
disasters,  in  defending  the  soil  thus  raised  by  the  marine  deposit,* 

Inroads  of  the  Sea  in  Holland. — it  we  pfiss  to  the  northward  of  the 
territory  just  alluded  to,  and  cross  the  Scheldt,  we  find  that  betweeo 
the  fourteenth  and  eighteenth  centuries  parts  of  the  islands  Walcherea 
and  Hi'Viland  were  swept  away,  and  several  populous  districts  of  Kad- 
zand,  lob^es  which  far  aiorc  than  counterbaluiKc  the  gain  of  land  caused 
by  the  sanding  up  of  some  pre-existing  creeks.  In  1658  the  Island 
Orisant  was  anoibilated.  One  of  the  most  memorable  inroads  of  the 
sea  ocoiirred  la  1421,  when  the  tide,  pouring  into  the  month  of  the 
united  Meuae  and  Waal,  burst  through  a  dam  in  the  dittrict  between 
Dort  and  Oertmdenbeig,  and  overflowed  aeventy-two  Tillages,  fomung 
a  large  sheet  of  water  called  the  Bies  Bosch.  (See  map,  fig.  38.) 
Thirtj'fire  of  the  Ytllagee  were  irretrievably  loBt»  and  no  vestige,  even 
of  their  ruins,  was  afterwards  seen.  The  rest  were  redeemed,  and  the 
site  of  the  others,  though  still  very  generally  represented  on  maps  as 
aft  estuaty^  has  m  fact  been  gradually  filled  up  by  alluvial  deposits^  ^ 
had  become  in  1636,  as  I  was  informed  by  Professor  HoU,  an  immense 
pUiin,  yielding  abuqdant  crops  of  hay,  though  still  uninhabited.  To 
the  north  of  the  Mouse  is  a  long  line  of  shore  covered  with  sand  dunes, 
whctb  great  encroachments  have  taken  place  from  time  to  time,  in  coo- . 
sequence  chiefly  of  the  prevalence  of  southeasterly  winds,  which  blow 
down  the  sands  towards  the  sea.  The  church  of  Scbevening^,  not  Isr 
from  the  Hague,  was  once  in  the  middle  of  the  village,  and  now  stands 
on  the  shore,  half  the  place  having  been  overwhelmed  by  the  waves  in 
1670.  Catwyck,  once  far  from  the  sea,  is  now  upon  the  shore  ;  two 
of  its  streets  having  been  overflowed,  and  land  torn  away  to  the  extent 
of  200  yards,  in  1 710.  It  is  only  by  the  aid  of  enibankraenta  that 
Petten.  and  sevurol  Other  places  farther  j^ortb,  have  been  defended 
against  the  sea. 

Formotiim  of  the  Zvyder  Zee  and  StraiLs  of  Staveren.^i:>\\\\  more 
important  ar(^  the  (^hanrjes  which  have  taken  place  on  the  coast  o[)po- 
site  the  riLjlu  ai-m  of  tlie  llliine,  or  the  Yssel.  where  the  ocean  has 
burst  throuL^h  a  large  i>thnuis,  and  entered  the  inland  lake  Fl'  vo. 
which,  in  ancient  times,  Wcis,  accordintr  to  Pomponiua  Mela,  formrJ  by 
the  overflowinsT  of  the  Rhine  over  certain  lowlands.  It  appeiirs  that, 
in  the  time  of  Tacitus,  there  were  several  lakes  on  the  present  site  of 
the  Zuyder  Zee,  between  Friesland  and  Holland.  The  successive  in- 
roads by  which  these  and  a  <;reat  part  of  the  adjoining  territory,  wtre 
transformed  into  a  great  gulf,  begar  about  the  commencement,  and 
were  completed  towards  the  close,  of  the  thirteenth  century.  Alttng 
gives  the  following  ration  of  the  occurrence,  drawn  from  miau' 
script  documents  of  contemporary  inhabitants  cS  the  neigfaboring  prov> 

•  Brlpalre.  M'-iu.  <!e  V Acad.  Roy.  de  BnizeUAi^  ton.  x.  1887.  BamootfBidletai 

of  the  aame  Soc.  tuoi.  v.  pi  648. 
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moM.  In  the  jear  1206,  the  lahmd  now  caUed  Wieringen,  to  the  aoath 
of  the  Tsiel,  was  etil]  a  part  of  the  mainhuMl*  but  dnring  Bereral  high 
floods  of  which  the  dattt  are  given,  ending  m  Deeeniber«  1251,  it  was 
•epaiated  from  the  continent.  By  subsequent  inenrsions  the  sea  con- 
tamed  great  parts  of  the  rich  and  populous  isthmus,  a  low  tract  which 
stretched  on  the  north  of  Lake  Flevo,  between  Staveren  in  Friesland 
and  Mederablick  in  Holland,  till  at  len'^th  a  breach  was  complt^ted 
about  ilie  year  1282,  and  afterwards  widened.  Great  destruction  ot 
Innd  took  place  when  the  sea  first  broke  in,  and  many  towns  were 
swept  away  ;  but  there  wa^i  afterwards  a  reaction  to  a  certain  extent, 
lanje  tracts,  at  first  submerged,  having  been  cradually  redeemed. 
The  new  straits  south  of  Staveren  are  more  thau  half  the  width  of 
th<^  of  Dover,  but  are  very  shallow,  the  greatest  depth  not  exceeding 
two  or  three  fathoms.  The  new  bay  is  of  a  somewhat  circular  form, 
and  hetween  tkiriy  and  forty  miles  in  diameter.  How  much  of  this 
■paoe  may  formerly  hare  been  ocoupied  by  Lake  FleVo  ia  unknown. 
(See  map,  fig.  38.) 

Jkftmetum  of  ifkmdt, — series  of  idands  stretching  from  the  Tezel 
to  the  mouths  of  the  Weser  and  Elbe  are  probably  the  last  jrelica  of  a 
tract  once  continuous.  They  have  greatly  diminished  in  size,  and 
ha?e  lost  about  a  third  of  their  number,  since  the  time  of  Pliny  ;  for 
that  naturalist  counted  twenty-three  islands  between  the  Texel  and 
Eider,  whereas  there  are  now  only  sixteen,  including  IToliiroland  and 
Neuwerk.*  The  island  of  Heligoland,  at  the  mouth  of  the  Elbe,  con- 
sists of  a  rock  of  red  marl  of  the  Keuper  formation  (of  the  Germans), 
and  is  bounded  by  perpendicular  red  cliffs,  above  200  feet  high.  Al- 
thoufrb,  accordincr  to  some  accounts,  it  has  been  greatly  reduced  in 
size  bince  th*-  year  800,  M.  Wiebel  assures  us,  that  the  ancient  map  by 
Meyer  cannot  be  depended  upon,  and  that  tlie  i.-^land,  according  to  the 
description  still  extant  by  Adaiu  of  Jireiuen,  was  not  much  larger  than 
now,  in  the  time  of  Charlemagne.  On  compantig  the  map  made  in 
the  year  1703  by  the  Danish  engineer  Wessel,  the  average  encroach* 
meat  of  the  sea. on  the  cliffs,  between  that  period  and  the  year  1848 
(or  about  half  a  ceatuty),  did  not  amount  to  more  than  three  feet.f 
On  the  other  hand,  some  few  islands  have  extended  their  bounds  In 
one  dureotion,  or  become  connected  with  others*  by  the  eaading-up 
of  channels ;  but  even  these,  like  Jtust,  have  generally  given  way  as 
mnch  on  the  north  towards  the  sea  as  they  have  gained  on  the  south, 
or  land  side. 

The  Dollart  formed. — ^While  the  delta  of  the  Rhine  has  suffered  so 

materially  from  the  movements  of  the  ocean,  it  cnn  hardly  be  supposed 
llmt  minor  vivers  on  the  same  coast  should  have  been  permitted  to  ex- 
lend  their  deltas.  It  app'-nrs  t)irit  in  lime  of  the  Romans  there 
was  an  alluvial  plam  of  great  lertility,  where  the  Kms  entered  the  sea 

♦  VoD  Hofi;  voL  i,  p.  864. 

\  Quart  Jonra.  OeoL  Boa  voL  iv.  p  82 ;  Mcmoini 
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by  ibree  arma.  This  low  oovntiy  Bti«ie1i«d  between  Groningeii  md 
Friesland,  ami  sent  oal  a  peninsula  to  the  northeast  towards  Einden.  A 
flood  in  1277  first  destroyed  part  of  the  peninsula.  Other  mnndalioDS 
followed  at  different  periods  throughout  the  fifteenth  century.  In 
1507a  ^  p^rt  only  of  Torum,  a  considerable  town,  remained  standing; 
and  in  spite  of  the  erection  trf  dams,  the  remainder  of  that  plaee»  to* 
gether  with  market-towns,  villages,  and  monasteries,  to  the  number  of 
fifty,  were  finally  overwhelmed.  The  new  gulf,  which  was  called  the 
Dollart,  altliough  sniall  in  comparison  to  the  Zuyder  Zee,  occupied  no 
less  thrm  six  square  miles  at  first  ;  but  part  of  this  space  w;ls,  in  the 
course  of  the  two  following  cr'nturics,  again  rod'^omod  fmni  the  sea 
The  small  bay  of  Lcybucht,  farther  north,  was  formed  m  a  smnhir  man- 
ner in  the  thirteenth  century  ;  and  tin-  1)  iv  of  Harlbuchl  in  ilic  middio 
of  the  sixteenth.  Both  of  these  have  since  been  partially  reconverted 
into  dry  land.  Another  new  estuary,  called  the  Gulf  of  Jalide,  near 
the  mouth  of  the  Woser,  scarcely  inferior  in  size  to  the  Dollarf.  hai 
been  gradually  hQlluwcd  out  since  the  year  1016,  between  In  .  h  era 
and  IGol  a  space  of  about  four  square  miles  has  been  addud  to  the 
sea.  The  rivulet  which  now  enters  this  inlet  is  very  small :  but 
Arens  conjectures  that  an  arm  of  the  Weser  bad  once  an  outlet  in 
that  direction. 

Ooatt  SUtmidk. — ^Farther  north  we  find  so  mnj  records  of  waste 
on  the  western  coast  of  Sleswick,  as  to  lead  ns  to  anticipate  that»  at  no 
distant  period  in  the  history  of  the  physical  geography  of  Europe^  Jut- 
land may  become  an  islsnd,  and  the  ocean  may  obtain  a  more  direct 
entrance  mto  the  Baltic  Indeed,  the  temporary  insulation  of  (he 
northern  extremity  of  Jutland  has  been  affected  no  less  than  four  times 
within  the  records  of  history,  the  ocean  having  as  often  made  a  breach 
through  the  bar  of  sand,  which  usually  excludes  it  from  the  Lym  Fiorl 
This  long  frith  is  120  miles  in  length  includbg  its  windmgs,  a^  com* 
munieates  at  its  eastern  end  with  the  Baltic.  The  last  irruption  of  salt 
water  happened  in  1824,  and  the  fiord  was  still  open  in  1887,  when 
Fnrtif^  vf  s  rls  of  thirty  totts'  burden  passed  through. 

The  Marsh  islands  between  the  rivers  Elbe  and  Eider  are  mere  banks, 
like  the  lands  formed  of  the  "  warp"  in  the  Humber,  protected  by  dikes. 
Some  of  them,  after  having  Imm  inhabited  with  security  for  more  than 
ten  centuries,  have  been  suddenly  overwhelmed.  In  this  manner,  in 
r2K,.  no  less  than  ten  thousand  of  the  inhabitants  of  Eiderstede  and 
l)iifiiirsch  perished;  and  on  the  11th  of  October,  1634,  the  islands 
aud  the  whole  coast,  as  far  as  Jutland,  suffered  by  a  dreadful  deluge, 

J)€$tructtm  of  Norlhsirand  by  Ike  sea. — N«jrilistrand.  up  to  the  year 
1240,  was,  with  the  islands  Sylt  and  Fdhr,  so  nearly  connected  with  the 
mainland  as  to  appear  a  peninsula,  and  was  called  North  Fnesland,  a 
highly  cultivated  and  populous  district.  It  measured  from  nine  to 
eleven  geographical  miles  from  north  to  south,  and  six  to  eight  from 
east  to  west.  In  tlie  above-mentioned  year  it  was  torn  asundc>  from 
the  continent,  and  in  part  overwhelmed.    The  isle  of  Northslraud, 
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tlm  fonned,  was,  towards  tbe  end' of  tbe  tiiteenth  eentmy,  onlf  font 
geographical  mOes  in  oireimiferenee,  and  was  still  celebrated  for  ita 
tMnim  and  nmnerous  popoktion.  After  inAny  losses,  it  stil!  eon 
tdaed  nine  thoosand  inhabitants.  At  last,  in  the  year  1684,  on  the 
erening  of  the  11th  of  October,  a  flood  passed  over  the  whole  island, 
wberebf  1300  houses,  with  many  churches,  were  lost ;  fifty  thousand 
held  of  cattle  perished,  and  above  six  thousand  men.  Three  small 
ideli,  one  of  them>  still  called  Korthstrsad,  alone  remained,  which  ate 
sow  eontbually  wasting. 

The  redandan^  of  river  water  in  the  Baltic,  especially  during  the 
melting  of  ice  and  snow  in  sprin;^,  causes  in  general  an  outward  current 
ihniagh  the  channel  called  the  Cnttegat.  But  after  a  continuance  of 
north  westerly  gales,  especially  during  the  height  of  the  epring-tides,  the 
Atlantic  rises,  and  pouring  a  flood  of  water  into  the  Baltic,  commits 
dreadful  devastations  on  the  isles  of  the  Danish  Archipelago.  This 
current  even  nets,  thouf]^h  with  diminishod  forco,  as  far  eastward  as  the 
virinltv  of  D.mtzic.*  Accounts  written  durinij^  the  last  ten  cfnturii'S 
attest  the  wearinrr  down  of  promontories  on  tlie  Danish  coiist,  the  d^f  p- 
eninj^  of  trulfs,  the  severing  of  penin<?u!as  from  tlie  mainland,  and  tin? 
-a;U' of  isla rids,  while  in  several  cases  marsh  land.  drtVudrfl  fur  rcn- 
imm  by  dikes,  has  at  last  been  overtl  ns  .  d,  and  thousands  of  ih«» 
inluibitants  ^whelmed  in  the  waves.  Thus  the  island  Baiiioe,  on  the 
ea^l  of  Rleswick,  has  lof»t,  year  after  year,  an  acre  at  a  time,  and  tiie 
island  XUcn  suffers  in  like  manner. 

Ci'mhrian  dehiqe. — As  we  have  already  seen  iliaL  iluring  the  flood 
before  mentioned,  6000  men  and  60,000  head  of  cattle  perished  on 
Siortbstrand  on  the  western  coast  of  Jutland,  we  are  all  well  prepared 
to  tied  that  this  peninsula,  tbe  Cimbrica  Chersonesus  of  tbe  ancients, 
Imi  fmn  a  remote  period  been  the  theatre  of  like  catastrophes.  Ac- 
MniiDgly,  Strabo  records  a  story,  although  he  treata  it  as  an  incredible 
fclico,  that,  during  a  high  tide,  the  ocean  rose  upon  this  coast  so  rap- 
•Af,  that  men  on  horseback  were  scarcely  able  to  escape.f  Florus, 
dUing  to  the  same  tiadition,  says,  Gimbri,  Teotooi,  atque  Tigurini, 
tb  ortremis  6alli«  profugi,  cOm  terras  eorum  inundasset  Oceanos,  no- 
ns  flBdes  toto  orbe  qnflBrebant."t  This  event,  oomsaonly  called  the 
**  Ciokbiisn  Dehigey'*  is  supposed  to  haye  happened  about  three  eentu- 
M  bsfore  the  Christian  era ;  but  it  is  not  improbable  ^at  the  principal 
eatattrophe  was  preceded  and  followed  by  many  devastations  like  tho^p 
dpoieoced  in  modern  times  on  the  islands  and  shores  of  Jutland,  and 
neh  cslamities  may  well  be  conceived  to  have  forced  on  the  migration 
of  some  maritime  tribes. 

Tnrmfis  of  the  *fa  on  the  ecLstem  shores  of  North  America. — After  «o 
TTiany  authentic  details  respecting  the  destruction  of  the  coast  in  parts 
o(  £urofie  best  known,  it  will  be  unnecessary  to  multiply  examples  oi 


•  examples  in  Von  Bofl(  Toi  i  p»  YS,  who  dtet  I^8aD«k> 
f  Book  vii.  Ctmbri.  %  lihi  iiL  cap  S 
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analogous  diaoges  in  more  distant  regions  of  tlie  world.  It  must  not. 
howoTer,  be  imagined  tiiat  our  own  seas  form  any  exception  to  tbs 
genenl  mle.  Thaa»  for  example,  if  we  pass  over  to  the  eaatem  eoMt 
of  NorUi  America,  where  tiie  tides  rise,  in  the  Bay  of  Pondy,  to  a  giest 

elevation,  we  find  many  facts  attesting  the  mcessant  demolition  of  land. 
Cliffs,  often  several  hundred  feet  high,  composed  of  sandstone,  red  marl, 
and  other  rocks,  which  border  that  bay  and  its  numerous  estuaries,  are 
perpetually  undermined.  The  ruins  of  these  cliffs  are  gradually  carried, 

in  the  form  of  mud,  sand,  and  large  boulders,  into  the  Atlantic  bv  pow- 
erful currents,  aided  at.  certain  seasons  by' drift  ice»  which  forms  aiocig 
the  coast,  and  freezes  round  large  !>tories. 

At  Cape  May,  on  the  north  side  of  Delaware  Bay,  in  the  United 
States,  the  encroachment  of  thi'  sea  was  sliown  hv  observations  made 
consecutively  for  sixteen  years,  from  1804  to  1H20,  to  average  about 
nme  feef  a  year  ;*  and  at  Sullivan's  Island,  which  lies  on  the  north 
side  of  the  entrance  of  the  harbor  of  Charleston,  in  South  Carolina, 
the  sea  carried  away  a  quarter  of  a  mile  of  land  In  three  years^  endog 
in  1786.t 

Tidat  fffoiw  ealkd  **  the  Bon" — ^Before  concluding  my  remarlB  on 
the  action  of  the  tides,  I  must  not  omit  to  mention  the  wave  called  '*the 
Bore,"  which  is  sometimes  produced  in  a  river  where  a  large  body  of 

water  is  made  to  riselsuddenly,  in  consequence  of  the  contniction  of  the 
channel.  This  wave  terminates  abruptly  on  the  inland  side ;  becsnse 
the  quantjity  of  water  contained  in  it  is  so  greats  and  its  motion  so  rapid, 
that  time  is  not  allowed  for  the  surface  of  the  river  to  be  immediately 
raised  by  means  of  transmitted  pri^ssure.  A  tide  wave  thus  rendered 
abrupt  has  a  close  analogy,  oli^^  rves  Mr.  Whewell,  to  the  waves  which 
curl  over  and  break  on  a  slieh  uig  shore.J 

The  Bore  which  enters  the  Severn,  where  the  phenomenon  is  of  al- 
most daily  occurrence,  is  sometimes  nine  feet  high,  and  at  spring-tides 
rushes  up  the  estuary  with  cxtruordiuury  rapidity.  The  finest  example 
which  I  have  seen  of  this  wave  was  at  Nova  Scotia,§  where  the  ude  u 
said  to  rise  in  some  places  seventy  feet  peipendicular,  and  to  be  the 
highest  in  the  world.  In  the  large  estuary  of  the  Shnbenacadie,  whteh 
connects  with  another  estuary  called  the  Basm  of  Mines,  itself  an  em- 
branchment  of  the  Bay  of  Fundy,  a  vast  body  of  water  comes  rttsfatog 
np,  with  a  roaring  noise,  into  a  long  narrow  channel,  and  while  it  is 
ascending,  has  all  the  appearance  of  pouring  down  a  slope  ss  steep 
as  that  of  the  celebrated  rapids  of  the  St.  Lawrence.  In  picturesque 
effect,  however,  it  bears  no  comparison,  for  instead  of  the  transparent 
green  water  and  snow-white  foam  of  the  St.  Lawrence,  the  whole  cur- 
rent of  the  Shubcnacadie  is  turbid  and  densely  charged  with  red  mud. 
The  same  phenomenon  is  frequently  witnessed  in  the  principal  branch«-s 
of  the  Ganges  and  in  the  Megna  as  before  mentioned  (p.  219),  "In 

♦  Now  >r.int}ily  Mag.  voL  vi  p.  69. 

4  Von  Hoff,  vol.  i.  p.  96.  X  Pliil.  Trans.  18.«?8,  p.  204. 

I  See  Lyeli'ft  Travels  iu  Kortb  America,  in  1842,  voL  il  p.  Idd.   London,  1M5 
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the  Hoogly,"  says  Rennell,  "  the  Bore  commences  at  Hoogly  Point,  the 
place  where  the  river  first  contracts  itself,  and  is  perceptible  above 
Hoogly  Town;  and  so  qmk  h  its  mo^km,  that  it  hardly  employs  four 
boon  is  traTeUing  from  one  to  the  other,  tlioiigh  the  distance  is  nearly 
seventy  miles.  At  Oaleutta  it  sometimes  occasions  an  mstantaneons 
liM  of  five  feet ;  and  hoth  here,  and  in  eveiy  other  port  of  its  track, 
the  hosts,  on  its  approach,  immediately  quit  the  shore,  and  make  for 
safety  to  the  middle  of  the  river.  In  the  channels,  between  the  islands 
in  the  month  of  the  Megna,  the  height  of  the  Bore  is  said  to  exceed 
twelve  feet ;  and  is  so  terrific  in  its  appearance^  and  dangerous  in  its  con- 
leqiieneesb  that  no  boat  will  Tentttre  to  pass  at  spring-tide."*  These 
waves  may  sometimes  cause  inundations,  undermine  diflfe,  ^nd  still 
more  frequently  sweep  away  Irces  and  land  ahimals  from  low  shores,  so 
that  they  may  be  carried  dowd,  and  ultimately  imbedded  in  fluviatile  or 
sttbmahae  deposits. 

CUKREXTS  IN  INLAND  ULKX8  ABD  BSAfl. 

In  such  large  bodies  of  water  as  the  North  American  lakes,,  the  con- 
tiansnee  of  a  strong  wind  in  one  direction  often  causes  the  elevation  of 
Ae  water,  and  its  accumulation  on  the  leeward  side ;  and  while  the 
equilibrinm  is  restoring  itself  powerful  currents  are  occasioned.  In 
October,  1833,  a  strong  current  in  Lake  Erie,  caused  partly  by  the  set 
of  the  waters  towards  the  outlet  of  the  lake,  and  partly  by  the  prevail- 
ing wind,  burst  a  passage  through  the  extensive  peninsula  called  Long 
Point,  and  soon  excavated  a  channel  more  than  nine  feet  deep  and  nine 
hundred  feet  wide.  Its  width  and  depth  have  since  increased,  and  a 
nt'W  and  costly  pier  has  been  erected  ;  for  it  is  hoped  thnt  this  event  will 
permanently  improve  the  naviLjauon  of  Lake  Erie  for  steamboats. f  On 
the  opposite,  or  southern  coast  of  this  lake,  in  front  of  the  town  of  Cleve- 
land, the  degradation  of  the  cliffs  had  been  so  rapid  for  several  yeara 
preceding  a  survey  made  iti  IH-il,  as  to  threaten  many  towns  ^viih  demo 
lition.J  In  the  Black  Sea,  also,  although  free  from  tides,  we  learn  from 
Pallas  that  there  is  a  sufficiently  strong  current  to  nndermine  the  cliffs 
in  msny  parts,  and  particularly  in  the  Crimea. 

Siraitt  of  GtbraUair, — ^It  is  well  known  that  a  powerful  current  sets 
eoQstantly  from  the  Athintic  into  the  Mediterrsnean,  and  its  influence 
citends  along  the  whole  southern  borders  of  that  sea,  and  eyen  to  the 
ihores  of  Asia  Hmor.  Captain  Smyth  found,  during  his  survey,  that 
•  tbe  central  euirerit  ran  constantly  at  the  rate  of  from  three  to  six  miles 
an  hour  eastward  into  the  Mediterranean,  the  body  of  water  being  three 
miles  and  a.half  wide*  ^ut  there  are  also  two  lateral  currents — one  on 
tiie  European,  and  one  on  the  African  side  ;  each  of  th^  about  two 
miles  and  a  half  broad,  and  flowing  at  about  the  same  rate  as  the  central 
stream.   These  lateral  currents  ebb  and  flow  with  the  tide,  setting  alter- 

•  Bmnel],  FhiL  Trans.  1781.         f  MS.  of  Capt  Bayfield,  &  N. 
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nately  into  the  iMediterranean  and  into  the  Atlantic.  The  excess  ol 
water  constantly  flowing  in  is  very  great,  and  there  is  only  one  cause  to 
wUdi  tbiB  ean  be  attributed,  the  loss  of  water  in  the  Mediterranean  bj 
Mporation.  That  the  leyel  of  tbis  sea  should  be  conaideiably  depress- 
ed by  this  eaose  U^uite  oooceiTable,  siooe  we  know  that  the  winds 
blowing  from  tbe  shotes  of  Africa  are  hot  and  dry ;  and  hygrometiied 
experimenta  recently  made  In  Malta  and  other  places,  show  that  the 
mean  quantity  of  moisture  in  the  air  investing  the  Mediterranean  is  equal 
only  to  one  half  of  that  in  the  atmosphere  of  England.  The  temperature 
also  of  tbe  great  inland  sea  is  upon  an  aTerage  higher,  by  3  of  Sabren- 
belt,  than  l^e  eastern  part  of  tbe  Atlantic  Ocean  in  the  same  latitode, 
which  must  greatly  promote  its  evaporation.  The  Black  Sea  being 
ettuated  in  a  bigber  latitude,  and  being  the  reoeptaele  of  riven  flowing 
from  the  north,  is  much  colder,  and  its  expenditure  far  less ;  accordingly 
It  does  not  draw  any  supply  from  the  Mediterranean,  buti  on  tbe  con- 
trary, contributes  to  it  by  a  current  flowing  outwards,  for  the  most  psrt 
of  the  year,  through  the  Dardanelles.  The  discharge,  however,  at  tbe 
Bosphoms  ia  so  small,  when  compared  to  the  volume  of  water  carried  ia 
by  rivers,  as  to  imply  a-  great  amount  of  evaporation  in  the  Black  8e&. 

Whether  salt  be predpitaied  in  the  Mediterranean. — It  in  fv>\vever, 
objected,  that  evaporation  carries  away  only  fresh  water,  and  that  the 
ciirront  from  the  Atlantic  is  continually  bringing  in  saltwater:  why, 
then,  do  not  the  component  parts  of  the  wat*»rs  of  tlio  Mediterranean 
vary  ?  or  how  can  they  remain  so  nearly  the  same  as  those  of  tlie  ocean? 
Some  have  imn^ined  that  the  excess  of  salt  might  be  carried  aw;iy  bv 
an  under-current  running  in  a  contraiy  direction  to  the  superior  ;  and 
this  hypothesis  appeared  to  reqeive  confirmation  from  a  late  discover)*, 
that  the  water  taken  up  il    it  fifty  miles  within  the  Straits,  from  adepili 
of  670  fathoms,  conUiin«  d  a  ijuantity  of  salt  four  times  greater  than  the 
water  of  the  surface.    Dr.  Wollaston,*  who  analyzed  this  water  obtain- 
ed by  Captain  Smyth,  truly  inferred  that  an  under-current  of  such 
denser  water  flowing  outward,  if  of  equal  breadth  and  depth  with  the 
current  near  the  surface,  would  caiTy  out  as  much  yilt  below  as  is  brought 
in  above,  alth<  ai^li  it  moved  with  less  than  one-fourth  part  of  the  velo- 
city, and  woiUd  thus  prevent  a  perpetual  mcrease  of  saltness  m  tbe 
Mediterranean  beyond  that  einting  in  the  Atlantic.  It  was  also  remark- 
ed by  others,  tbat  tbe  result  would  .be  tbe  same,  if  tbe  swiftness  bang 
equal,  tbe  inferior  ourrent  bad  only  one*fourtb  of  the  volume  of  the 
superior.  At  tbe  same  time  there  appeared  reason  to  conclude  that  tbii 
great  Specific  gravity  was  only  acquired  by  water  at  immense  depths ; 
for  two  specimens  of  tbe  water,  taken  within  tbe  Mediterrsnean,  at  tbe 
distance  of  some  hundred  miles  from  tbe  Strtdts,  and  at  defitbs  of  400 
and  even  460  fathoms,  were  found  by  Dr.  WoUaaton  not  to  exceed  in 
density  that  of  nwny  ordinary  samples  of  sea-water.  Sueb  being  the 
ease,  we  ean  now  prove  tbat  tbe  vast  amount  of  salt  brought  Into  the 
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ifediterranean  docs  not  pass  out  again  by  the  Straits ;  for  it  appears  bj 
Captain  Smyth's  soundings,  which  Dr.  Wallaston  had  not  seen,  that 
between  tiiu  capes  of  Trafalgar  and  Spartel,  wbick  are  twenty  two  milea 
apart,  and  where  the  Straits  are  sballowesty  the  deepest  part,  which  is 
00  the  side  of  Cape  Spartel,  is  only  220  £iiboiiis«  It  is  therefore  evi* 
dent,  that  if  water  ainlis  in  certaia  parts  of  the  Medtterraaeaii,  ia  oonse- 
qneaoe  of  the  inerease  of  its.  specific  gravity,  to  greater  depths  thjso  220 
faiboms,  it  can  never  flow  out  again  into  the  Atlnntie,  since  it  must  be 
stopped  by  the  submarine  hairier  which  crosses  the  shallowest  port  of 
the  Sttaits  of  Gibraltar. 

The  idea  of  the  existence  of  a  connter-cnrrent,  at  k  certain  depth, 
fint  originated  in  the  following  circumstances  :<--M.  De  TAigle,  com> 
tmoder  of  a  privateer  called  the  Phcsnix  of  Marseilles,  grave  chase  to  a 
Patch  merchant*ship,  near  Ceuta  Pomt»  and  coming  np  with  her  in  the 
aitddle  of  ih^  gat,  between  Tarifla  and  Tangier,  gave  her  one  broadside, 
wliich  directly  sunk  her.  A  few  days  after,  t\ie  sunken  ship,  with  her 
eargo  of  brandy  and  oil,  wa^  r  i  t  r>hore  near  Tangier,  which  is  at  least 
four  lea^iie"^  to  tlie  westward  of  the  place  where  she  went  down,  and 
(0  which  she  must  have  floated  in  a  direction  contrary  to  the  course  of 
lbs  antral  current^  Thb  fact,  however,  affords  no  evidence  of  an 
Wider-cwrnMit,  because  the  ship,  when  it  approached  the  coast,  would 
aecessfirilv  be  within  the  influence  of  a  lateral  current,  which  running 
westward  twice  every  twenty>four  hours,  might  have*brought  back  the 
vf*»5sf-l  to  Tani^ipr. 

What,  then,  becomes  of  the  excess  of  salt  ? — for  this  is  an  inquiry  of 
iW  hij^hest  f^eol.v^ical  interest.  Tlie  Rhone,  the  Po,  tlie  Nile,  and 
many  hundred  minor  streams  and  spriiiLi^s,  pour  nnniinlly  into  the  Med- 
f!<-rranean  lari^e  (juantilies  of  carbonate  of  lime,  t0L,'ether  with  iron,  mag- 
nesia, >ilica,  nlumina,  sulpiiur,  and  other  mineral  ingredients  in  a  state  of 
chemical  <'jlun.>n.  To  explain  why  the  influx  of  this  matter  does  not 
iiitf  the  com  position  of  this  sea  has  never  been  regarded  as  a  difficulty ; 
for  it  is  known  that  calcareous  rocks  are  forming  in  the  delta  of  the 
}{b'>:ie.  in  the  Adriatic,  on  the  coast  of  Asi  i  Muior,  and  in  other  locali- 
ti*-^.  Precipitation  is  acknowledged  to  be  the  means  whereby  the  sur- 
plus mineral  matter  is  disposed  of,  after  the  consumption  of  a  certain 
portion  in  the  secretions  of  testacea,  zoophytes,  and  other  marine  ani- 
mals. But  before  muriate  of  soda  can,  in  like  manner,  be  precipitated, 
the  whole  Mediterranean  ought,  according  to  the  received  principles  ol 
eheoiistry,  to  become  as  much  saturated  with  salt  as  Lalie  Anl,  the 
Dead       or  the  brine-springs  of  Cheshire. 

It  is  undoahtedly  true,  in  regard  to  small  bodies  of  water,  that  every 
pttticle  must  he  fully  saturated  with  muriate  of  soda  before  a  single 
oystal  of  aalt  can  be  formed ;  snob  is  probably  the  case  in  all  natural 
mltems*:  soeh,  for  example,  as  those  described  by  travellers  as  occur- 
liag  on  the  vieslem  borders  of  the  Black  Sea»  where  extensive  manhes 
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am  said  to  be  covered  tbin  fflma  of  salt  after  a  npid  evaporatum  of 
aea-water.  The  salt  ^lan^s  of  the  Rhone,  where  salt  has  toweliam 
been  pi  L  ipiuited  in  consideFable  abundanee,  have  been  already  men* 
tioned.  In  regard  to  the  depth  of  the  Heditenanean^'it  appeata  that 
between  Gibraltar  and  Ceuta,  Captain  Smyth  aonnded  to  the  enoimoat 
depth  of  050  fatfioniii,  and  ifound  there  a  gniTelly  bottom,  with  frag- 
ments of  broken  sheila.  Sauasure  sounded  to  the  depth  of  two  thou- 
sand feet,  within  a  few  yards  of  the  shore,  at  Nice  ;  and  M.  Beraxd  has 
lately  fatliomed  to  the  depth  of  more  than  six  thousand  feet  in  seTeial 
places  without  reaching  ihe  bottom.* 

The  central  abysses,  therefore,  of  this  sea  are,  in  all  hlcelihood,  at  least 
aa  deep  as  the  Alps  are  high  ;  and,  ;lh  at  the  depth  of  seven  hundred 
fathoms  only,  water  has  been  found  to  contain  a  proportion  of  salt  four 
times  greater  than  at  the  surface,  wo  may  prcsnrae  that  the  excess  of 
salt  may  b»  much  greater  at  the  depth  of  two  or  three  miles.  After 
evaporation,  the  surface  water  becomes  impregnated  with  a  slight  ex- 
cess of  siilt,  and  its  fspecitic  gravity  being  i]\n<  increased,  it  instantly 
falls  to  the  bottom,  while  lighter  water  rises  to  ilie  top,  or  flows  in  kl- 
erally,  being  always  supplied  by  rivers  and  the  cuiTent  from  the  Atlan- 
tic. The  heavier  duid,  when  it  arrives  at  the  bottom,  cannot  stop  if  it 
can  gain  access  to  any  lower  part  of  Uie  bed  of  the  sea,  not  previously 
occupied  by  water  of  the  same  density. 

How  fur  this  accumulation  of  brine  can  extend  before  the  inferior 
strata  of  water  will  part  with  any  of  their  siilt,  and  what  difl'erence  in 
such  a  chemical  process  the  immense  pressure  of  the  incumbent  ocean, 
or  the  escape  of  heated  vapors,  themuil  springs,  or  submarine  Tolcaoic 
emptions,  might  occasion,  are  questions  which  cannot  be  answered  m 
the  present  state  of  science. 

The  Straits  of  Gibraltar  are  said  to  become  gradually  wider  by  the 
wearing  down  of  the  cli£b  on  each  side  at  many  points ;  and  the  cor* 
rent  sets  akmg  the  coast  of  Africa,  so  aa  to  cause  considerable  inrosdi 
in  Tarious  parts,  particubirly  near  Carthage,  Near  the  Canopie  month 
of  the  Nile,  at  Aboukir,  the  coast  was  greatly  devastated  in  the  y«at 
l*IBi,  when  a  small  island  was  nearly  consumed.  By  a  series  of  simi- 
lar operations,  the  old  site  of  the  cities  of  Nicropolis,  Tapoairi%  Parra. 
and  Canopus,  have  become  a  sand'-bank.f 

Bull,  de  la  Soc,  G60L  de  Frnnce. — R/«uni<^,  p.  7*2, 
f  Clarke's  Travels  in  Europe,  A«»iu,  mid  Amca,  vol.  Jii.  pp.  aiu  aud  868,  4ti» 
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CHAPTER  XXI. 

RSPROBUCTIVE  EFFECTS  OF  TIDES  AND  OUERENTa. 

Bilwrie%  haw  ibniMd— SUttng  np  of  Mlnaries  does  not  oranponaato  tbe  low  ol 

laod  on  the  borders  of  the  ocean — Bed  of  the  Germaii  Oieai) — Composition  and 
extent  of  its  sand'banks — Strata  deposited  hy  currents  in  tho  luiglish  channel 
—On  the  shores  of  the  Mediterranean — At  the  moutiis  of  the  Amazon,  Orinoco^ 
■nd  MiniMippi— Wide  area  OTer  -which  etrata  may  be  fonned  hj  tUa  cause. 

From  the  facts  enumeFated  in  the  last  chapter,  it  appears  that  OD  thfi 
borders  of  the  ocean,  currents  and  tides  co-operating  with  Jie  waves  of 
the  sea  are  most  powerful  instruments  in  the  destruction  and  transpor- 
tation of  roclcs  ;  and  as  numerous  tributaries  discharge  their  alluvial  bur- 
den into  tlie  channel  of  one  great  river,  so  we  tind  that  many  rivers 
deliver  their  earthy  contents  to  one  marine  current,  to  be  borne  by  it  to 
a  distance,  and  deposited  in  some  deep  receptacle  of  the  ocean.  The 
current,  besides  receiN  ing  this  tribute  of  sedimentary  matter  from  streams 
draining  ilio  land,  acts  also  itself  on  the  coast,  as  docs  a  river  on  the 
clife  which  bound  a  valley.  Yet  the  waste  of  clilis  by  marine  currents 
comtitutes  on  the  whole  a  insigoificaDt  portion  of  tbe  denudation 
aimaalij  effected  by  aqueous  causes,  as  I  shall  point  out  in  the  sequel 
of  this  chapter  (p.'830). 

In  inland  seas,  where  the  tides  are  insensible,  or  on  those  parts  of  the 
burden  of  the  ocean  where  they-  are  feeble,  it  is  scarcely  possible  to 
prevent  a  harbor  at  a  riser's  mouth  from  silting  up ;  for  a  bar  of  sand 
or  mud  is  formed  at  points  where  the  velocity  of  the  turbid  river  is 
checked  by  the  sea,  or  where  the  river  and  a  marine  current  neutralise 
each  other^s  force.  For  the  current,  as  wc  have  seen,  may,  like  the 
nvpf,  hold  in  suspension  a  largo  quantity  of  sediment,  or,  co-operating 
with  tbe  waves,  may  cause  the  progressive  motion  of  a  shingle  beach  in 
one  direction.  I  have  already  alluded  to  the  erection  of  piers  and  groins 
at  certain  prices  on  our  southern  coast,  to  arrest  the  course  of  the  shingle 
and  sand  (see  p.  n  1 8).  Tlie  immediate  effect  of  these  temporaiy  obstacles 
is  to  cause  a  great  accumulation  of  pebbles  on  one  side  of  the  barrier, 
after  which  the  beach  still  moves  on  round  the  end  of  the  pier  at  a 
greater  distance  from  the  land.  This  system,  however,  is  often  attended 
with  a  serious  evil,  for  during  storms  the  waves  throw  suddenly  into 
the  harbor  the  vast  heap  of  pebbles  which  have  collected  for  years 
behind  the  groin  or  pier,  as  happened  during  a  great  gale  (Jan.  1839) 
St  Dover. 

The'  fonnation  and  keepmg  open  of  laige  estuaries  are  due  to  the 
tonUfitd  injtvmee  of  tidal  currents  and  rivers ;  for  when  the  tide  rises, 
alaigebody  of  water  suddenly  enters  the  mouth  of  the  river,  where, 
becoming  confined  within  narrower  bounds,  while  its  momentum  is  not 
dfistioyod,  it  is  ntged  on,  and,  having  to  pass  through  a  contracted 
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ohaiuiel,  rises  and  runs  mih  ioMSTdased  Telocity,  just  as  a  stream  wliflii  it 
readies  the  arch  of  a  bridge  scarcely  large  enough  to  give  passage  to 
its  waters,  ru^es  with  a  eteep  fall  through  the  arch.  Duriog  the  ascent 
of  the  tide,  a  body  of  fresh  water*  flowing  down  in  an  opposite  direo- 

tioa  from  the  higher  country,  is  arrested  in  iu  course  for  several  hours; 
nnd  thus  a  large  lake  of  fresh  and  brackish  water  is  accumulated,  which, 
wlien  the  sea  ebbs,  is  let  loose,  as  on  the  removal  of  an  artificial  sluice 
or  dam.  By  the  force  of  this  retirini^  water,  the  alluvial  sediment  hoih 
of  the  river  and  of  the  sea  is  swept  away,  and  transported  to  ^uch  a 
(iisL<ince  from  the  mouth  uf  the  estuary*  that  a  small  part  only  can 
return  with  the  next  tide. 

It  sometimes  happens,  that  during  a  violent  storm  a  large  bar  of  sand 
is  Bttddeoly  made  to  shift  its  position,  so  aa  to  pre?e&t  the  free  influx  of 
the  tides,  or  efflux  of  river  water.  Thus  ahont  the  year  1500  the  sands 
at  Bayonne  were  suddenly  thrown  across  the  month  of  the  Adoor. 
That  rirer,  flowing  hack  upon  itself»  soon  forced  a  passage  to  the  north- 
ward  along  the  sandy  plain  of  Capbreton,  till  at  last  it  reached  the  sea 
at  Bottcau,  at  the  distance  of  uven  kaguu  firom  the  point  where  it  had 
,  formerly  entered.  It  was  not  till  the  year  1670  that  thn  celebrated 
architect  Louis  de  Foix  undertook,  at  the  desire  of  Henry  III.,  to  reopen 
the  ancient  channel*  which  he  at  last  effected  with  great  difficulty.* 

In  the  estuary  of  the  Thames  at  London,  and  in  the  Gironde,  the 
tide  rises  only  for  five  hours  anr]  obbs  seven,  and  in  all  estuaries  the 
water  requires  a  longer  time  to  run  down  tli;m  up  ;  so  th;it  the  prepon- 
derating force  is  always  in  the  direction  which  tendsi  to  keep  open  a 
deep  and  broad  passage.  But  for  reasons  already  explained,  there  u 
naturally  a  tendencv  in  all  estuiwies  to  silt  up  partially,  since  eddies, 
and  backwaters,  and  points  where  opposing  streams  meet,  are  very 
uuiuerous,  and  constantly  change  their  position. 

Many  writers  have  declared  that  the  gain  on  our  eastern  coast,  since 
tho  earUest  periods  of  histoiy*  has^more  than  counterbahinced  the  kas; 
hut  they  have  been  at  no  pains  to  ^culate  the  amount  of  loss,  and  haie 
often  forgotten  that*  while  Ih^  new  acquisitions  are  manifest^  there  are 
rarely  any  natural  monuments  to  attest  the  former  existenee  of  the  Isnd 
that  has  been  carried  away.  They  have  also  taken  into  their  account 
those  tracts  artificially  recovered,  which  are  often  of  great  agrjfeultnra] 
importance,  and  may  remain  secure,  perhaps,  for  thousands  of  years, 
but  irhich  are  only  a  few  feet  above  the  mean  level  of  the  sea,  and  are 
thttefore  exposed  to  be  overflowed  again  by  a  small  proportion  of  the 
force  required  to  move  cliffs  of  consideniblc  height  on  our  shores.  If  it 
were  true  that  the  nrea  of  land  annually  abandoned  by  tlie  sea  in  p-('J 
aries  were  equal  to  that  invaded  by  it«  there  would  still  be  no  comp«u- 
sation  in  kind. 

The  tidal  eurrent  which  lluws  out  from  the  northwest,  and  bear* 
agtunst  the  eastern  coast  of  England,  transports,  as  we  have  seen,  mato* 

•  NouveUo  ChroDiqoe  do  la  YiUo  de  Bajooue,  pp.  lid,  139 :  1627. 
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liib  of  varimii  knidi.  Aided  by  tha  waves,  it  nndflnniiiee  icd  eweepi 
mj  the  gfanite,  gneiss,  trap-rooks*  and  eandetone  of  Shelknd*  tad 
fonoves  the  gravel  and  loam  of  the  elifb  €i  Holderaeas,  NorfolV,  and 
flnflblk,  whieh  are  between  twenty  and  three  hondred  feet  in  height, 
and  which  waste  at  various  rates  of  from  one  foot  to  six  yards  anunally. 
Itaho  hears  away,  in  oo>operation  with  the  Thames  and  the  tides,  the 
stmta  of  London  elay  on  the  eosst  of  Essex  and  Shcppey.  The  sea  at 
the  same  time  consumes  the  chalk  with  its  flmts  for  many  miles  con' 
tinaously  on  the  shores  of  Kent  and  Sussex— commits  annual  ravages 
OQ  the  freshwater  beds,  capped  by  a  thick  covering  of  chalk-flint  gravel, 
in  Hampshire,  and  continually  saps  tlv^  foundations  of  the  Portland  lime- 
stone. It  receive-'j,  beside,  during  the  rainy  months,  large  supplies  of 
t)ehb!e?i,  sand,  and  mud,  which  numerous  streams  from  the  Grampians, 
Ciieviots,  and  othor  chains,  send  down  to  the  sea.  To  what  re^ons, 
then,  is  all  this  matter  consigned?  It  is  not  ret^iined  in  mechanical 
suspension  by  the  waters  of  the  ocean,  nor  docs  it  mix  with  them  in  a 
state  of  chemical  solution — it  is  deposited  somewhere,  yet  certainly  not 
in  the  immediate  neighborhood  of  our  shores ;  for,  in  that  case,  there 
would  soon  be  a  eessation  of  the  enoroachment  of  the  sea,  and  large  « 
tiaets  of  low  land,  like  Romney  Manh,  would  almost  evety  where  endr- 
ele  our  island. 

As  there  is  now  a  depth  of  water  exceeding  thirty  feet»  in  some  spots 
where  towns  like  Bunwich  floorished  but  a  few  centuries  ago,  it  is  dear 
that  tha  emrent  not  only  carries  far  away  the  materials  of  the  wasted 
«Gfb,  but  is  capable  also  of  excavatiog  the  bed  of  the  sea  to  a  eertam 
oioderate  depth. 

So  great  is  the  quanUty  of  matter  held  in  suspension  by  the  tidal 
current  on  our  shores,  that  the  waters  are  in  some  places  artificially 
introduced  into  certain  lands  below  the  level  of  the  sea  ;  and  by  repeat- 
ing this  operation,  which  is  called  "  warpin^:,"  for  two  or  three  years, 
cnn^idemble  tract*?  have  been  raised,  in  the  estuary  of  the  Humber,  to 
the  height  of  about  six  feet.  If  a  current,  charged  with  such  material?, 
meets  with  deep  depressions  in  the  bed  of  the  ocean,  il  inusL  oUtii  hi\ 
liicui  up  ;  just  as  a  river,  when  it  meets  with  a  lake  in  its  course,  tills  it 
gradually  with  sediment. 

I  have  said  (p.  387)  that  the  action  of  the  waves  and  currsnts  on  sea- 
difb,  or  their  power  to  remove  matter  from  above  to  below  the  sea- 
level,  is  insignificant  in  comparison  with  the  power  of  rivers  to  perform 
the  same  task.  As  an  illustration  we  may  take  the  coast  of  Holderaess 
described  in  the  last  chapter  (p.  304).  It  is  composed,  as  we  have 
iecn^  of  very  destructible  materials,  is  thirty-six  miles  long,  and  its  aver- 
age height  nay  be  taken  at  forty  feet.  As  it  has  wasted  away  at  the 
rate  of  two  and  a  quarter  yards  annually,  for  a  long  period,  it  will  be 
found  on  calculation  that  the  quantity  oi  matter  thrown  down  into  the 
sea  every  year,  and  removed  by  the  current,  amounts  to  51,321,000 
cubic  feet.  It  has  been  shown  that  the  unit'^d  Gartcres  and  Brahma- 
pootra carry  down  to  the  Bay  of  Bengal  40,000,000,000  of  cubic  feet 
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of  solid  matter  every  year,  so  that  their  tnasporting  power  is  no  Um 

than  780  times  [greater  than  that  of  the  sea  on  the  coast  above-mea- 
tioiied ;  and  in  order  to  produce  a  result  equal  to  that  of  the  two  Indian 
rivers,  we  must  have  a  line  of  wasting  coast,  like  that  of  Holderness, 
nearly  28,000  miles  in  leni^tli.  or  longer  than  the  entire  circumference 
of  the  globe  by  above  3000  miles.  The  reason  of  so  great  a  difference 
in  the  results  may  be  understood  when  we  reflect  that  the  oiternnons 
of  the  ocean  are  limited  to  a  sinorle  line  of  clifi  surroundinr^  a  Inrrre  area, 
whereas  great  rivers  with  their  tributaries,  and  the  mountain  torrents  which 
flow  into  them,  net  simultaneously  on  a  lenfjth  of  hivAk  filmost  indefinite. 

Nevertheless  we  arc  by  no  means  entitled  to  infer,  iliai  the  denuding 
force  of  the  great  ocean  is  a  geological  cause  of  small  efficacy,  or  in- 
ferior to  that  of  rivers.  Its  ehief  influence.is  exerted  at  moderate  depths 
below  the  snifaee,  on  all  those  areas  which  are  slowly  risiDg,  or  ai?s 
attempting,  as  it  were,  to  rise  above  the  sea.  From  data  hitherto  ob- 
tained respecting  subterranean  movements,  we  can  scarcely  spectdste 
on  an  average  rate  of  upheaYal  of  more  than  two  or  three  feet  in  a 
centniy.  An  elevation  to  this  amount  is  taking  place  in  Scandinavia^ 
«  and  probably  b  many  submBrine  areas  as  va^t  as  those  which  we  know 
to  be  sinking  from  the  proofs  derived  from  circular  lagoon  islands  or 
coral  atolls.  (See  chap.  60.)  Suppose  strata  as  destructible  as  those 
of  the  Wealden,  or  the  lower  and  upper  cretaceous  formation,  or  the 
tertiary  deposits  of  the  British  Isles  to  bf  thus  '^lowlv  upheaved,  h^w 
readilv  might  they  all  be  swept  away  hy  waves  and  currents  in  an 
open  sea  !  How  entirely  might  each  stratum  disappear  as  it  was 
brou{^hi  uj)  successively  and  exposed  to  tlie  breakers  !  Shoals  of  wide- 
extent  mii^ht  be  produced,  but  it  is  difiicult  to  conceive  bow  anv  con- 
tinent could  ever  be  formed  under  such  circumstances.  Wi n  it  not 
indeed  for  the  hardness  and  toughness  of  the  crystalline  and  volcanic 
rocks,  which  are  often  capable  of  resisting  the  action  of  the  waves,  few 
lands  might  erer  emerge  from  the  midst  of  an  open  aes. 

Supposed  fdlhij  up  of  ike  German  Ocean.'— The  German  Ooean  is 
deepest  on  the  Norwegian  side,  where  the  soundings  give  190  fathoms; 
bnt  the  mean  depth  of  the  whole  hasm  may  be  atated  at  no  more  than 
thirtj-ope  fathoms.*  The  bed  of  this  sea  is  traverBed  by  seversl  enor- 
mous banks,  the  greatest  of  which  is  the  Dogger  Bank,  extending  for' 
npwards  of  8S4  miles  from  north  to  south.  The  whole  superficies  of 
these  shoals  is  equal  to  about  one^third  of  the  whole  extent  of  Bngland 
and  Scotland.  The  average  height  of  the  banks  measnreSt  according  to 
Mr.  Stevenson,  about  seventy-eight  feet ;  the  upper  portion  of  them 
consisting  of  fine  and  coarse  siliceous  sand,  mixed  with  comminuted 
comls  and  shells, f  It  had  been  supposed  that  these  vast  submarine 
hills  were  made  up  l)odily  of  loose  materials  supplied  from  the  waste  ot 
the  English,  Dutch,  and  other  coasts ;  but  the  survey  of  the  North  St% 

*  Stevenson  on  bed  of  Oermnn  Ocean,  Ed.  Phil  Journ.  No.  T.  p,  44 :  1890L 

\  Steveudtm,  ibid.  p.  47  :  1620. 
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eoodneled  by  Captain  Hewett>  affimb  grounid  for  siispeethig  Uua  opin- 
vn  to  be  erromons.  If  such  immenie  mounds  of  sand  and  mod  had 
been  afienmtdated  under  the  Inflnenee  of  onrrenta*  the  same  eanses  oogbi 
neetly  to  have  rednoed  to  one  lerel  the  entire  bottom  of  the  Oennan 
Oeera ;  instead  of  which  some  long  narrow  ravines  are  found  to  inter- 
sect the  ban^s.  One  of  these  varies  from  seventeen  to  forty-four 
fathDms  in  depth,  and  has  very  precipitous  sides ;  in  ctn  part,  called 
the  "  Inner  Silver  Pits,"  it  is  fifty-five  fathoms  deep.  The  shallowest 
parts  of  the  Dogger  Bank  were  found  to  bo  forty-two  feet  under  water, 
except  in  on*-  [»1;ice,  where  the  wreck  of  a  ship  had  caused  a  shoal. 
Such  uniformity  in  the  minimum  depth  of  water  seems  to  imply  that 
the  eorrents,  which  vary  in  their  velocity  from  a  mile  *o  two  mil«'s  and 
a  half  per  hour,  have  power  to  prevent  the  accumulation  of  drift  matter 
m  places  of  less  depth. 

Strata  deposited  hi/  currents. — It  Rppoars  oxtraoi  ilinary,  that  in  some 
tracts  of  the  sea,  adjoiuin|^  tlio  coast  of  England,  where  we  know  that 
currents  are  not  only  sweeping  along  rocky  masses,  thrown  down,  from 
to  time,  from  (he  high  efiffii*  hut  sJso  occasionally  scooping  out 
disuBeb  in  the  regular  strata,  there  should  eiist  fragile  shells  and  ten-  * 
dersoophytea  in  ahnndaace,  which  live  uninjured  by  these  violent  move- 
mentSb  The  ocean,  however,  is  m  this  respect  a  counterpart  of  the 
hud ;  and  as,  on  the  continents,  rivers  may  undermine  their  banhs,  up- 
root trees,  and  roll  along  sand  and  gravel,  while  theur  waters  are  inhabit- 
ed by  testacea  and  fish,  and  their  alluvial  plains  are  adorned  with  rich 
fe^tation  and  forests,  so  the  sea  may  be  ti  avcrsed  by  rapid  currents, 
aod  its  bed  may  licrc  and  there  suflTer  great  local  derangement,  without 
any  interruption  of  the  general  order  and  tranquillity.  It  has  been  as- 
certained by  soundinc^*?  in  all  parts  of  the  world,  that  where  new  deposits 
are  taking?  pVyrf^  in  tlie  sea,  coarse  sand  and  small  pebbl<^  commonly 
occur  noar  the  >ijort',  wliile  farther  from  land,  and  in  deeper  water,  finer 
^nd  find  broken  shells  arc  spread  ont  over  the  bottom.  Still  farther 
out,  the  finest  mud  and  ooze  are  alone  met  with.  Mr.  Austen  observes 
that  this  rule  holds  gwd  in  every  part  of  the  English  Channel  examined 

him.  He  also  informs  us,  that  where  the  tidal  current  runs  rap- 
idly in  what  are  called  "  races,'*  where  surface  nndulatioiis  are  perceived 
m  the  calmest  weather,  over  deep  banks,  the  discoloiation  of  the  water 
does  not  arise  from  the  power  of  such  a  current  to  disturb  the  bottom 
It  s  depth  of  40  or  80  fathoms,  as  some  have  supposed.  In  these  eases, 
a  edtunn  of  water  sometimes  500  feet  in  height,  is  moving  onwards  with 
tbe  tide  clear  and  transparent  above,  while  the  lower  portioD  holds  fine 
sediment  in  suspenfflon  (a  fact  ascertained  by  soundings),  when  sud- 
denly it  impinges  upon  a  bank,  and  its  height  is  reduced  to  800  feet. 
It  is  thus  made  to  boil  up  and  tlow  off  at  the  surface,  a  process  which 
forces  up  the  lower  strata  of  water  charLjed  with  fine  particles  of  mud, 
which  in  their  passage  from  tbe  coast  had  gradually  sunk  to  a  depth  oi 
800  feet  or  more.* 

•  Bobi.  A.  0.  Aattea,  Qtiart.  Jonro.  OeoL  8oa  veL  vi|ii1«. 
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One  impoi  uinr  (  )iaiacter  in  the  formations  produced  bj  currenU-is 
the  iiumenso  e.\t<.iiL  over  which  they  may  be  the  means  of  diffusing 
homogeneous  mixtures,  for  these  are  often  coextensive  with  a  g^reat 
line  of  coast ;  and,  by  comparison  with  their  deposits,  the  deltas  of 
rivers  must  shrink  into  significance.  In  the  Mediterranean,  the  same 
ennent  which  is  rapidly  destroying  many  parts  of  the  African  coasW 
between  the  Straits  of  Gibraltar  and  the  Kile,  checks  abo  the  growth 
of  the  delta  of  the  Nile,  and  drifts  the  sediment  of  that  great  river  to 
the  eastward.  To  this  source  may  be  attributed  the  rapid  accretions 
of  land  on  parts  of  Uie  Syrian  shores  where  rireis  do.  not  enter. 

Among  the  greatest  deposits  now  in  progress,  and  of  which  the  dis- 
tribution is  chiefly  determined  by  cnrrents^  we  may  class  those  between 
the  mouths  of  the  Amason  and  the  southern  coast  of  North  Ameriea. 
Oaptain  Sabine  found  that  the  equatorial  cunent  before  mentisned 
(p.  392)  was  running  with  the  rapidity  of  four  miles  an  hour  where  it  ( rossss 
the  stieam  of  the  Amazon,  which  ri\  er  presenres  part  of  its  or^pnsl 
impulse,  and  has  its  waters  not  wholly  mingled  with  those  of  the  ocean 
at  the  distance  of  800  miles  from  its  mouth.*  The  sediment  of  the 
Amason  is  thus  constantly  carried  tQ  the  northwest  as  far  as  to  the 
mouths  of  the  Orinoco^  and  an  immense  tract  of  swamp  is  formed  along 
'  the  coast  of  Guiana,  with  a  long  range  of  muddy  shoals  bordering  the 
marshes,  and  becoming  converted  into  land.f  The  sediment  of  the 
Orinoco  is  partly  detained,  and  settles  near  its  mouth,  causing  the 
phoros  of  Trinidad  to  extend  rapi  JIv,  and  is  partly  swept  away  into  tlie 
Carribean  Sea  by  the  Guinea  current.  According  to  Humboldt,  much 
sediment  is  carried  again  out  of  the  Carribean  Sea  into  the  Gulf  of 
Mexico. 

It  should  not  be  overlooked  that  marine  currents,  even  on  coasts 
where  tliere  are  no  large  rivers,  niav  still  be  the  agents  ot  s.j)readinff  noi 
only  sand  and  pebbles,  but  the  tiuest  mud,  far  and  wide  over  the  boiiom 
'  of  tlie  ocean.  For  several  thousand  miles  along  the  west<»m  coast  of 
South  .Vinciica,  cua:i|;ii*ing  the  larger  parts  of  Peru  and  Chili,  there  is 
a  perpetual  rolling  of  shingle  along  the  shore,  part  of  which,  as  Mr. 
Darwin  has  shown,  arc  incessantly  reduced  to  the  finest  mud  by  the 
wayes,  and  swept  into  tlie  depths  of  the  Pacific  by  the  tides  and  cur- 
rents. The  same  author  however  haa  remarked  that,  nptwithstanding 
the  great  force  of  the  waves  on  that  shore,  all  rocks  60  feet  under  wsler 
are  coveied  by  8ea-weed»  showing  that  the  bed  of  the  sea  is  not  denuded 
at  that  depth,  the  effects  of  the  winds  Imng  comparatively  superfioiaL 
In  regard  to  the  distribution  of  sediment  by  currents  it  may  be  ob> 
served,  that  ^h^rate  of  subsidence  of  the  finer  mud  carried  down  by 
emy  great  river  mto  the  ocean,  or  of  that  caused  by  the  roUiiig  of  the 
wETes  upon  a  shore,  must  be  extremely  slow ;  for  the  more  minute  the 
separate  particles  of  mud,  the  slower  will  they  sink  to  the  bottooB,  and 

*  Experiments  to  detenmae  the  Vigoxe  of  the  Earth,  ^  p.  4Mb 
I  Locfaead  on  Nat  Hist  cf  Giiianis  £dia  Trsna  rcL  ir. 
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tlie  looDor  will  they  acquire  what  is  palled  their  terminal  Telocity.  It 
b  well  blown  that  a  solid  body,  descending  through  a  resbting  me- 
diom,  falls  hy  the  force  of  gzavity,  which  is  constant,  but  Its  motion  is 
resisted  by  the  medium  more  and  more  as  its  Teloaty  increases,  until 

the  resistance  beoomes  sufficient  to  counteract  the  &rthor  increase  of 
velocity.  For  example,  a  leaden  ball,  one  inch  diameter,  falling  through 
air  of  density  as  at  the  earth's  surface,  will  never  acquire  greater  veloci- 
ty than  260  feet  per  second,  and,  in  water,  its  greatest  velocity  will  be 

8  feet  6  inches  per  second.  If  the  diameter  of  the  ball  were  y  of  an 
inch,  the  terminal  velocities  in  air  would  be  26  feet,  and  in  wat^  '86  o£ 

ft  foot  per  second. 

Now,  every  chemist  is  familiar  with  the  fact,  that  minute  particles 
deaceod  with  extreme  slowness  through  water,  the  extent  of  Ihcir 
surface  being  very  great  in  proportion  to  their  weight,  and  the  resist- 
ance of  the  fluid  depending  on  the  amount,  uf  surface.  A  precipitate  of 
wlphate  of  baryta,  for  example,  will  sometimes  require  more  than  five 
or  m.  hours  to  subside  one  mch  ;*  whOe  oxalate  and  phosphate  of  lime 
leqaire  neatly  an  hour  to  subside  about  an  inch  and  a  half  and  two 
isohes  respectively,!  so  exeeedmgly  small  are  the  particles  of  whioh 
time  snbetances  consist* 

When  yre  recollect  that  the  depth  of  the  ocean  is  supposed  frequently 
loeneed  three  mOes,  and  that  currents  run  through  different  parts  of 
that  ocean  at  the  rate  four  miles  an  hour,  and  when  at  the  same  time 
we  consider  that  some  fine  mud  carried  away  from  the  mouths  of  rivers 
and  from  sea-beaches,  where  there  is  a  heavy  surf,  as  well  as  the  im- 
palpable powder  showered  down  by  volcanoes  may  subside  at  the  rate 
of  only  an  inch  per  hour,  wc  shall  be  prepared  to  find  examples  of  the 
&ansportation  of  sediment  over  areas  of  indefinite  extent. 

It  is  not  uncommon  for  the  emery  powder  used  in  iiolislii ng  glass  to 
take  more  than  an  hour  to  sink  one  foot.  Suppose  mud  composed  of 
coarser  particles  to  fall  at  the  rate  of  two  feet  per  hour,  and  these  to  be 
discharged  into  that  part  of  the  Gulf  Stream  which  preserves  a  moan 
velocity  of  three  miles  an  hour  for  a  distance  of  two  thousand  miles  ;  in 
twenty-eight  days  these  particles  will  be  carried  20 IG  miles,  and  will 
lisro  fsllen  only  to  a  depth  of  224  fathoms. 

In  this  example,  howeyer,  it  is  assumed  that  the  current  retains  its 
snperfieial  Telocity  at  the  depth  of  224  fothoms,  for  which  we  hsTO  as 
yst  no  data,  although  we  have  seen  that  the  motion  of  a  current  may 
continue  at  the  depth  of  100  &thoms.  (See  above,  p.  28.)  Experi- 
ments  shovld  be  made  to  ascertain  the  rate  of  cunents  at  considenible 
distsaces  from  the  snifiEice,  and  the  time  taken  by  the  ^|iest  sediment  to 
settle  in  sea*water  of  a  given  depth,  and  then  the  geologist  may  deter* 
mine  the  area  over  which  homogeneous  mixtures  may  be  simuitaiMonBly 
dirtiibuted  in  certain  seas. 

•  Oa  the  authority  of  Mr.  Faraday.      f  On  tbe  aothority  of  Mr.  &  Thmipa. 
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Obaiigw  of  flw  iiMMgaiue  vorM,  eonthuud—lgauau  emMS— Diriaioii  «f  IIm  sob 

ject — Distinct  volcanic  regioiw—Regi  n  f  the  AndeiF^yitem  of  volcanoet 
extenJing  frnm  tho  Aleutian  isles  to  the  Molucca  and  S«n<1«  i-lnri'J*— Pi  !r- 
netkiau  archipelago— Volcanic  region  extending  from  Centriil  Asia  to  the  Azores 
>— Tradition  of  ddugea  on  the  shores  of  the  Bosphorus,  Hellespont,  and  Orectan 
idet— Ptfkdieftl  altanwiion  of  eirtliqt»ke§  in  Sjrria  sad  Sootheni  Italj^ 
Wfliteni  limit*  of  the  European  region — Eartbqiiakcs  rarer  and  more  feeble  at 
vrc  roc<  flo  from  the  cnnfroo  of  Tokanio  ftction.  Extioct  Totoaooei  c ot  to  be  in- 
cluded in  lines  of  active  vents.  * 

Wb  hsre  lutherto  considered  tbe  changes  wrought,  since  the  times  of 
history  and  tiadition,  by  the  continued  action  of  aqneons  canses  on  the 
earth's  anifisce ;  and  we  havo  next  to  examine  those  resulting  from  ig- 
neous agency.  As  the  lirers  and  springs  on  the  land,  and  the  tides 
and  cvutents  in  the  sea,  hrn-i  .  ^vit]l  some  slight  modifications,  been  fixed 
and  constant  to  certain  localities  from  the  earliest  periods  of  which  we 
have  any  records,  so  the  volcano  and  tho  earthquake  have,  \?ith  few  ez- 
eeptions,  continued,  during  the  same  lapse  of  time,  to  disturb  the  same 
regions.  But  as  there  arc  signs,  on  almost  every  part  of  our  continent, 
of  great  power  having  been  exerlcd  by  running  water  on  the  surf;ice  of 
the  land,  and  by  waves,  tides,  and  currents  on  cliffs  bordering  (lie  sea, 
where,  in  modern  times,  no  rivers  have  excavated,  and  no  waves  or 
tidal  currents  undermined — so  we  find  signs  of  volcanic  vents  and  vio- 
lent subterranean  movements  in  places  where  the  action  of  fire  or  inter- 
nal heat  has  long  been  dormant.  We  can  explain  why  the  intensity  of 
the  force  of  aqueous  causes  should  be  developed  in  succession  in  diflFer- 
ent  districts.  Currents,  for  example,  tides,  and  the  waves  of  the  sea, 
cannot  destroy  coasts*  shape  o«t  or  silt  up  estuaries,  braak  tiirough 
isthmuses,  and  annihilate  islands,  foim  shoals  in  one  place,  and  remove 
them  from  another,  without  the  direction  and  position  of  .their  destroy- 
ing and  tmnsportbg  power  beo<»nmg  transfened  to  new  localilies* 
Keither  can  the  rehtive  levels  of  the  earth's  crust,  above  and  beneath 
the  watets,  vary  from  time  to  time,  as  they  are  admitted  to  have  varied 
at  former  periods,  and  as  it  will  be  demonstrated  that  they  still  do^ 
without  tho  continents  being,  in  the  course  of  ages,  modified,  and  even 
entirely  altered,  in  their  eztenial  configuration.  Such  events  must 
clearly  be  accompanied  by  a  complete  change  in  the  volume,  velocity, 
nnd  direction  of  th*:'  streams  and  land  floods  to  which  certain  regions 
give  passage,  'i'hat  we  should  find,  therefore,  cliffs  where  the  sea  ouce 
committed  ravages,  and  from  which  it  lias  now  retired — estuaries  where 
high  tidos  once  rose,  but  which  are  now  dried  up— valleys  hollowed 
out  by  water,  where  no  streams  now  fiow,  is  no  more  than  we  shoidd 
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ezpeet ;  these  and  maSbr  phenomeoa  are  the  aeeessaiy  oooBeqaeneep 
of  physical  eaoflfis  now  in  operation;  and  if  there  be  no  instability  in 
the  laws  of  nature,  simikr  fluctiiations  mnst  recnr  again  and  agiun  in 
Inne  to  come* 

Bd»  howerer  natural  it  may  be  that  the  foree  of  nnuung  water  m 

noiDerous  valleysy  and  of  tides  and  evirenta  in  many  tracts  of  the  8ca» 
ahould  now  be  spent,  it  is  by  no  means  so  easy  to  eipUun  why  the  vio- 

knee  of  the  earthquake  and  the  fire  of  the  volcano  should  also  imvc 
become  locally  extinct  at  successive  periods.  Wc  can  look  back  to  the 
time  when  the  marine  strata,  irhereon  the  great  mass  of  Etna  rests,  had 
no  existence  ;  and  tliat  time  is  extremely  modern  in  the  earth's  history. 
This  alone  affords  ground  for  anticipating  that  the  eruptions  of  Etna  will 
(me  day  cease. 

*       N«c  qme  mlforsb  ardet  Ibniacibiu  JBtam 

Ignes  aeniper  eriti  neqwmim  fmt  ignea  temper, 

(OvnH  MeUm.  lik  15-S40.) 

are  the  memorable  words  whieb  ara  put  into  the  montb  of  Pythagoras 
bf  the  Roman  poet,  and  they  are  followed  by  speeulalioos  as  to  the 
cause  of  voleanto  vents  shifting  their  portions.  Whatever  doubts  the 
philoBOpher  ezpiesses  as  to  the  nature  of  these  causes,  it  is  assomed,  as 
iaeontiovertible^  thai  the  points  of .  emption  will  hereafter  vary,  htemm 
diy  hem  fimimly  done  so  ;  a  principle  of  reasoning  which,  as  I  have 
endeavm^  to  show  in  former  chapters,  has  been  too  much  set  at  naught 
by  some  of  the  earlier  schools  of  geology,  which  refused  to  conclude 
that  great  revolutions  in  the  earth's  surface  are  now  in  progress,  or  that 
they  will  take  place  hereafter,  because  they  have  often  been  repeated  in 
former  aj^es. 

Division  of  the  subject. — Volcanic  action  may  be  defined  to  be  "  the 
influence  exerted  by  the  heated  interior  of  the  earth  on  its  external 
covering."'  If  we  adopt  tliis  definition,  without  connecting  it,  as  Hum- 
boldt has  done,  with  the  tlieory  of  secular  refrigeration,  or  the  coollnjr 
down  of  an  original  heated  and  tluid  nucleus,  we  may  then  cla.ss  uudtr 
a  general  bead  all  the  subterranean  phenomena,  whether  of  volcanoes,  or 
*  earthquakes,  and  those  insensible  movements  of  the  land,  by  which,  as 
iriQ  alkerwards  appear,  large  distriela  may  be  depressed  or  elevated, 
irithoofc  convulsions.  Accotduig  to  tbb  view,  I  shkll  consider  first,  the 
loleano ;  secondly,  the  earthqui^ ;  thirdly,  the  iking  or  dnking  of  land 
ia  eounttka  where  there  are  no  vdcanoea  or  earthquakes ;  fourthly,  the 
pnibnlile  canssf  of  the  changes  which  result  irom  anbtemmean  agency. 

li  Is  a  very  general  opinion  that  earthquakes  and  volcanoes  have  a 
eommoD  otigin;  for  both  are  eon6ned  to  certain  regions,  although  the 
nbterranean  movements  are  least  violent  in  the  immediate  proximity  of 
volcanic  vents,  especially  where  the  discharge  of  aeriform  fluids  and 
melted  rock  is  made  constantly  from  the  same  crater.  But  as  there  are 
particular  regions,  to  which  both  the  points  of  eruption  and  the  move- 
meats  of  great  earthquakes  are  confined,  I  shall  begin  by  tracing  out  the 
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geographical  boundaries  of  some  of  these,  that  the  reader  may  be  mm 

of  the  magnificent  scale  on  which  the  agency  of  subterranean  fire  is  now 
simultaneously  developed.  Over  the  whole  of  the  vast  tracts  alluded  to, 

active  volcanic  vents  arc  distributed  at  intervals,  and  most  commonly 
arrang-cd  in  a  lincnr  direction.  Throughout  the  intermediate  spaces  there 
is  often  abundant  ev  idence  that  the  subtermnean  fire  is  at  work  continu- 
ously, for  the  ground  is  convulsed  from  time  to  time  by  earthquakes; 
gaseous  vapors,  especially  carbonic  acid  gas,  arc  disencratrcd  plennfully 
from  the  soil ;  springs  often  issue  at  a  vei^  high  temperature,  and  their 
waters  arc  \is\inlly  impref^nated  with  the  same  mineral  matters  as  an 
discharged  by  volcanoes  during  erupiionb. 

YOLCAKIO  REGIONS. 

Itegim  cf  the  Andes. — Of  these  great  regions,  that  of  the  Andes  of 
South  America  is  one  of  the  best  defined,  extending  from  the  southward 
of  Chili  to  the  northv.  aid  of  Quito,  from  about  lat.  43°  S.  to  about  2°  N. 
of  the  equator.  In  this  range,  however,  comprehending  forty-five  de- 
grees of  latitude,  there  is  an  alternation  on  a  gmnd  scale  of  districts  of 
active  with  those  of  extinct  volcanoes,  or  which,  if  not  spent,  have  al 
least  been  dormant  the  last  three  centuries.  How  long  sn  latemd 
of  Test  may  entitle  m  to  eonsider  a  Toleano  as  enCiiely  otfiBet  is  net 
easily  detennined ;  bnt  we  Icnow  that  in  iBcbia  there  intervened  between 
two  consecntiYe  entptionB  a  pause  of  seventeen  eentories ;  and  the  dis-> 
eorery  of  America  Is  an  event  of  for  too  recent  a  date  to  sJIow  ns  erai 
to  conjectore  whether  different  portions  of  the  Andes,  nearly  the  whole 
of  which  are  snhjeet  to  earUiqnakes^  may  not  ezperienoe  altetnately  a 
cessation  and  renewal  of  emptions. 

The  tif&%  Une  of  active  vents  which  have  been  seen  in  eruption  mihe 
Andes  extends  from  hit  43**  28'  8. ;  or»  from  Yantales,  oppodte  the  isle 
of  Chiloe,  to  Coquimbo,  in  lat  30^  S. ;  to  these  thirteen  degrees  of  Istip 
tttde  succeed  more  than  eight  degrees  m  which  no  recent  volcanic  erup- 
tions have  been  observed.  We  then  come  to  the  volcanoes  of  Bolivia 
and  Peru,  reachmg  six  degrees  from  S.  to  N.,  or  from  lat.  21°  S.  to  kt- 
15**  S.  Between  the  Peruvian  volcanoes  and  those  of  Quito,  another 
space  intervenes  of  no  less  than  fourteen  degrees  of  latitude,  said  to  be 
free  from  volcanic  action  so  far  as  yet  known.  The  volcanoes  of  Quito 
thou  succeed,  beginning  about  Km  )  ge<^raphical  miles  south  of  the  equa- 
tor* and  continuing  for  about  130  miles  north  of  the  line,  when  there 
occurs  another  undisturbed  interval  of  more  than  six  degrees  of  latitude, 
after  which  we  arrive  at  the  volcrtiiocfiof  Guatemala  or  Central  Ameoca* 
north  of  the  Isthmus  of  Pamnn.* 

Having  thus  traced  out  the  line  from  south  to  north,  I  may  first  state, 
in  regard  to  the  numerous  venta  of  Chili,  that  the  volcanoes  of  Yantales 

♦  Soo  Von  Buch's  Description  of  Canary  Taliuitb  (Paril>ed.l886)fQraT»hiaWi 

•ketch  of  the  principal  volciuio«fl  of  the  giobe. 
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and  Osonio  were  in  eniptkm  dnrii^  ibe  great  earthquake  of  1885,  at  tbe 
mne  moment  thai  the  land  was  shaken  in  Cliiloe^  and  In  some  parts  ol 
the  Chilian  coast  permanently  upheaved ;  whilst  at  Juan  Feraandeiy  at 
the  distance  of  no  less  than  720  geographical  miles  from  Tantales,  an 
emptJDD  took  place  beneath  the  sea.  Some  of  the  Tolcanoes  of  Chili  are 
of  great  beight»  as  that  of  Antuco^  in  lat.  37°  40'  S.,  the  summit  of 
which  is  at  least  16,000  feet  aboye  the  sea.  From  the  flanks  of  this 
Tolcano,  at  a  great  height,  ininiensc  currents  of  lava  have  iasaed,  one  of 
irhich  flowed  in  the  year  1828.  This  event  is  said  to  be  an  cxoepUon 
in  the  cfeneml  rule  ;  few  volcanoes  in  the  Andes,  and  none  of  those  in 
Quito,  having  been  seen  in  modem  times  to  pour  oot  lava,  but  haviog 
merely  ejected  vapor  or  scorioe. 

Both  the  basaltic  (or  augitic)  lavas,  and  those  of  the  felspatbic  d  iss, 
occur  in  Chili  and  other  parts  i  f  the  Andes;  but  the  volcanic  rucks  of 
rbe  felspathic  family  are  baid  by  Von  Buch  to  be  generally  not  trachyte, 
but  a  rock  which  has  been  called  audcsite,  or  a  mixture  of  augitc  and 
albite.  The  last-mentioned  mineral  contains  boda  instead  of  the  potash 
found  in  common  felspar. 

The  Yokano  of  Bancagua,  hii  84«  16'  B.,  is  said  to  he  always  throw* 
iDg  ont  ashes  and  vapors  like  Stromholi,  a  proof  of  the  pennanentiy 
hnted  state  of  certain  parts  of  the  interior  of  the  earth  helow.  A  yvm 
naif  passes  in  Chili  without  some  slight  shocks  of  earthquakes*  and  m 
oertain  districts  not  a  month.  Those  shocks  which  come  from  the  nde 
of  the  ocean  are  the  most  violent,  and  the  same  is  said  to  be  the  case  in 
Pern.  The  town  of  Copiapo  was  laid  waste  hy  this  terrible  scourge  in 
the  yeaxs  1778,  1796,  and  1819,  or  m  both  cases  after  regular  intervals 
oC  twenty-three  years.  There  have,  however,  been  other  shocks  ui  that 
country  in  the  periods  intervening  between  the  dates  above  mentioned, 
although  probably  all  less  severp,  at  least  on  the  exact  site  of  Copiapo. 
The  evidence  a:jainst  a  refmlar  le  urrence  of  volcanic  convulsions  at 
stated  periods  is  so  strong  as  a  general  fact,  that  we  must  be  on  our 
guard  against  attaching  too  much  importance  to  a  few  striking"  but 
probably  accidental  coincidences.  Among  these  last  might  be  adduced 
the  case  of  Lima,  violently  shaken  by  an  earthi^uake  on  the  i  i  Lb  of  June, 
1578,  and  again  on  the  very  same  day,  1G78 ;  or  the  eruptions  of 


CWguina  in  the  year  1709  and  1809,  whi^h  are  the  only  two  recorded 
of  that  Tolcano  previons  to  that  of  1685.* 

Of  the  permanent  upheaval  of  tend  after  earthqofkes  m  Chili,  I  shall 
have  oeoasioa  to  speak  m  the  next  chapter,  when  it  will  also  he  seen 
thai  great  shocks  often  oobdde  with  emptkms^  either  snhmarine  or 
from  the  conea  of  the  Andes,  showing  the  identity  of  the  force  which 
elevates  4sootuients  with  that  which  causes  Totcame  ontbursts.f 

The  space  between  Chili  and  Peru,  in  which  no  volcanic  action  has 
heen  ohserved,  is  160  nautical  leagues  from  south  to  north.  It  is, 
however,  as  Yon  Buch  observee,  that  part  of  the  Andes  which  is  least 

•  DMrwii^O«oLTnHis.2dMriM^voLv.p^«lfl.  f  Ibid.pkm 
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known,  being  thinly  peopled,  and  in  some  parts  entirelf  desert  The 
volcanoes  of  Peru  nse  from  a  lofty  pUitfonn  to  vast  heights  above  tbe 
leiwl  of  t]ie  aea»  from  1^,000  to  20,000  feet.  The  lava  if hieh  has  Mifad 
fiom  Vujo,  lat  16^  55'  S.,  aeeompaaied  by  pumice,  ia  composed  of  a 
mixture  of  ciyslals  of  albiUo  felspar,  hornblende,  and  mica,  a  rock 
which  has  be^  considered  as  one  of  the  ynrieties  of  andesite.  Some 
tremendous  earthquakes  which  have  visited  Pern  in  modem  times  will 
be  mentioned  in  a  subsequent  chapter. 

The  volcanoes  of  Quito,  occurring  between  the  second  degree  of  south 
and  the  third  decrrce  of  north  latitude,  rise  to  vast  elevations  above  the 
sea,  many  of  them  being^  between  14,000  and  18,000  feet  hit^li.  The 
Indians  of  Lican  liave  a  trndition  tliat  the  mountain  called  L'Altar,  or 
Capac  Urcu,  wliich  means  tlie  chief,"  was  ouce  the  highest  of  those 
near  the  equator,  being  liigher  than  Chimborazo ;  but  in  the  reign  of 
Ouamia  Abomatlia,  before  the  discovery  of  America,  a  prodigious  erup- 
tion took  j»!aoe,  wliicli  lasted  eight  years,  and  broke  it  down.  The  fra-if- 
mcnts  of  trachyte,  says  M.  Boussmgault,  which  once  formed  the  conical 
summit  of  this  celebrated  mountain,  are  at  this  day  spread  over  the 
plain.*  Cotopaii » the  most  lofty  of  all  the  South  American  voleanoes 
which  have  been  in  a  state  of  activity  in  modem  tinies,  its  height  bemg 
18,858  feet ;  and  its  emptiona  have  been  more  frequent  and  destructive 
than  those  of  any  other  mountam.  It  is  a  perfect  cone,  usually  corered 
with  an  enormous  bed  of  anow,  which  has,  however,  been  sometimes 
melted  suddenly  during  an  eruption ;  as  in  January,  1803,  for  example, 
when  the  snows  were  dissolved  in  one  night. 

Deluges  are  often  caused  in  the  Andes  by  the  liquefaction  of  gi  eat 
masses  of  snow,  and  sometimes  by  the  rending  open,  during  earth' 
quakes,  of  subterranean  cavities  filled  with  water.  In  these  inundations 
fine  volcanic  sand,  loose  stones,  and  other  materials  whi(?h  the  water 
meets  with  in  its  descent,  are  swept  away,  and  a  vast  quantity  of  mud, 
caikd  "  moya,"  is  thus  formed  and  carrK^d  down  into  the  lower  regions. 
Mud  derived  from  this  source  descended,  in  1797,  from  the  sides  of 
Tunoruragua  in  Quito,  and  filled  valleys  a  thousand  feet  wide  to  the 
d*  ptii  of  six  hundred  feet,  dainining  up  rivers  and  causing  lakes.  In 
these  currents  and  lakes  of  moya,  thousands  of  small  fish  are  some- 
times enveloped,  which,  accprding  to  Humboldt,  have  lived  and  mul- 
tiplied in  subterranean  cavities.  So  great  a  quantity  of  theae  fish  were 
ejected  from  the  volcano  of  Imbabum  in  1691,  that  fevers,  which  pre- 
vailed at  the  petiod,  were  attributed  to  the  effluvia  arising  fiom  the 
putrid  animal  matter. 

In  Quito,  many  important  revolutions  in  the  physical  features  of  the 
country  are  said  to  have  resulted,  within  the  memory  of  man,  from  the 
earthquakes  by  which  it  has  been  convulsed.  M.  Bousnngault  declares 
his  belief,  that  if  a  full  regist^  had  been  kept  of  all  the  convulsions  ex- 
perienced here  and  in  other  populous  districta  of  the  Andes,  it  would 

•  SulL  d«  hi  Socl  (M.  torn,  vi  Mb 
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tefoond  thfti  the  trambfing  of  the  fivlh  had  been  inoeaant  The  fire* 
queocy  of  the  mof?eiiieiit»  he  thinkB,  is  not  due  to  Tolcanio  eiplouoos, 
lilt  to  the  continual  faUtog  in  of  masaee  of  rock  which  have  been  fiao- 
tmed  and  upheayed  in  a  solid  form  at  a  comparatively  tecent  epoch ; 
bat  a  longer  series  of  observations  vonld  be  leqnisite  to  confirm  this 
opinioD.  According  to  the  same  author,  the  height  of  several  moon- 
taioi  of  the  Andes  has  diminished  in  modem  times.* 

The  great  crest  or  cordillera  of  the  Andes  b  depressed  at  the  Isthmus 
of  Panama  to  a  height  of  about  1000  feet,  and  at  the  lowest  point  of 
separation  between  the  two  seas  near  the  Gulf  of  San  Miguel,  k»  150 
feet.  What  some  geographers  regard  as  a  continuation  of  thnt  chain 
io  Central  America  lies  to  the  east  of  a  series  of  volcanoes,  many  of 
which  are  aclive  iu  the  provinces  of  Pasto,  Popayan,  and  Guatemala. 
Co«eguiiia,  on  the  south  side  of  the  Gulf  of  Fonscoi,  was  in  eruption  in 
January,  and  some  of  its  ashes  fell  at  Truxillo,  on  the  shores  oi 

the  Gulf  of  Mexico.  What  is  more  remarkable,  on  the  same  day, 
It  Kingston,  in  Jamaica,  the  same  shower  of  ashes  feU,  having  been  ear- 
ned bj  so  upper  connter^conent  against  the  legtdar  east  wind  which 
iw  then  blowing.  Kingston  is  about  700  miles  distant  from  Coaegnma, 
asd  these  ashes  must  have  been  more  than  four  days  in  the  air,  havmg 
tnfdicd  190  miles  a  day»  Eight  leagues  to  the  southward  of  the  era- 
to;  the  ashes  covered  the  ground  to  the  depth  of  three  yards  and  a  half, 
dtttrojing  the  woods  and  dwellings,  Ihoqsands  of  cattle  perished,  their 
bodies  being  in  many  instances  one  mass  of  scorched  flesh.  Deer  and 
other  wild  animals  sought  the  towns  for  protection ;  many  birds  and 
quadrupeds  were  found  suffocated  in  the  ashes,  and  the  neighboring 
strenms  were  strewed  with  dead  Gsh.f  Such  facts  throw  light  on  geo- 
logical monuments,  for  in  tin;  ashes  thrown  out  at  lemote  periods  from 
the  volcanoes  of  Auvergne,  now  extinct,  we  find  the  bones  and  skelet(»fl 
of  lost  species  of  quadrupeds. 

Mexico. — The  great  volcanic  chain,  after  having  thus  pui^ued  its 
course  for  several  thousand  miles  from  south  to  north,  sends  off  a 
blanch  lii  .4  new  direction  in  ^Mexico,  in  the  parallel  of  the  city  ul"  tliaL 
oame,  and  is  prolonged  in  a  great  platform  between  the  eighteenth  and 
(wenty*secood  degrees  of  north  latitlide.  Five  active  volcanoes  travene 
^neo  from  west  to  east — Tuxtla,  Orizaba,  Popocatepetl,  Jorullo,  and 
Colims.  Jomllo,  which  ts  in  the  centre  of  the  great  platform,  is  no  less 
than  120  miles  from  the  nearest  ocean — an  important  circumstance,  as 
showing  that  the  proximity  of  the  sea  is  not  a  necessary  condition, 
sithoogh  certainly  a  very  general  characteristic  of  the  position  of  active 
volcaaoes.  The  extraoidmary  eruption  of  this  mountain,  m  1759,  will 
be  described  in  the  sequel.  If  the  line  which  connects  these  fiv^  vents 
be  prolonged  in  a  westerly  direction,  it  cuts  the  volcanic  group  of  islands 
called  the  Isles  of  Revill^^igedo. 

*  P>ul1.  de  la  Soc.  G<^*ol.  de  France,  torn.  tL  p^  M. 
t  C»kld«iigb,  FhiL  Tnaa.  1M6,  p.  37. 
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To  the  north  of  Mexico  there  arc  said  to  be  three,  or  according  to 
some,  five  Tdcanoes  in  the  peninsula  of  Califoniia;  and  a  volcano  ii 
repoiied'to  liava  been  In  eraption  in  the  N.  W.  coast  of  America,  near 
the  Coloiiibia  met,  lat.  45^  37' 

Wett  /mftet.— To  retain  to  the  Andes  of  Quito:  Yon  Bach  inclines 
to  the  belief  that  if  ire  were  better  aeqasinted  with  the  region  to  the 
east  of  the  Madalena,  and  with  New  Granada  and  the  Caraccas*  m 
might  find  the  Toleanic  chain  of  the  Andes  to  be  conneeted  with  that 
of  the  West  Indian  or  Cairibee  Islands.  The  trnth  of  this  eonjeetnre 
has  almost  been  set  at  rest  by  the  eniptbn»  in  1848,  of  the  voleaao  ol 
Zamba,  in  Kew  Grenada,  at  the  month  of  the  river  Madatena.* 

Of  the  West  Indian  islands  t^ere  are  two  parallel  series :  the  one  tc 
the  west,  irbich  arc  nil  volcanic,  and  which  rise  to  the  height  of  eeveral 
thonsand  feet;  the  others  to  the  east,  for  the  most  part  eompoaedct 
calcareous  rocks,  and  very  low.  In  the  former  or  volcanic  seriea^  art 
Granada,  St.  Vmcent,  Si.  Lucia,  Martinique,  Dominica,  Qnadaloape^ 
Montserrat,  Nevis,  and  St.  Eustace.  In  the  calcareous  chain  are  Toba- 
go, Barbadoes,  Mariegallante,  Grandeterre,  Desirade,  Antigua,  Barbuda, 
St.  Bartholomew,  and  St.  Martin.  The  most  considerable  eruptions  in 
modern  times  have  been  those  of  St.  Vincent.  GrrrU  r:irthquakes  have 
agitated  St.  Domingo,  n-^  will  be  seen  in  the  tweniy-ninth  chapter. 

I  have  before  mentioned  (p.  270)  the  violent  rnrtbquake  wliich  in 
1812  convulsed  the  valley  of  the  Mississippi  at  New  Mad ri?],  for  the 
space  of  30U  miles  in  length,  of  which  more  will  be  said  in  ilie  twenty- 
seventh  chapter.  This  happened  exactly  at  the  same  time  as  the  g^reat 
earthquake  of  Caraccas,  so  that  it  b  possible  that  these  two  points  arf 
parts  of  one  subterrjiuiuti  volcanic  region.  The  it>l<ind  oi  Jamaica,  wiih 
a  tract  of  the  contiguous  sea,  has  often  experienced  tremendous  shocks; 
and  these  are  frequent  along  a  line  extending  from  Jamaica  to  St.  Do- 
mingo and  Porto  Kico. 

Thus  it  will  be  seen  that,  without  taking  account  of  the  Weet  lodwa 
and  Mexican  branches,  a  linear  train  of  volcanoes  and  traots  abate  bj 
earthquakes  may  be  traced  from  the  island  of  Cbiloe  and  oppoeito  eoaat 
to  Ifaxioo,  or  even  perhaps  to  the  montb  of  the  Colombia  river-^  dis^ 
tance  upon  the  whole  as  great  as  fhm  the  pole  to  the  equator.  In  re- 
gard to  the  western  Umits  of  the  region,  they  lie  deep  beneath  the 
waTea  of  the  Paeific.  and  must  continue  unlmown  to  us.  On  the  esat 
thej  are  not  prolonged,  except  where  they  include  the  Weat  Indian 
Islands,  to  a  great  distance;  for  there  seem  to  be  no  indieatioaa  of  vol- 
oanie  distarfaances  in  Buenos  Ajres,  Biaal,  and  the  United  States  of 
North  America. 

Vokanie  region  from  the  Aleutian  Itlu  io  ih4  Moluccas  and  J»l$t  ^ 
8unda,^-0n  a  scale  which  equals  or  surpaases  that  of  the  Andes,  is 
another  line  of  volcanic  action,  which  commences,  on  the  north,  with 
the  Aleutian  lales  in  Buaaian  America,  and  extends,  first  in  a  w^terij 

«  Oomptat  JMm,  IMS,  toL  am.  p^  Ml. 
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direction  for  nearly  200  geographical  railes,  and  then  southwards,  with 
few  interruptions,  throughout  a  space  of  between  sixty  and  seventy  de- 
grees of  latitude  to  the  Moluccas,  where  it  sends  off  a  branch  to  .the 
southeast  while  the  principal  train  continues  ▼esteily  through  Bum- 
bawa  and  Java  to  Sumatia,  and  then  in  a  northwesterly  direetion  to  the 
Bay  of  Bengal.*  This  yolcanic  Une,  obsenres  Yon  Bueh,  may  be  said 
to  follow  throughout  its  course  the  external  border  of  the  contment  of 
Asia ;  while  the  branch  which  has  been  alluded  to  as  striking  southeast 
from  thel(oluceaB,  passes  from  New  Gumea  to  Kew  Zeslaad,  oonfonn- 
ing,  though  somewhat  rudely,  to  the  outline  of  AustFaKikf 

The  oonnectionp  howemv  of  the  New  Gumea  Toleanoes  with  the  Ime 
in  JTava  (as  laid  down  m  Yon  Buch's  map)  is  not  dearly  made  out.  By 
consulting  Darwin*s  map  of  coral  reefs  and  activie  volcanoes^  fhe  reader 
will  see  that  we  might  almost  with  equal  propriety  include  the  Mariana 
and  Bonin  volcanoes  in  a  band  with  New  Guinea.  Or  if  we  allow  so 
mucli  latitude  in  framing  zones  of  volcanic  action,  we  must  also  suppose 
the  New  Hebrides,  Solomon  Isles,  and  New  Ireland  to  constitute  one 
Une  (see  map,  fig.  89,  p.  351). 

The  northern  extremity  of  the  volcanic  region  of  Asia,  as  described 
by  Von  Buch,  is  on  the  borders  of  Cook's  Inlet,  northeast  cif  the  Penin- 
sula of  Alaska,  where  one  volcano,  in  about  the  sixtieth  degree  of  lati- 
tude, is  said  to  be  14,000  feet  high.    In  Al  i'^ka  itself  are  cones  of  vast 
height,  which  have  hpf^n  seen  in  eruption,  and  wliich  are  covered  for 
two-tliirds  of  their  Iieight  downwards  with  perpetual  snow.    The  sum- 
mit nf  the  loftiest  peak  is  truncated,  and  is  said  to  have  fallen  in  during 
an  eruption  in  1786.    From  Alaska  ihe  hne  is  continued  through  the 
Aleutian  or  Fox  Islands  to  Kamtschatka.    In  the  Aleutian  Archiprlago 
eruptions  are  frequent,  and  about  thirty  miles  to  the  north  of  Unalaska, 
nciur  the  Isle  of  Umnack,  a  new  island  was  formed  in  1706.    It  was 
first  observed  after  a  s^orm,  at  a  point  in  the  sea  from  which  a  column 
of  smoke  had  been  seen  to  rise.    Flames  then  issued  iVi  -m  tlie  new  islet 
which  illuminated  tllc  country  for  ten  miles  round  ;  a  iVi^lulul  (.ailh- 
quake  shook  the  new-formed  cone,  and  showers  of  stones  were  thrown 
as  far  88  Umnadc.   The  eruption  continued  for  several  months,  and 
eight  years  afterwards,  m  1804,  when  it  was  explored  by  some  hunters, 
the  soil  was  so  hot  m  some  places  that  they  eould  not  wslk  on  it.  Ac* 
corduig  to  Langsdoff  and  others,  this  new  island,  which  is  now  eeveral 
thousand  feet  high,  and  two  or  three  miles  m  ciicumference,  has  been 
coatimuUy  found  to  have  increased  in  size  when  snccessiTely  yistted  by 
di£brent  trayelleis ;  but  we  have  no  accurate  means  of  determining  how 
much  of  its  growth,  if  any,  has  been  due  to  upheaval,  or  how  far  it  has 
been  exclusively  formed  by  the  ejection  of  asSies  and  streams  of  lava. 
It  seems,  however,  to  be  well  attested  that  esrthquskes  of  the  mos* 

*  See  map  of  voleanie  lines  in  Von  Badi*8  work  on  the  Ouuriea. 

+  Von  Buch,  ibid.  p.  400. 

I  Darwin,  Structure  and  DtsiriK  of  Coral  reofs,  dbc^  Loudoo,  1842.  In  tha 
iobjoioed  map,  ii^.  89, 1  have  copied  with  permtaeioa  a  small  part  of  the  raluaUe 
map  aooompangriiig  this  work. 
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terrific  description  ngitatc  and  alter  the  bed  of  the  sea  and  eurfBoe  of 
the  land  throughout  this  tract. 

The  line  is  coniiiuu  d  in  the  southern  extremity  of  the  Peninsula  of 
Eamtschatka,  where  there  are  many  active  volcanoes,  whicli,  in  ^onw 
emptioDs,  have  scattered  ashes  to  immense  distances.  The  largcL^t  and 
most  active  of  these  is  Klutschew,  lat.  66°  3'  N.,  which  rises  at  once 
from  the  sea  to  the  prodigious  height  of  15,000  feet.  Within  700  feet 
of  the  summit,  Ermaa  saw,  in  1820,  a  current  of  lava,  emitting  a  vivid 
light,  flow  down  the  northwest  side  to  the  foot  of  the  cone.  A  flow  of 
bnra  froon  the  summit  of  Mont  Blanc  to  its  base  in  the  valley  of  Cba- 
anuii  would  afibid  but  an  inadequate  idea  of  the  deeliyity  down  whieh 
dus  eurrent  descended.  Large  quantities  of  iee  and  snow  opposed  for 
A  timea  barrier  to  the  lava,  until  at  length  the  fieiy  torrent  overcame, 
hf  its  heat  ud  preesniei  this  obstacle,  and  poured  down  the  mountain 
dds  with  a  frightful  noise,  which  was  heard  for  a  distanee  of  moke  than 
fitf  milea.* 

The  Xurile  chain  of  ifilands  constitutes  the  prolongation  cf  the  Eamt- 
schatka range,  where  a  train  of  volcanic  mountains,  nine  of  which  are 

known  to  have  been  in  eruption,  trends  in  a  southerly  direction.  The 
line  is  then  contin^ied  to  the  southwest  in  the  great  island  of  .Te^'^o,  and 
again  in  Xipon,  the  principal  of  the  Japanese  group.  It  tlien  extends 
by  Loo  Ciioo  and  Formosa  to  the  Philippine  Islands,  and  thence  by 
Sangir  and  the  northeastern  extremity  of  Celebes  to  the  Moluccas  (see 
map,  fig.  30).  Aftemards  it  passes  westward  through  Sumbawa  to 
Java. 

There  are  said  to  bo  thirty-eight  considerable  volcanoes  in  Java,  some 
of  which  are  more  than  10,000  feet  high.  They  are  remarkable  for  the 
qoMiti^  of  sulphur  and  sulphureous  vapors  which  they  disehaige. 
Ihey  rarely  emit  lava,  but  rivers  of  mud  issue  from  them,  like  the  moya 
of  die  Andes  of  Quito.  The  memorable  eruption  of  Galongoon,  m 
1822,  will  be  described  in  the  twenty-fifth  chapter.  The  crater  of 
Tbiehem,  at  the  eastern  extremity  of  Java,  contains  a  lake  strongly 
impregnated  with  sulphuric  acid,  a  quarter  of  a  mile  long,  from  which 
a  river  of  acid  water  issues,  which  supports  no  living  creature,  nor  can 
fish  live  in  the  sea  near  its  confluence.  There  is  an  extinct  crater  near 
Bator,  called  Guevo  Upas,  or  the  Valley  of  Poison,  about  half  a  mile  in 
circumf^  rrnoe,  which  is  justly  an  object  of  terror  to  the  inhabitants  of 
the  counii  V.  Every  living  being  which  penetrates  into  this  vallev  falls 
down  J'  ad,  and  the  soil  is  covered  with  the  carciisses  of  ti_ri  i"^.  deer, 
birds,  and  ev  en  ihe  bones  of  men  ;  all  killed  by  the  abundant  emanatKMIS 
of  carbonic  acid  gas,  by  which  the  bottom  of  the  valley  is  filled. 

lu  another  craur  in  this  land  of  wonders,  near  the  v(  »lrano  of  Talaga 
Bodasy  we  learn  from  M.  Reinwardt,  that  the  sulphureous  exhalauoob 
have  MDed  tigers,  birds,  and  innumerable  insects ;  and  the  soft  parts 
of  these  animals,  such  as  as  the  fibres*  muscles,  naib,  hair,  and  sikin,  are 
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Yety  well  imaerved,  while  the  booee  are  oofvoded*  and  entinljr  d^ 
stroyed. 

We  leam  from  ofasemlioiis  made  m  1844,  by  Mr.  Jakes,  that  a 

recent  tertiary  formatioii  composed  cf  limeBtonc  and  resembling  the 
coiTtl  rock  of  a  fringing  reef,  diags  to  the  flanks  of  all  the  ToleaBie 
iaUnds  from  the  east  end  of  Timor  to  the  west  end  of  Jsto.  These 

modem  calcareous  strata  are  often  white  and  chalk-like,  someUmes  1000 
feet  and  upwards  above  the  sea,  rcpftilarly  stratified  in  thick  horizontal 
beds,  and  they  slvow  that  tbrrr  has  been  a  general  elevation  of  tbme 
islands  at  a  conij»araiively  modem  period.* 

Tiie  siime  linear  arrangement  which  is  obst;rved  in  Java  holds  ^ood 
in  the  volcanoes  of  Sumatra,  some  of  wliich  are  of  great  height,  as  Bempi, 
which 'is  more  than  12,000  feet  above  the  sea,  and  is  continually  smok- 
ing. lIoL  apnnga  tue  abundant  at  its  base.  The  volcanic  line  tiien  in- 
clines slightly  to  the  northwest,  and  points  to  Barren  Island,  lat.  12^ 
15^  N.,  in  the  Bay  of  Bengal.  This  volcano  was  in  eruption  in  1792, 
sod  will  be  deseribed  in  ti^  twenty-flixtb  ehapter.  The  Toloanio  Cnin 
then  extends,  aoeording  to  Dr.  Maeelelhmd,  to  the  island  of  Karoon- 
dam,  lat.  13^  22'  K.,  whieh  is  a  cone  seven  or  eight  hundred  feet  high, 
rising  from  deep  water,  and  said  to  present  signs  ol^Iam  carrents  de- 
scending from  the  crater  to  the  base.  Afterwards  the  train  stretches 
ui  the  same  direction  to  the  volcanic  island  of  Ramree,  ahont  lat  lO**  N., 
and  the  adjolniiig  island  of  Chedaba,  which  is  represented  m  old  charts 
as  a  barnmg  mountain.  Thus  we  arrive  at  the  Chittagong  coast,  which 
in  1762  was  convulsed  by  a  tremendous  earthquake  (see  chap.  29).f 

To  enumerate  all  the  volcanic  regions  of  the  Indian  and  Paci6c  oceans 
would  lead  me  far  beyond  the  proper  limits  of  this  treatise  :  bnt  it  will 
appear  in  the  last  chapter  of  this  volume,  when  coral  reefs  are  treated 
of,  that  the  islands  of  the  Pacitic  consist  alternately  of  linear  groups  of 
two  clasBPS.  the  one  lofty,  and  eontaininu;  active  volcanoes,  and  marine 
strata  ab<jvu  the  ^ea-level,  and  which  have  been  undergoing  upheaval  in 
modem  times;  the  other  vciy  luw,  consisting  of  reefs  of  coral,  usually 
with  It^oons  in  their  centres,  and  in  which  there  is  c>idence  of  a  grad- 
ual subsidence  of  the  ground.  The  extent  and  dtfcction  of  these  par* 
allel  voleaaie  bands  have  been  dt  picted  with  great  care  by  Darwia  in  his 
map  before  cited  (p.  851). 

The  most  remarkable  theatre  of  volcanic  activity  ia  the  Nbrtben 
Paeifio— or,  perhaps,  in.  the  whole  world — ocouta  ia  the  Saadwkih 
Islands,  which  have  been  admbnbly  treated  of  in  a  recent  woik  by  ICr. 
Bana.l 

Vnkanie  rtgion  from  central  Asia  to  the  Azores. — Another  great 
region  ot  subterranean  disturbance  is  that  which  has  been  imagined  to 
extend  through  alarge  part  of  Ceatral  Asia  to  the  Aaores,  thai  ia  to 

♦  Paper  read  at  mcctins;  of  Brit.  Af»?oc.  Southampton.  Sopf 

I  MaccIeUand,  Keport  on  Coal  aud  Miu,  Kesouroeii  of  India.  Calcutta,  1838. 

X  Geology  <>r  the  American  Expkring  Bipadttiioa.  Sm  sbo  Ity^'sMsaaalt 
'flandwioh  L  Vokanom"— lodsa 
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say,  from  China  and  Tai  Uu  y  through  Lake  Aral  and  the  Caspian  to  the 
Caueasus,  and  the  countries  bordering  the  Black  Sea,  then  again  through 
part  of  Asia  Minor  to  Syria,  and  westwani  to  the  Grecian  Islands, 
Greece,  Naples,  Sicily,  the  southern  part  Spain,  Portugal  and  tin 
Azores.  Respecting  the  eastern  extremity  of  this  line  in  China,  wc 
hife  little  nfonnitioo,  hat  many  vkleiit  earthquakes  are  known  to 
htve  oeevned  dim  Th»  voleano  taul  to  hm  him  b  mptbn  in  the 
Nraith  oeninrj  in  Central  Tartary  is  aitnated  od  the  northern  declivity 
of  the  Cdeatial  Monntains^  not  hr  distant  from  the  large  lake  called 
Imbool;  and  Humboldt  mentions  other  Tents  and  aolfataras  in  the 
MBM  quarter,  which  are  all  worthy  of  nolioe^  aa  being  hr  mora  distant 
fraa  the  ocean  (SOO  geographical  nulea)  dum  any  other  known  points 
of  croplMMu 

We  find  on  tho  western  shores  of  the  Caspan,  in  the  conntry  round 
Bika,  n  tract  called  the  Field  of  Fire,  which  eontinaally  emits  infiam* 
Bible  gas,  whfle  springs  of  nnphthft  and  petrolenm  occur  in  the  same 
wUty/aa  also  mod  volcanoes.  Syrin  and  Palestine  abound  in  volcanic 
appearances,  and  very  extensive  areas  have  been  shaken,  at  different 
periods,  with  great  destruction  of  cities  and  loss  of  hves.  Continual 
aestkm  is  made  in  history  of  the  ravages  committed  by  earthquakes  in 
Sdoe,  Tyre,  Berytos,  Laodicca,  and  Antioeh,  and  in  the  Island  of 
Cyprus.  The  country  around  the  Dead  Sea  appears  evidently,  from 
thp  accounts  of  modem  travellers,  to  be  volcanic.  A  district  near 
Sm\Tna,  in  Asm  Minor,  was  termed  by  the  Greeks  Catncf^raiimone,  or 
"the  burnt  up,  "  where  tiiere  is  a  Ififfro  arid  territrnv,  without  trees, 
and  with  a  cindery  s^'iK*  This  countn,-  was  visited  in  1841  by  Mr.  W. 
J.  Hamilton,  who  found  in  tho  vnllov  of  the  Hermus  perfect  cones  of 
Mx>ri®,  with  lava-streams,  like  tliose  ot  Auvergne,  conforming  to  the 
eiiftinc!  river-rhnnnol'?,  and  with  their  surface  undecomposed.f 

Grtcian  -  J  r^  A  7  . /  /  / » — Prococdinir  westwards,  we  reach  the  Grecian 
Archipelago,  wht  re  Santorin,  afterwartis  to  be  described,  is  the  grand 
centre  of  volcanic  action. 

It  was  Von  Buch's  opinion  that  the  volcanoes  of  Greece  were  arranged 
in  a  line  running  N.  N.  W.  and  S.  S.  E.,  and  that  they  afforded  the 
ooly  example  in  Europe  of  active  volcanoes  having  a  linear  direction ; 
bet  M.  Ytrkt,  on  the  contrary,  announces  as  the  resnlt  of  his  kvestijgn- 
tiooo,  made  during  the  French  expedition  to  the  Morea  in  1820,  that 
dwrs  li  no  one  determmate  fine  of  direction  for  the  volcanic  phenomena 
ia  Greece,  whether  we  follow  the  pointa  of  eruptions,  or  the  earthqnakest 
or  any  other  8%08  of  igneous  agency.^ 

Macedonia,  Thmce,  and  Epmis,  have  always  been  anbjeot  to  earth- 
fnte,  and  the  Ionian  Isles  are  contumally  convnlsed. 

Respecting  Southern  Italy,  Sicily,  and  the  Ltpari  IsleSt  it  is  mmeees- 
mf  to  enlarge  here,  as  I  shall  have  occasioii  again  to  alliide  to  theuk 

*  Stmbo,  ed  Ful.,  p.  900. 

4  Reseanfaao  in  Asia  Minor,  roL  ii.  p.  89. 

i  yii)et,BnU«tiadeki8oaOtfoL(tonaoc^t€aB.iiLpi.l09. 
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I  may  mentkm*  however*  ihai  a  band  of  Toleamo  aetioD  has  lemtnoed 
by  Br.  Daubeny  aeroaa  the  Italian  Pemnsnla,  from  Isehia  to  Monat 
Vultur,  in  Apulia,  the  commencement  of  the  line  being  fonnd  in  the 
hot  springs  of  Isehia,  after  which  it  is  prolonged  through  VesuiiaB  tc 
the  Logo  d'Anaanto,  where  gaaea  similar  to  those  of  Ycsaniis  iic 
evolved.  Its  farther  extennon  strikes  Monnt  Ynltur,  a  lofty  cons  eoiB> 
posed  of  tuff  and  1ava»  from  one  side  of  which  carbonic  s^  and  sol* 
phnretted  hydrogen  are  enutted.* 

TMdiiimi  ^deln^ — The  trsditiona  which  have  oome  down  to  u 
from  remote  ages  of  great  inundations  said  to  have  happened  in  Oreeee 
and  on  the  confines  of  the  Orecian  settlements,  had  doubtless  tlieir  ori* 
gin  in  a  series  of  local  catastrophes,  caused  principally  by  earthquakes. 
The  frbquent  migrations  of  the  earlier  inhabitants,  and  the  totsl  wantct 
written  nnnals  long  after  the  first  settlement  of  each  country,  make  it 
impossible  for  us  at  this  distance  of  time  to  fix  cither  the  true  localities 
or  probable  dates  of  these  events.  The  first  philosophical  writers  (A 
Greece  were,  therefore,  as  much  at  a  loss  as  ourselves  to  offer  a  reason- 
able conjecture  on  these  points,  or  to  decide  how  many  cntastrophes 
mifflit  sonictiraes  have  become  confounded  in  one  tale,  or  how  much  this 
tnlc  may  have  been  amplified,  in  after  times,  or  ol^snired  by  mytholo- 
gical fiction.  The  floods  of  Ogyges  and  Deucalion  mr  commonly  said 
to  have  happened  before  the  Trojan  war;  that  of  ()j-\rrps  more  than 
seventeen,  nnd  that  of  Deucalion  more  than  lit  teen  centuries  before  our 
era.  As  to  the  Qf^ygian  tlood,  it  is  »jrenera1lv  described  as  having  liid 
waste  Attica,  and  was  referred  by  srmii  writers  to  a  great  overflowiog 
of  rivers,  to  which  cause  Aristotle  al.-,o  attributed  the  deluge  of  Deuca- 
lion, which,  he  says,  atTected  Hellas  only,  or  the  central  part  of  Thessaly. 
Others  iman^ined  the  same  event  to  have  been  due  to  an  earthquake, 
which  drew  down  masses  of  rock,  and  stopped  up  the  course  of  the 
Peneus  in  the  narrow  defile  between  mounts  Ossa  and  Olympus. 

As  to  the  deluge  of  Samotbrace,  which  is  generally  referred  to  a  dis* 
ttnct  date,  it  appeain  that  the  ahorea  of  that  small  bUnd  and  the  ad* 
joining  mainbmd  of  Ana  were  inundated  by  the  sea.  Diodorus  Sienisi 
sajs  that  the  inhalntanta  had  time  to  take  refuge  in  the  monntamsi  sad 
save  themselTea  by  flight ;  he  also  relates,  that  long  after  the  event  the 
fishennen  of  the  istend  draw  up  m  their  nets  the  capitals  of  oolomm, 
which  were  the  remains  of  cities  submei^ged  hy  that  terrible  catastm* 
pbe.**f  These  statements  scarcely  leave  any  doabt  that  there  occnntd, 
at  the  period  alluded  to,  a  sub^ence  of  the  coast»  accompanied  hf 
earthquakes  and  inroads  of  the  sea.  It  is  not  impossible  that  the  tSiKf 
of  the  bursting  of  the  Black  Sea  through  the  Thradan  Bosphoras  iato 
the  Grecian  Archipelago^  which  accompaoieda  and, as  some  say,  caned 
the  Samotbracian  deluge,  may  have  reference  to  a  wave,  or  succeiskiB 
of  waves,  raised  in  the  Euzine  by  the  same  convulsion. 

♦  Daubeny  on  Mount  \  ultur,  Ashmolcsan  Memoirs.    Oxford,  1836. 
f  Book  V.  ch.  zlvi-Saa  letter  oniTivIet>Bttnetin  do  la  8oe.04oLde  AmM^ 
torn,  il  p.  .... 
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We  know  that  subterranean  movements  and  volcanic  eruptions  are 
often  attended  not  only  by  incursions  of  the  sea,  but  also  by  violent 
lUDi,  and  the  complete  derangement  of  the  river  drainage  of  the  inland 
eoontry,  and  hf  the  dammiog  np  of  the  ouUeCs  of  lakea  hy  landslips,  or 
obstmcCiona  la  the  eonraes  of  aabtenaneaa  mera,  auch  as  abound  in 
Theaaaly  and  the  Iforea.  We  need  not  therefore  be  avrpriaed  at  the 
VBiiety  of  eanaea  aaaigned  for  the  traditional  flooda  of  Gieeee,  by  Herod* 
otoa,  AfistoUe,  Diodorus,  Strabo,  and  otben.  Aa  to  the  area  em- 
braced, had  all  the  Grecian  deluges  occurred  simultaneously,  instead  of 
being  spread  over  many  centuries,  and  had  they,  instead  of  being  ex- 
tremely local,  reached  at  once  from  (he  £axine  to  the  southwestern 
limit  of  the  Peloponnesf?,  and  from  Macedonia  to  Rhodes,  the  dp vasta- 
tioa  would  still  have  been  more  limited  tlian  that  which  visited  Chili  in 
1885,  when  a  volcanic  eruption  broke  out  in  the  Andos,  opposite  Chiloe, 
find  another  at  Juan  Fernandez,  distant  720  f?eoL,napliical  m\\o<,  n.t  the 
same  time  that  several  lofty  con^,  in  the  Cordillera,  400  miles  to  tlie 
eastward  of  that  island,  threw  out  vapor  and  ignited  matter.  Through- 
out a  great  part  of  the  space  thus  recently  shaken  in  South  America, 
cities  were  laid  in  ruins,  or  the  land  was  permanently  upheaved,  or 
mountainous  waves  rolled  inland  from  the  Pacific. 

Pemdieal  altemaUon  of  JSartkquakes  in  Syria  and  Southern  Italy. 
II  baa  been  nmarhed  by  Von  Hoff,  that  from  the  eommencement  of  Uta 
tliirteettth  to  the  latter  half  of  the  aeventeenth  century,  there  was  an 
afanost  entire  oeaaation  of  earthquakea  in  Syria  and  Judea;  and,  during 
Ibis  internal  of  qwescence/the  Arohipelago,  together  with  part  of  the 
adjacent  coast  of  Leaser  Asia,  aa  alao  Soatbem  Italy  and  SicOy,  Buffered 
gnatly  fooin  earthquakea;  while  Tolcanic  emptiona  were  unusually  frc* 
qoeat  m  the  same  regions.  A  more  extended  comparison,  also,  of  the 
InlQiy  of  the  aubterrancan  convulsions  of  these  tracts  seems  to  confirm 
the  opinioB,  that  a  violent  crisis  of  commoUon  never  visits  both  at  the 
tame  tinoe.  It  is  impossible  for  us  to  declare,  as  yet,  whether  this  phe- 
nomenon is  constant  in  this  and  other  regions,  because  we  can  rarely 
tmcc  back  a  connected  series  of  events  farther  than  a  few  centuries  :  but 
"vvcll  known  that,  where  numerous  vents  are  clustered  together 
wuhin  a  small  area,  as  in  many  archipelagoes  for  instince,  two  of  them 
are  never  in  violent  eruption  at  once.  If  the  action  of  one  becomes  very 
^reat  for  a  century  or  more,  the  others  assume  the  appearance  of  spent 
vulcanoes.  It  is,  therefore,  not  improbable  that  separate  provinces  of 
the  same  great  range  of  volcanic  fires  may  hold  a  relation  to  one  deep- 
Kated  focus,  analogous  to  that  which  the  apertures  of  a  small  ^oup 
bear  to  aonie  more  auperficnd  rent  or  cavity.  Thua,  for  example,  we 
Bisy  conjecture  that»  at  a  comparatively  amall  distance  from  the  aurface> 
licbia  and  Yeauviua  mutually  communicate  with  certam  fiaaurea,  and  • 
tbat  each  affotda  relief  alternately  to  elaatie  ilaida  and  lava  there  gene*  * 
nted.  So  we  may  auppoae  Southern  Italy  and  Syria  to  be  ooonected, 
at  a  much  greater  depth,  with  a  lower  part  of  the  yeiy  aame  ayatem  of  « 
finuvea ;  in  which  caae  any  obatmction  ocenrriog  in  one  duct  may  have  ^ 
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the  effect  of  causing  almost  all  the  vapor  and  melted  matter  to  be  forced 
up  the  other,  and  if  they  ca&Dot  get  Tent,  they  may  be  the  eauae  of 
violent  earthquakes.  Some  objeetioQa  advanoed  agamit  Ihn  doetribt 
that  *'  Yoloanoes  act  as  safet j-valTes,*'  will  be  comklered  in  the  wqnd.* 

The  northeastern  portion  of  Africa,  including  Egypt,  which  lies  lii 
or  seven  degrees  south  of  the  volcanic  Ime  alreidy  traced,  has  beea  sl- 
most  always  exempt  from  earthquakes ;  but  the  northwestern  portioa, 
especially  Fes  and  Morocco,  which  fall  withm  the  fine,  suffer  gresUjr 
from  time  to  time.  The  aonthera  part  of  Spain  also,  and  Pcrtogs], 
have  generally  been  exposed  to  the  same  scooige  simultaneoiisly  nitb 
Kofthem  Africa.  The  provinces  of  Malaga*  Murota*  and  Oiaaada,  ssd 
m  Portugal  the  country  round  Lisbon,  are  recorded  at  several  periodi 
to  have  been  devastated  by  great  earthquakes.  It  will  \e  seen,  from 
Micbell'a  account  of  tlic  great  Lisbon  shock,  in  1 756,  that  the  l&nt 
movement  proceeded  from  the  bed  of  the  ocean  ten  or  fifteen  lesgoei 
from  tlie  coast.  So  latn  as  February  2,  1816,  when  Lisbon  was  rehe- 
mently  shaken,  two  ships  felt  a  shock  in  the  ocean  west  from  Lisbon; 
one  of  them  at  the  distance  of  120,  and  the  other  262  Frcncb  leaguei 
from  the  coastf — a  fact  which  is  more  interesting,  because  a  line  drawn 
through  the  Grecian  Archipelago,  the  volcanic  region  of  Southern  Italy, 
Sicilv,  Southern  Spain,  and  Portiinfal,  vrill,  if  prolonn^ed  westward 
tlirough  the  ocean,  strike  the  volcanic  group  of  thf>  Azorf^i,  which  may 
possibly  therefore  Imve  a  submarinf  connection  with  the  European  line. 

In  rej^rd  to  the  volcanic  syst'  :u  of  Southern  Europe,  it  may  be  ob- 
served, that  there  is  a  central  tract  where  the  greatest  earthquakes 
prevail,  in  which  rocks  are  shattered,  mountains  rent,  tlie  surface  elev;i- 
vated  or  depressed,  and  cities  laid  in  ruins.  On  each  side  of  this  liue  d 
greatest  commotion  there  are  parallel  bands  of  country  where  the 
bhocks  are  less  violent.  At  a  still  greater  distance  (as  in  Nortberu 
Italy,  for  example,  extending  to  the  foot  of  the  Alps),  there  are  spaces 
where  the  shocks  are  much  rarer  and  more  feeble,  yet  pc^isibly  of  suffi 
cient  force  to  cause,  by  continued  repetition,  some  appreciable  altcratioo 
ill  the  external  form  of  the  earth's  crust.  Jieyond  these  hmits,  ug.un, 
all  countries  are  hable  to  slight  tremors,  at  distant  intervals  of  tinM^ 
when  some  great  crisis  of  subterranean  movement  agitates  an  adjohsng 
voleanic  region ;  but  these  nmy  be  considered  as  mere  vibmtkins,  props- 
gated  meohanicallj  through  the  external  covering  of  the  globe,  as  sonndi 
travel  slmost  to  indefinite  distances  through  the  air«  Shocks  of  tliii 
kmd  have  been  felt  in  England,  Scotland,  Northern*  France,  and  Ger- 
many— particularly  during  the  Lisbon  earthquake.  But  these  eouatiiti 
cannot^  on  this  aooovnt,  be  supposed  to  constitute  parts  of  the  sovdMni 
▼oloanio  regpoo,  any  more  than  the  Shetland  and  Oikney  islands  esn  be 
considered  as  belonging  to  the  Icdandic  drole,  because  the  sands  ^ccteo 
from  Heela  have  been  wafted  tkither  by  the  winds. 

*  Bee  ck.  9%  Ctnm     Fb/Mmie  IVtytCiofiii 

\  Venew,  Joomal  ow  Yoyages,  tooL  iv.  p.  111.  Tea  HoC  ^  iL  p.  If^ 
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BttoAm  HbB  ooatintioiis  sjmces  at  anbtemaeaiL  disttntaeep  of  wluch 
we  haye  merely  sketched  the  outline,  there  are  other  disooimeeted  vol- 
enac  groups,  of  ▼hioh  seTeral  will  be  mentioned  hereafier. 

Idtiet  rfaeUM  and  exUnet  Voleanoet  natiohe  eon^bmiM.— We  most 
alwigrs  be  earefol  to  distingaish  between  lines  of  ezUnet  and  aotive  vol* 
canoes,  even  where  they  appear  to  run  in  the  same  direction ;  for  ancient 
nod  modem  systems  may  inteifere  with  each  other.  Already,  indeed, 
we  have  jproof  that  this  is  the  ease;  so  that  it  is  not  by  geographical 
jKNBtion,  bat  by  reference  to  the  spedes  of  organic  bcini^  alone,  whether 
aqnatic  or  terrestrial,  whose  remains  occur  m  beds  interstratificd  v,''ith 
lavas»  that  we  can  clearly  distinguisli  the  relative  nge  of  volcanoes  of 
which  no  eruptions  are  recorded.  >lad  Southern  Italy  been  known  to 
civilized  nations  for  ns  short  a  period  as  America,  we  should  have  had. 
no  record  of  eruptions  in  Isehia ;  yet  we  might  have  assured  ourselves 
that  the  lavas  of  that  isle  had  flowed  since  the  Meditei-ranean  was  in- 
habited by  the  species  of  testacca  now  living  in  the  Neapolitan  seas. 
With  this  assurance,  it  would  not  have  been  rash  to  include  the  numer- 
ona  vents  of  that  island  in  the  modem  volcanic  group  of  Campania, 

On  aumhur  grounds  we  may  mfer,  without  mueh  hesitation,  that  the 
emptkms  of  Etna,  and  the  modem  earthquakes  of  Calabria,  are  a  eon- 
tiaaation  of  that  action  which,  at  a  somewhat  earlier  period,  produoed 
the  submarine  lam  of  the  Tal  di  Noto  in  SicUy.  But  on  the  other 
hand,  the  laTaa  of  the  Euganean  hills  and  the  Yicentin,  although  not 
wholly  beyond  the  range  of  earthquake  in  Korthem  Italy,  must  not 
be  eonfonnded  with  any  existing  volcanic  system  ;  for  when  they  flowed, 
the  seas  were  inhabited  by  animals  almost  all  of  them  distinct  from 
those  now  known  to  Uve,  whether  in  the  Meditenanean  or  other  parts  of 
the  globe. 
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Hiitory  of  tlie  ynikuio  Muptknn  ia  tlie  disfariet  roiiiid  Naples— Earl/  eomroUaai 
in  the  bknd  of  lachia — Numefont  coDes  tlirown  up  thera— Lake  Avcrnu»— • 
The  Solfalara — Renewal  of  tlie  eruptions  of  Vesuvius,  a.  p.  79 — Pliny's  Ji  fcn'p- 
tion  of  the  phenomena — Ilia  sUeiico  respecting  the  destniction  of  Ilercuianeum 
ftnd  Pompeii — Subeequent  history  of  YesuTius — Lava  dischai^d  in  Iscbia  in 
1802— >PiiiM  in  the  •niptiMM  of  VMaviof— Monte  Koovo  Ifarowa  vp—ITiii* 
knaSij  of  thft  fokaaie  opcntioiw  of  VcftUTim  «nd  IU«gfMn  Fiddt  in  widint 
and  modem  timesL 

I  SHALL  next  give  a  bkcich  of  the  iiLstory  of  some  of  the  volcanic  vents 
dispersed  throughout  the  great  regions  before  described,  tnd  consider 
the  composition  and  arrangement  of  their  lavas  and  ejected  matter. 
The  only  volcanic  region  known  to  the  ancients  was  that  of  the  Medi- 
temnean ;  and  even  of  tbis  Hai&f  bare  tnmsmiited  to  ub  rerj  imperfect 
records  relatiog  to  tbe  eniptions  of  the  three  priiici|Nil  dbtrictSy  namely, 
that  round  Naples,  that  of  Sicily  and  its  isles,  and  that  of  the  Grecian 
Arehipelaga  By  far  the  mosl^  connected  seties  of  records  tbrooghout  a 
long  period  relates  to  the  fiist  of  these  provinces ;  and  these  cannot  be 
too  attentirdy  considered,  as  much  historical  infonnatioa  is  indispeosap 
ble  in  order  to  enable  us  to  obtain  a  clear  view  of  the  connection  and 
alternate  mode  of  action  of  the  different  vents  in  a  single  yolcanic  group. 

JSarhj  convuUiont  m  the  Island  of  Ischia, — ^Xhe  Neapolitan  volcanoes 
extend  from  Vesuvius,  through  the  Phlegraean  Fields,  to  Procida  and 
Ischia,  in  a  somewhat  linear  arrangement,  ranging  from  the  northeast 
to  the  southwest,  ns  will  be  seen  in  the  annexed  map  of  the  volcanic 
district  of  Nn pi cs  (  ^1L,^  40).  Within  the  space  above  limited,  the  vol- 
canic force  is  sometimes  developed  in  single  eruptions  from  a  consiider- 
able  numVier  of  irregularly  scattered  points ;  but  a  great  part  of  its 
action  has  been  confined  to  one  principal  and  habitual  vent,  Vesuvius  or 
feuniaia.  Before  the  Christian  era,  from  the  remotest  periods  of  which 
we  have  any  tradition,  this  principal  vent  was  in  a  state  of  inactivity. 
But  temfio  conrulsions  then  took  place  from  time  to  time  in  Iscbk 
(Pitbecusa),  and  seem  to  have  extended  to  the  neighboring  isle  of  Pre- 
eida  (Procli}  ta) ;  for  Strabo*  mentions  a  stoiy  of  Procida  having  been 
torn  asunder  from  Ischia ;  and  Plinyf  derives  Its  name  from  its  baring 
been  poured  forth  by  an  eruption  from  Ischia. 

The  present  cireumferenee  of  Ischia  along  the  water*8  edge  is  etghteen 
mUesy  its  length  from  west  to  east  about  five,  and  its  bceadth  from  nvtb 

•LiUv.  I  iratHi«t.lifaLiiLe  «. 
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»  flOQth  three  miles.  Serenl  Oreek  colonies  irhieh  settled  there  helbre 
the  Cbristiaa  en  were  compelled  to  abandoa  it  in  oensequence  o£  the 
fioleoce  of  the  eraptions.  First  4he  Eiythneans^  and  afterwards  the 
dudddiaDB,  are  mentioned  as  baviog  been  driren  out  by  earthquakes 
ind  igneoDS  ezhalaUons,   A  colony  wsa  aifterwards  estahlished  by  Hiero 


Fig.  40. 


k'mg  of  Syracuse,  aboat  38<^  yeare  before  the  Christian  era ;  bat  when 
(hejr  had  bnilt  a  fortress,  they  were  compelled  by  an  eruption  to  fly, 
and  never  again  returned.  Strabo  tells  us  that  Timseus  recorded  a  tra- 
dition, that,  a  little  before  his  time,  Epomciis,  the  principal  mountain  in 
the  centre  of  tl)'^  i-^l;md,  vomited  fire  during  gn  :it  earthquakes  ;  that 
the  land  between  it  and  the  coa&t  had  i  j  rted  much  ti«^ry  matter,  wliich 
flowed  into  the  sea,  and  that  the  sea  n  (  rdcd  for  the  disuuice  of  three 
iLidia,  and  then  returning,  overtiowed  the  island.  This  eruption  is 
supposf'd  bv  some  to  have  beon  that  which  foniied  the  crater  of  Monte 
Corvo  uu  ijiic  of  the  liigher  llanks  of  Epomeo,  above  Foria,  the  lava- 
current  of  which  muy  still  be  traced,  by  aid  of  the  scoriae  on  its  surface, 
ftom  the  crater  to  the  sea. 

To  one  ef  the  snbeequent  emptkms  hi  the  tower  parts  of  the  isle^ 
which  eanaed  the  ezpulskm  of  the  first  Oreek  colony,  Monte  Botaro 
bas  been  attribaledp  and  it  bean  every  mark  of  recent  ongm.  The 
cone,  which  I  examined  in  1828,  is  remarkably  perfect^  and  has  a  era- 
ler  on  its  smamit  precisely  resembling  that  of  Monte  Knovo  near  Kaplea ; 
bat  the  hill  is  laiger,  and  resembles  some  of  the  more  consideiable 
cones  of  single  emption  near  Cleraumt  in  Auvergne,  and,  like  some  ol 
tkcm,  it  has  given  Ycnt  to  a  lava^stream  at  its  base,  instead  of  its  sum- 
niti  A  small  ravine  swept  ont  by  a  tonent  exposes  the  stroetnre  of 
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the  cone,  which  is  composed  of  innumerable  inclined  and  slightly  undu- 
lating layers  of  pumice,  scoriae,  white  lapilli,  and  enormous  angular 
blocks  of  trachyte.  These  last  have  evidently  been  thrown  out  by  vio- 
lent explosions,  Uke  those  which  in  1822  launched  from  Vesuvius  a 
mass  of  augitic  lava,  of  many  tons'  weight,  to  the  distance  of  three 
miles,  which  fell  in  the  garden  of  Prince  Ottajano.  The  cone  of  Ro- 
taro  is  covered  with  the  arbutus,  and  other  beautiful  evergreens.  Such 
is  the  strength  of  the  virgin  soil,  that  the  shrubs  have  become  almost 
arborescent ;  and  the  growth  of  some  of  the  smaller  wild  plants  has 
been  so  vigorous,  that  botanists  have  scarcely  been  able  to  recognize 
the  species. 

The  eruption  which  dislodged  the  Syracusan  colony  b  supposed  to 
have  given  rise  to  that  mighty  current  which  forms  the  promontory  of 
Zaro  and  Caruso.  The  surface  of  these  lavas  is  still  very  and  and 
bristling,  and  is  covered  with  black  scoriae ;  so  that  it  is  not  without 
great  labor  that  human  industry  has  redeemed  some  small  spots,  and 
converted  them  into  vineyards.  Upon  the  produce  of  these  vineyards 
the  population  of  the  island  is  almost  entirely  supported.  It  amounted 
when  I  was  there,  in  1828,  to  about  twenty-five  thousand,  and  was  on 
the  incrctise. 

From  the  date  of  the  great  eruption  last  alluded  to,  down  to  our  own 
time,  Ischia  has  enjoyed  tranquillity,  with  the  exception  of  one  emission 
of  lava  hereafter  to  be  described,  which,  although  it  occasioned  much 
local  damage,  does  not  appear  to  have  devastated  the  whole  country, 
m  the  manner  of  more  ancient  explosions.    There  are,  upon  the  whole. 


Fig  41. 


Tart  of  Iscbla  wen  from  \he  Wert. 

a.  Monte  Epomeo  or  San  Nlccola.  6.  Klonto  Vteft. 

c.  Another  of  Uio  minor  cones  with  a  crater.* 


on  different  parts  of  Epomeo,  or  scattered  through  the  lower  tracts  o( 
Ischia,  twelve  considerable  volcanic  cones  which  have  been  throvnn  up 
since  the  island  was  raised  above  the  surface  of  the  deep  ;  and  many 
streams  of  lava  may  have  flowed,  like  that  of  "  Arso"  in  1302,  without 
cones  having  been  produced ;  so  that  this  island  may,  for  ages  before 
the  period  of  the  remotest  traditions,  have  served  as  a  safety-valve  to 
the  whole  Terra  di  Lavoro,  while  the  fires  of  Vesuvius  were  dormant. 

•  See  Poulott  Scrope,  GeoL  Trana.  2d  Mries.  vol.  ii.  pL  84 
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Lake  Aitrnus. — It  seems  also  clear  that  Avemus,  a  circular  lake 
near  Puzzuoli,  about  half  a  iniie  in  diameter,  which  is  now  a  salubrious 
and  cbfleifiil  spot,  once  exhaled  mephitic  vapors,  such  as  are  often  emit- 
ted bir'onitexs  after  eroptums.  There  is  no  reason  for  dtsereditkig  the 
aoeomt  of  Liicretiiu,  that  birda  could  not  fly  orer  it  withont  bebg 
stilled,  although  they  may  now  frequent  it  uninjured.*  There  must 
bare  heen  a  tune  when  this  crater  was  in  action ;  and  for  many  centu- 
ries afterwards  it  may  have  deserved  the  appelhtion  of  "atri  jauna 
Ditis,"  emittingi  perhaps,  gases  as  destnictiTe  of  animal  life  as  those 
«(affociiting  vapors  given  out  by  Lake  Quilotoa,  in  Quito,  in  1797,  by 
wliieh  whole  herds  of  cattle  on  its  shores  were  killed,f  or  as  those  dele- 
terious emanations  which  annihilated  all  the  cattle  in  the  island  of  Lan- 
cerotp,  one  of  the  Canaries,  in  1730.J  Bory  St.  Vincent  mentions,  that 
in  the  same  isle  birds  fell  lifeless  to  thf»  p^round  ;  and  Sir  William  Ham-  * 
ilton  informs  us  that  he  picked  up  dead  birds  on  Vesuvius  during  an 
omption. 

Solfatara. — The  Solfatara,  near  Puzzuoli,  which  may  be  considered 
ds  a  nearly  extinguished  crater,  appears,  by  the  accounts  of  Strabo  and 
others,  to  have  been  before  the  Chrisuan  era  in  very  much  the  same 
state  as  at  present,  giving  vent  continually  to  aqueous  vapor,  together 
with  sulphureous  and  muriatic  acid  gases,  like  those  erolTed  by  Vesu- 

TIOS. 

Aandmi  hiitory  of  Vemmm. — ^Such,  then,  were  the  pomts  where  the  * 
*  subteminean  fires  obtained  rsoi,  from  the  earliest  period  to  which  trs* 
dition  reaches  back,  down  to  the  first  centuiy  of  the  Christian  era ;  but 
we  then  arrive  at  a  crisis  in  the  Toloanic  action  of  this  district — one  of 
the  most  interesting  events  witnessed  by  man  during  the  brief  period 
thnmgbont  which  he  has  observed  the  physical  changes  on  the  earth's 
surfiice.  From  the  first  colonization  of  Southern  Italy  by  the  Greeks, 
Vesuvius  afforded  no  other  indications  of  its  volcanic  character  than 
such  as  the  natumlist  might  infer,  fr'^m  tlie  analogy  of  its  structure  to 
other  volcanoes.  These  were  rron^^^mzi  il  V)v  Strabo,  but  Pliny  did  not 
include  the  ni<junlain  in  Mvs  list  of  active  vents.  The  ancient  cone  was 
of  a  very  tclj  liI  u  form,  terminating  not  as  at  present  in  two  peaks,  but 
with  a  siiiniin:  which  presented,  when  seen  from  a  distance;  the  even 
outline  of  an  abruptly  truncated  cone.  Ou  the  summit,  as  wc  learn 
from  Plutarch,  there  was  a  crater  with  steep  cli£&,  and  having  its 
Ulterior  overgrown  with  wild  ruie8»  and  with  a  sterile  plam  at  the  bot« 
torn.  On  the  exterior,  the  flanks  of  the  mountain  were  clothed  with 
fertile  fields  richly  cultivated,  and  at  its  base  were  the  populous  cities 
of  Herculanenm  and  Pompeii.  But  (be  scene  of  repose  was  at  length 
doomed  to  cease,  and  the  volcanic  fire  was  recalled  to  the  main  channel, 
which  at  some  former  unknown  period  bad  giTcn  passage  to  repeated 
strearaa  of  melted  lava,  sand,  and  scoriae. 

*  De  Iterum  li^at  vi.  740. — ForbeA,  ou  Bay  of  jCfaples,  Kdio.  Joura.  of  ScL  No 
Hi  new  series,  n.  87.  Jaa  1880.  t  Humboldt,  Voy.  p.  817. 

%  YoD  Bnch^  ueber  einen  TukeaiidMa  Ansbcuch  aof  der  lasei  LsoMrote. 
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JitMwd  cf  Um  erupHont^-^The  first  symptom  of  the  revival  of  the 
eneigies  of  thb  voloano  iras  the  oecuRence  of  an  earthqulGB  in  the  year 
63  after  Christ*  which  <tid  ooosiderable  injury  to  the  dtwa  in  Its  vicinity. 
From  that  time  to  the  year  70  slight  shocks  were  frsqueat ;  and  in  the 
month  of  August  of  that  year  they  became  more  numerous  and  violent^ 
till  they  ended  at  length  in  an  eruption.  The  elder  Plioy,  who  com> 
manded  the  Roman  fleet,  was  then  stationed  at  Miscnum ;  and  in'hia 
anxiety  to  obtain  n  near  view  of  the  phenomena,  he  lost  his  life,  being 
suffocated  by  sulphureous  vapors.  His  nephew,  the  younger  Pliny, 
remained  at  Misenum,  and  has  given  as.  in  his  Letters,  a  lively  descrip- 
tion of  the  awful  scene.  A  dense  column  of  rapor  w<is  tirst  seen  nsing 
vertically  from  Vesuvius,  and  then  spreadinsf  itself  out  laterally,  so  that 
its  upper  portion  resembled  the  licuU,  and  its  lower  the  trunk  of  the 
'  pine,  which  characterizes  the  Itoliim  landscape.  This  black  cloud  was 
pierced  occasionally  by  Hashes  of  fire»  as  vivhl  as  lightning,  succeeded 
by  darimesa  more  profoimd  than  night.  Ashes  fell  even  npoa  the  ships 
at  llisennm,  and  caused  a  shoal  in  one  part  of  the  sea — ^the  ground 
rocked,  and  the  sea  receded  from  the  shofes,  so  that  many  marine  ani- 
mab  were  seen  on  the  dry  sand.  The  appearances  above  deierihed 
agree  perfectly  with  those  witnessed  in  mors  recent  emptions,  especially 
those  of  Monte  Nuovo,  in  1538,  and  of  Vesnvius  in  1822. 

The  younger  Pliny,  although  giving  a  circumstantial  detail  of  so  many 
physical  facts,  and  describing  the  eruption  and  earthqiutke,  and  the  shower 
of  ashes  which  fell  at  Stabicc,  makes  no  allusion  to  the  sudden  overwhelm- 
ing of  two  hxnrQ  and  populous  cities,  Ilcrculaneura  and  Pompeii.  In  ex- 
planation of  this  omission,  it  has  been  suggested  that  \iis  chief  object  was 
simply  to  give  Tacitus  a  full  account  of  the  particulars  of  his  uncle's  death. 
It  is  worthy,  however,  of  remark,  that  had  the  buried  cities  never  been 
di&cuvered,  the  accounts  transmitted  to  us  of  their  trdgical  end  might 
well  have  been  discredited  by  the  majority,  so  vague  and  freneral  are 
the  narratives,  or  so  long  subsequent  to  the  event,  iacitus,  liie  iVitud 
and  contemporary  of  Pl'my,  when  adverting  in  general  terms  to  the  con« 
viilsions,  says  merely  thai  "cities  were  consumed  or  buried."*  ' 

Suetonius,  although  he  aUudes  to  the  eruption  incidentally,  is  silent 
as  to  the  dties.  They  are  moitiohed  by  Martial,  in  an  epigram,  as  im> 
mersed  in  cmders ;  but  the  first  historian  who  alludes  to  them  by  name 
is  Dion  Gassius,f  who  flourished  about  a  century  and  a  half  after  Pliny. 
He  appears  to  have  dmved  his  information  from  the  traditions  of  the 
inhabitants,  and  to  have  recorded,  without  discrimination,  all  the  fiuts 
and  fables  which  he  could  collect.  He  tolls  us,  **  that  during  the  erup> 
tion  a  multitude  of  men  of  superhumsii  stature^  resembling  giants»  ap- 
peared, sometimes  on  the  mountain,  and  sometimes  in  the  environs — > 
that  stones  and  smoke  were  thrown  out,  the  sun  was  hidd»'n.  and  then 
the  giants  seemed  to  rise  again,  while  the  sounds  of  irninjx is  were 
lieard,  <&c.,  <kc. ;  and  finally,"  he  relates,  **  two  entire  cities,  lierculaoeum 

*  fiatut«  aut  obrutA  t  bes.— Hist.  lib.  L  f  Hut.  Koni.  lib.  Ixti 
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and  Pompeii,  were  buried  under  showers  jof  ashes,  while  all  the  people 
were  sitting  in  the  theatre."  That  many  of  these  circumstances  were 
invented,  would  have  been  obvious,  even  without  the  aid  of  Pliny's  let- 
ters ;  and  the  examination  of  Herculaneum  and  Pompeii  enables  us  to 
prove,  that  none  of  the  people  were  destroyed  in  the  theatres,  and  in- 
deed that  there  were  very  few,  of  the  inhabitants  who  did  not  escape 
from  both  cities.  Yet  some  lives  were  lost,  and  there  was  ample  foun- 
dation for  the  tale  in  its  most  essential  particulars. 

It  docs  not  appear  that  in  the  year  79  any  lava  flowed  from  Vesu- 
vius ;  the  ejected  substances,  perhaps,  consisted  entirely  of  lapilli,  sand, 
and  fragments  of  older  lava,  as  when  Monte  Nuovo  was  thrown  up  in 
1538.  The  first  era  at  which  we  have  authentic  accounts  of  the  flowing 
of  a  stream  of  lava,  is  the  year  1036,  which  is  the  seventh  eruption  fros^ 
the  revival  of  the  fires  of  the  volcano.  A  few  years  afterwards,  in  1049, 
another  eruption  is  mentioned,  and  another  in  1138  (or  1139),  after 
which  a  great  pause  ensued  of  168  years.  During  this  long  interval  of 
repose,  two  minor  vents  opened  at  distant  points.  First,  it  is  on  tradi- 
tion that  an  eruption  took  place  from  the  Solfatara,  in  the  year  1198, 
during  the  reign  of  Frederick  II.,  Emperor  of  Germany ;  and  although 
no  circumstxmtial  detail  of  the  event  has  reached  us  from  those  dark 
ages,  we  may  receive  the  fact  without  hesitation.*  Nothing  more,  how- 
ever, can  be  attributed  to  this  eruption,  as  Mr.  Scrope  observes,  than 
the  discharge  of  a  light  and  scoriform  trachytic  lava,  of  recent  aspect, 
resting  upon  the  strata  of  loose  tuff  which  covers  the  principal  mass  of 
trachyte.f 

Volcanic  eruption  in  lochia,  1302. — The  other  occurrence  is  well 
authenticated — the  eruption,  in  the  year  1302,  of  a  lava-stream  from  a 
new  vent  on  the  southeast  end  of  the  Island  of  Ischia.  During  part  of 
1301,  earthquakes  had  succeeded  one  another  with  fearful  rapidity  ;  and 
they  terminated  at  last  with  the  discharge  of  a  lava-stream  from  a  point 
named  the  Campo  del  Arso,  not  far  from  the  town  of  Ischia.  This  lava 
ran  quite  down  to  the  sea — a  distance  of  about  two  miles ;  in  color  it 
varies  from  iron-gray  to  reddish  black,  and  is  remarkable  for  the  glassy 
felspar  which  it  contains.  Its  surface  is  almost  as  sterile,  after  a  period 
of  five  centuries,  as  if  it  had  cooled  down  yesterday.  A  few  scantlings 
of  wild  thyme,  and  two  or  three  other  dwarfish  plants,  alone  appear  in 
the  interstices  of  the  scorice,  while  the  Vcsuvian  lava  of  1767  is  already 
covered  with  a-  luxuriant  vegetation.  Pontanus,  whose  country-house 
was  burnt  and  overwhelmed,  describes  the  dreadful  scene  as  having 
lasted  two  months. J  Many  houses  were  swallowed  up,  and  a  partial 
emigration  of  the  inhabitants  followed.  This  eruption  produced  no 
cone,  but  only  a  slight  depression,  hardly  deserving  the  name  of  a  era. 

*  The  earliest  authority,  savs  Mr.  Forbes,  given  for  this  fact,  appears  to  bo 
Capaccio,  qaoted  in  the  Terra  '^rcmante  of  Bonito.— Edio.  Joum.  of  ScL  Ac  Na 
i.  new  series  p.  127.    July,  1829. 

♦  Oeol.  Trans,  second  series,  voL  ii.  p.  846. 

X  Lib.  vi.  de  Dello  Neap,  in  Graevii  Thcsaur. 
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ter,  where  heaps  of  black  and  red  scorise  lie  scattered  around.  Untfl 
this  eruption,  Ischia  is  generally  believed  to  have  enjoyed  an  interval  of 
rest  for  about  seventeen  centuries  ;  but  Julius  Obsequens,*  -who  flour- 
ished A.  D.  214,  refers  to  some  volcanic  convulsions  in  the  year  662 
after  the  building  of  Rome  (91  c.)  As  Pliny,  who  lived  a  century 
hefore  Obsequens^  does  not  enumerate  this  among  other  volcanic  erup- 
tions, the  statement  of  the  latter  author  is  supposed  to  have  been  lerro- 
noous ;  but  it  would  be  more  consistent,  for  reasons  before  stated,  to 
'  disregard  the  silence  of  Pliny,  and  to  conclude,  that  some  kind  of  sub- 
terranean commotion,  probably  of  no  great  violence,  happened  at  the 
period  alluded  to. 

History  of  Vesuvius  after  1138. — To  retuni  to  Vesuvius: — the  nex» 
eruption  occurred  in  1306;  between  which  era  and  1G31  there  was 
only  one  other  (in  1500),  and  that  a  slight  one.  It  has  been  remarked, 
that  throughout  this  period  Etna  wfis  in  a  state  of  such  unusual  activity » 
as  to  lend  countenance  to  the  idea  that  the  great  Sicilian  volcano  may 
sometimes  serve  as  a  channel  of  discharnrc  to  elastic  fluids  and  lava  that 
would  otherwise  rise  to  the  vents  in  Campania. 

Formation  of  Monte  Nuovo,  1538. — The  great  pause  was  also  marked 
by  a  memorable  event  in  the  Phlegraean  Fields — the  sudden  formation 
of  a  new  mountain  in  1538,  of  which  we  have  received  authentic  ac- 
counts from  contemporar}'  writers. 

The  height  of  this  mountain,  called  ever  since  Monte  Nuovo,  has  been 
determined  by  the  Italian  mineralogist  Pini,  to  be  440  English  feet 


Fig.  42. 


Monto  Nuovo,  formed  in  tho  Bay  of  Bale,  BepL  2»th,  1533. 

1.  Cone  of  Monte  Nuovo.  2.  Brim  of  crater  of  ditta 

3.  Thermal  ppring,  called  Baths  of  Nero,  or  Slufe  dl  TrltoIL 


above  the  level  of  the  bay ;  its  base  is  about  eight  thousand  feet,  or 
moro  than  a  mile  and  a  half  in  circumference.    According  to  Pini,  the 

*  Prodig.  libeL  c.  cxiv. 
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depth  of  the  crater  is  421  English  feet  from  the  summit  of  the  hill,  so 
that  its  bottom  is  only  nineteen  feet  above  the  level  of  the  sea.  The 
cone  is  declared,  by  the  best  authorities,  to  stand  partly  on  the  site  o( 
the  Lucrine  Lake  (4,  fig.  43),*  which  was  nothing  more  than  the  crater 
of  a  prc-existent  volcano,  and  was  almost  entirely  filled  during  the  ex- 
plosion of  1538.  Nothing  now  remains  but  a  shallow  pool,  separated 
from  the  sea  by  an  elevated  beach,  raised  artificially. 


Fiic.4a 


The  IMilefeTSPan  Fleldfc 

1.  Mont£  NuoTo.  4.  Lucrine  Lake. 

2.  Monto  Hnrbarn.  ft.  TJie  H<ilftitara. 
&.  Lake  Avernaa.  d.  Puzxuoll. 

7.  Bay  of  Baiw. 


Sir  William  Hamilton  has  given  us  two  original  letters  describing  this 
eruption.  The  first,  by  Falconi,  dated  1538,  contains  the  following 
passages.!  **  It  is  now  two  years  since  there  have  been  frequent  earth- 
quakes at  Puzzuoli,  Naples,  and  the  neighboring  parts.  On  the  day 
and  in  the  night  before  the  eruption  (of  Monte  Nuovo),  above  twenty 
shocks,  great  and  small,  were  felt.  The  eruption  began  on  the  29th  of 
Septembwjr,  1538.  It  was  on  a  Sunday,  about  one  o'clock  in  the  night, 
when  flames  of  fire  were  seen  between  the  hot  baths  and  Tripergola. 
In  a  short  time  the  fire  increased  to  such  a  degree,  that  it  burst  open 
the  earth  in  this  place,  and  threw  up  so  great  a  quantity  of  ashes  and 
pumice-stones,  mixed  with  water,  as  covered  the  whole  country.  The 
next  morning  (after  the  formation  of  Monte  Nuovo)  the  poor  inhabitants 
of  Puzzuoli  quitted  their  habitations  in  terror,  covered  with  the  muddy 
and  black  shower  which  continued  the  whole  day  in  that  country — fly- 
ing from  death,  but  with  death  painted  in  their  countenances.  Some 
with  their  children  in  their  arms,  some  with  sacks  full  of  their  goods  ; 
others  leading  an  ass,  loaded  with  their  frightened  family,  towards  Na- 

•  This  reprcfientatinn  of  the  Phle^aean  Fields  is  reduced  from  part  of  Plate 
xixL  of  Sir  William  Hamilton's  i^cat  work  "Campi  Phlegrai."  The  faithfulneM 
9i  hit  colored  delioeations  of  the  scenery  of  that  country  cannot  be  too  higlilj 


pi  Phlcgrfiei,  p.  70. 
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pies;  oihm  myiogqtiaiitttiM  of  birds,  ^ 

dead  al  tbe  beaming  o£  the  ernption ;  othevs»  agaiiv  with  fidi  wliieh 
the^  lisd  foond,  and  wlueh  wm  to  be  met  with  in  pkntf  oo  the  ibote^ 
the  sea  having  left  them  dry  for  a  considerable  time.  I  aeoompamed 
S^or  Moramaldo  to  behold  the  wonderful  effects  of  the  eruption*  Hie 
sea  bad  retired  on  the  side  of  Baiae,  abandoning  a  comidenible  trs€t» 
and  the  shore  appeared  almost  entirely  dry,  from  the  qiumtity  of  ashm 
and  broken  pumice-stones  thrown  up  by  the  eruption.  I  saw  two 
tpxmgs  in  the  newly  discoTcred  ruins ;  one  before  the  honse  that  was 
the  queen*s,  of  hot  and  salt  water/'  <fec. 

So  fi;\r  Falconi :  the  other  account  is  by  Pictro  Giacomo  di  Toledo, 
which  brs^ins  thus  : — "  It  is  now  two  years  since  this  province  of  Cam- 
pagna  hns  1m  en  atiiicted  with  earthquakes,  tlie  country  about  Puzzuoli 
much  mon  so  than  any  other  parts  ;  but  the  27th  and  the  28th  of  the 
month  i<(  Srjji.  mbfr  last,  the  earthquakes  did  not  cease  day  or  night 
in  the  town  ot  Fuzzuoli :  that  plain  whicli  lies  between  Lake  Avernus, 
the  Moote  Barbaro,  and  the  sea,  was  ramd  a  little,  and  many  cracki 
were  made  in  it,  from  some  of  which  issued  water;  At  ihe  >ame  time  the 
sea,  immediately  joinini;  the  plain,  dried  up  about  two  hundred  paces,  f,o 
that  the  fish  were  left  on  the  i^und  a  prey  to  the  iuliuljiiants  of  Puzzuoli. 
At  last,  on  the  29th  of  the  same  month,  about  two  o'clock  ia  ilie  nigUt, 
the  earth  opened  near  the  lake,  and  discovered  a  horrid  mouth,  from 
which  were  vomited  furioosly  smoke,  fire,  stones,  and  mud,  composed  of 
ashesr  making  at  the  time  of  its  opening  a  noise  like  the  knidest  thmi* 
der.  The  stones  which  followed  were  bj'the  flames  conTorted  to  pun- 
ice,  and  some  of  these  were  larper  lAon  on  osb.   The  stones  went  about 
as  high  as  a  cross-bow  can  cany,  and  then  fell  down,  sometimes  on  tbe 
edge,  and  sometunes  into  the  month  itself.  The  mnd  was  of  the  color 
of  ashesy  and  at  first  Tery  liquid,  then  by  degrees  less  ao^  and  in  soch 
qvantities,  that  in  less  than  twdve  honts,  with  the  hdp  of  the  abore- 
mentioned  ston^,  a  mountain  was  raised  of  1000  paces  in  height.  Koi 
only  Puzzuoli  and  the  neighboring  country  waa  fuU  of  this  mud,  but  the 
city  of  Naples  also ;  so  that  many  of  its  palaces  were  defaced  by  ik 
Now  this  eruption  lasted  two  nights  and  two  days  without  intcmusaion, 
though,  it  is  true,  not  always  with  the  same  force ;  the  tlurd  day  the 
eruption  ceased,  and  I  went  up  with  many  people  to  the  top  of  the  new 
hill,  and  saw  down  into  its  mouth,  which  was  a  round  cavity  about  a 
quarter  '.f  a  mil  '  in  circumference,  in  the.  middle  of  which,  ilie  stones 
which  had  fallen  were  bc)iling  up,  just  as  a  caldron  of  water  boils  on 
the  f\re.    Tho  fourth  day  it  began  lo  tlirow  up  again,  and  tlie  seventh 
much  more,  but  still  with  le*=<  violence  tlian  ih''  first  niufht.     At  this 
time  many  persons  who  werr       ilu'  liill  were  knocked  down  by  the 
stones  and  killed,  or  smothen  1  u  uli  ihe  smoke.    In  the  day  the  smoke 
still  conunues,  and  you  often  see  tire  in  the  midst  of  it  in  the  night- 
time."» 

It  will  be  seen  ihm  both  these  accounts,  written  immediut«^iy  alter  the 

•  Osmpi  FUsgiwitp. 
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birth  of  Monte  Nuovo,  agree  in  stating  that  the  sea  retired ;  and  one 
mentions  that  its  bottom  was  upraised  ;  but  they  attribute  the  origin  of 
the  new  hill  exclusively  to  the  jets  of  mud,  showers  of  scorije,  and  large 
fragments  of  rock,  cast  out  from  a  central  orifice,  for  several  days  and 
nights.  Baron  Von  Buch,  however,  in  his  excellent  work  on  the  Canary 
Islands,  and  volcanic  phenomena  in  general,  has  declared  his  opinion 
that  the  crone  and  crater  of  Monte  Nuovo  were  formed,  not  in  the  man- 
ner above  described,  but  by  the  upheaval  of  solid  beds  of  white  tuff, 
which  were  previously  horizontal,  but  which  were  pushed  up  in  1538, 
80  as  to  dip  away  in  all  directions  from  the  centre,  with  the  same  incli- 
nation as  the  sloping  surface  of  the  cone  itself.  "  It  is  an  error,"  he 
says,  "  to  imagine  that  this  hill  was  formed  by  eruption,  or  by  the  ejec- 
tion of  pumice,  scoriae,  and  other  incoherent  matter  ;  for  the  solid  beds 
of  upraised  tuff  are  visible  all  round  the  crater,  and  it  is  merely  the  su- 
perficial covering  of  the  cone  which  is  made  up  of  ejected  scoriaB."* 

In  confirmation  of  this  view,  M.  Dufrdnoy  has  cited  a  passage  from 
the  works  of  Porzio,  a  celebrated  physician  of  that  period,  to  prove 
that  in  1538  the  ground  where  Monte  Nuovo  stands  was  pushed  up  m 
the  form  of  a  great  bubble  or  blister,  which  on  bursting,  gave  origin  to 
the  present  deep  crater.  Porzio,  says,  "  that  after  two  days  and  nights 
of  violent  earthquakes,  the  sea  retired  for  nearly  200  yards  ;  so  that  the 
inhabitants  could  collect  great  numbers  of  fish  on  this  part  of  the 
shore,  and  see  some  springs  of  fresh  water  which  rose  up  there.  At 
length,  on  the  third  -day  of  the  calends  of  October  (September  20),  they 
saw  a  large  tract  of  ground  intervening  between  the  foot  of  Monte  Bar- 
baro,  and  part  of  the  sea,  near  the  Lake  Avemus,  rise,  and  suddenly 
assume  the  form  of  an  incipient  hill ;  and  at  two  o'clock  at  night,  this 
heap  of  earth,  opening  as  it  were  its  mouth,  vomited,  with  a  loud  noise, 
flames,  pumice-stones,  and  ashcs."f 

So  late  as  the  year  1846  a  fourth  manuscript  (written  immediately 
after  the  eruption)  was  discovered  and  published  in  Germany.  It  was 
written  in  1538  by  Francesco  del  Nero, J  who  mentions  the  drying  up 
of  the  bed  of  the  sea  near  Puzzuoli,  which  enabled  the  inhabitants  of 
the  town  to  carry  oflf  loads  of  fish.  About  eight  o'clock  in  the  morn- 
ing of  the  29th  September,  the  earth  sunk  down  about  14  feet  in  that 
place  where  the  volcanic  orifice  now  appears,  and  there  issued  forth  a 
small  stream  of  water,  at  first  cold,  and  afterwards  tepid.  At  noon,  on 
the  same  day,  the  earth  began  to  swell  up  in  the  same  spot  where  it 
had  sunk  down  14  feet,  so  as  to  form  a  hill.    About  this  time  fire 

•  P.  347.    Parif,  1836. 

t  "  Magnus  tcrrs  tractufl,  qui  inter  ra'liccs  montis,  quetn  Darbarum  incolie  ap 
pelknt,  et  mare  juxta  Avernum  jacet,  scse  erif^ere  videbatur,  et  montis  subitf 
QMoentis  figuram  imitari.  Eo  ipso  die  bor&  noctis  IL,  iste  teirae  cumulus,  aperti 
▼eloti  ore,  ma^o  ciun  fremitu,  magnoe  igne^  evomuit ;  pumiccsque,  et  lapidc% 
cintre-^jue.'' — Porzio,  Opera  Omnij,  Medica,  Phil^  et  Mathemat.,  in  unum  coilecta 
Ii86,  ated  by  Dufrenoy,  M^m.  pour  een  ir  t  une  Descriptioo  06olngique  do  Ii 
ftmee,  tom.  iV.  p.  274. 

X  See  Neues  Jahr  Buch  for  1846,  and  a  transla^.ion  in  the  Quarterly  Joura.  ol 
*e  0«oL  Soc.  for  1847,  vol  iil  p.  20,  Memoirs. 
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ittued  forth,  mad  gave  rise  to  tlie  gnat  gol^  "  with  muih  «  foiee,  doIm, 
and  stuning  ]tghl»  that  I,  who  iru  standing  in  my  garden,  was  seisad 
with  terror.  Forty  mioates  afterwards,  although  unwell,  I  got  upon  a 
neighboring  height,  from  which  I  saw  all  that  took  plaoe^  and  by  my 
troth  it  was  a  splendid  fire,  that  threw  up  for  a  long  time  mnell  asith 
and  many  stones,  which  fell  back  a^in  all  round  the  gulf,  in  a  senucir- 
cle  of  from  one  to  three  bow-shots  in  diamf  tor,  and,  filling^  up  part  of 
the  sea,  formed  a  hill  nearly  of  the  height  of  Monte  Morello.  Masses 
of  earth  and  stones,  as  lar^ro  as  an  ox,  were  shot  up  from  the  herv  i^islf 
into  the  air,  to  a  height  which  I  estimate  at  a  mile  and  a  half  When 
tiiey  descended,  some  were  dry,  others  in  a  soft  muddy  state."  lie 
concludes  by  alluding  agaiii  tu  ihc  sinking  of  the  ground,  and  the  eleva- 
tion of  it  which  followed,  and  s«iys  that  to  him  it  was  inconceivable  how 
such  a  mass  of  stones  and  ashes  oonld  have  been  poured  forth  from  the 
golf.  He  also  refeia  to  tbe  account  which  Ponio  was  to  draw  up  for 
tho  Viceroy.  • 

On  comparing  these  fdnr  accounts,  recorded  by  eye-witiieasea»  them 
appean  to  be  no  real  disorepaney  between  them.  It  seems  clear  tfast 
the  ground  first  sunk  down  14  feet  on  the  site  of  the  futuro  volcsno^ 
and  after  baring  subsided  it  was  again  propelled  upwards  by  tho  lava 
mingled  with  steam  and  gases,  wUch  were  about  to  burst  forth.  Jets 
of  red-hot  lava,  fragments  of  fractured  rock»  and  oecasbnally  mud  com- 
posed of  a  mixture  of  pumice,  tuff,  and  seapwater,  were  hurled  into  the 
mr.  Some  of  the  blocks  of  stone  were  very  large,  leading  us  to  infer 
that  tlie  ip-ound  which  sank  and  rose  again  was  ratich  shatt*^r«^d  and 
torn  to  pieces  by  the  elastic  vapors.  The  whole  hill  was  not  formed  at 
once,  but  by  an  intermittent  action  extending  over  a  week  or  more.  It 
seems  that  the  chasm  op«-ned  between  Tripergola  and  the  baths  in  iw 
suburbs,  and  that  the  ejected  materials  fell  and  buried  that  small  town. 
A  considerable  part,  however,  of  the  hill  was  formed  in  less  than 
twenty-four  hours,  and  in  the  same  manner  as  on  a  smaller  scale  the 
mud  cones  of  the  au:  volcanoes  are  produced,  with  a  cavity  in  the  mid- 
dle. There  is  no  difficulty  in  coneeiring  that  the  punuceousinnd,  if 
so  thrown  out,  may  have  set  into  a  Idod  of  stone  on  drying,  just  as 
some  cements,  composed  of  Tolcanic  ashes,  are  Imown  to  ooasolidBle 
with  &cility. 

I  am  infonned  that  Baran  Von  Buch  discovered  some  marine  sb^ 
ti  existing  species,  such  as  occur  fossil  in  the  tuff  of  the  neighborhood^ 
m  beds  eiposed  low  down  in  the  walls  of  the  crater  of  Monie  Kuova 
These  may  have  been  ejected  in  the  mud  mixed  with  sea-water  which 
was  cast  out  of  the  bc^Uog  gulf;  or,  as  Signor  Arcangelo  Scacchi  has 
suggested,*  they  may  have  been  derived  from  the  older  tuff,  which 
contains  marine  shells  of  recent  species.  The  same  observer  remarks 
thnt  Porzio's  account  upon  the  whole  corrolxirates  the  doctniv  <»f  the 
cone  having  been  formed  by  eruption,  in  proof  of  which  he  cites  tJie 

*  Mem.  iioy.  Acad.  JUa^  1849. 
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fiiBowbg  passage But  what  mm  tnil j  astonwhingj  a  Ml  of  pumiQe* 
itoMi  and  ashes  was  heaped  tip  nmnd  the  gulf  to  the  he%ht  of  a  mile 
ii  a  HDgle  night.***  flignor  Seaechi  alao  adda  that  the  aocient  temple 
cf  ApoDo,  now  at  the  foot  of  Monte  Km?o,  and  the  walls  of  whioh 
ilfll  relahi  their  perfect  perpendieiilarity,  eoald  not  poaaiUy  have  main- 
tdotd  that  poaitkm  had  the  eone  of  Monte  Nno^o  really  heen  the  leaolt 
of  upheaval. 

Tripergola  waa  much  fieqi^nted  as  a  watering-place,  and  contained 
a  bo^Ntal  for  those  who  resorted  there  for  the  beiiiefit  of  the  thermal 
ifiriiigs ;  and  it  appears  that  there  were  no  fewer  than  three  inns  in  the 
pnncipal  street.  Had  Porzio  stated  thnt  any  of  those  buildlncf?,  or  the 
ruins  of  them,  were  seen  by  liirnself  or  ethers  raised  up  above  the  plain, 
a  {.hort  time  before  the  first  eruption,  so  as  to  stand  on  the  summit  or 
slope  of  a  newly-raised  hillock,  we  might  have  been  compelled,  by  so 
drcamstantial  a  narrative,  to  adopt  M.  Dufr6noy*s  interpretation. 

Bnt  in  the  absence  of  such  evidence,  we  must  appeal  to  the  crater 
itself,  where  we  behold  a  section  of  Llie  whole  mountain,  without  being 
aUe  to  detect  any  original  nucleos  of  upheaved  rock  distinct  from  the 
ml;  on  the  eontniy,  the  whole  maaa  is  atmilar  throughout  m  compoai* 
lioo,  iiid  the  cone  very  symmetrioal  In  form ;  nor  are  there  any  cleftet 
laeh  as  might  he  looked  for,  as  the  effect  of  the  sodden  upthrow  of 
1I0D7  masses.  M.  0.  Prevost  has  well  remarked,  that  if  heda  of  solid 
asdaoa-dastio  materials  had  yielded  to  aWolent  pressure  directed  from 
beknr  upward,  we  ahouM  find  not  aimply  a  deep  empty  cavity,  but  an 
imgalsr  opening,  where  many  rents  con- 
Wged ;  and  these  rents  would  be  now  ^ 
Ken  breaking  through  the  walls  of  the 
crater,  widening  as  they  approach  the 
centre.  (See  Fhy.  44,  <i,  b.)f  Not  a 
single  fissure  of  this  kind  is  ob<?ervrible  in 
the  interior  of  Monte  Nuovo,  where  the 
^alls  of  the  crater  are  continuous  nnd  en- 
lire  ;  aor  are  there  any  dikes  impiymg  that 
rents  had  existed,  which  were  afterwards  fill* d  with  lava  or  other  matter. 

It  h:is  moreover  iK^en  often  urged  by  Vuu  liuch,  L)c  licaumont,  and 
Others,  who  ascribe  ilic  eonicul  form  of  volcanoes  chiefly  to  uphccival 
from  helow,  that  in  such  mountains  there  are  a  great  number  of  deep 
naCs  and  ravinea»  wUch  diverge  on  all  sides  like  tiie  spokes  of  a  wheel, 
from  near  the  ceatral  axia  to  the  dreomference  or  base  of  the  cone,  aa 
inthe  case  of  Palma,  Cental,  and  Tenerilfo.  Yet  the  entire  absence  of 
osah  dhreigent  fiasurea  or  ravhiea,  m  each  caaea  as  Monte  Knovo,  8oaima» 
or  Etna,  is  passed  by  unnoticed,  and  appears  to  have  raised  in  .their 
vands  no  objection  to  their  favorite  theoiy* 

It  is,  indeed,  admitted  by  M.  Dafr^noy  that  there  are  some  facth 

*  "  Vcrum  qood  oomein  superai  admiraiionein,  moos  ciream  earn  roniginein 
V  mniidbasst  chieen  plusquua  nille  psMnnni  sUitodlDe  una  iioete  eoogeitni 
•V"*"  t  lttm.de  U8oe.GeiJ.de  nsDiM^  took  ILp.  91. 
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wbtob  it  is  rexy  difficnli  to  veeonoQe  with  his  ^wn  view  of  PoriioPt  i«e* 
ord.  Thus,  for  example,  there  are  certain  Roman  memnnente  at  tlx 
base  of  Monte  NvovOb  and  on  the  borden  of  Lake  ATenms^  esch  as  the 
lemples  of  Apollo  (before  nHsntioDed)  and  Phito^  wliich  do  not  aeem  to 
have  snfiered  in  the  knat  degree  bj  the  supposed  npheaTsL  "The 
walls  whieh  still  exist  have  preserved  their  vertieal  positioii,  and  the 
vaults  are  in  llio  same  state  as  other  monuments  on  the  shores  of  the 
Bay  of  Baiae.  Tlie  long  gallery  which  Hd  to  the  Sibyl's  Cave,  on  the 
other  side  of  Iiske  AremiiB,  has  in  lilie  manner  escaped  injury,  the  roof 
of  the  gallery  remaining  perfectly  horizontal,  the  only  change  being  that 
the  soil  of  the  chamber  in  which  the  Sibyl  gave  out  her  oracles  is  now 
covcrod  hy  a  few  inches  of  water,  -which  m^^rolv  indicates  a  «li':xht  alter- 
ation in  th  ■  level  of  Lake  Avemus."*  On  the  supposition,  then,  that 
pre-existing  beds  of  pumiceous  tuff  were  upraised  in  1538,  so  as  to  form 
Monte  Nuovo,  it  is  acknowledfjed  that  the  perfectly  undisturbed  state 
of  the  contiguous  soil  on  which  these  ancient  monuments  stand,  is  Tery 
different  from  what  mii^ht  have  been  expected. 

Mr.  Darwin,  in  his  "  Volcanic  Islands,"  has  described  several  crateri- 
form  hills  in  the  Galapagos  Archipelago  as  comp<»ed  of  tuff  which  has 
evidently  Howed  Kke  mud,  and  jet  on  copsdidatiiig  has  presened  an 
inclination  of  twenty  and  even  thirty  degrees.  Tlie  tnff  does  not  fold  in 
continnons  sheets  lonnd  the  hills  as  would  have  happened  if  thcj  had 
been  formed  by  the  upheaval  of  horiaontal  layers.  The  author  describes 
the  composition  of  the  toff  as  veiy  simQar  to  that  of  Monte  Knovo,  sad 
the  high  angles  at  which  the  beds  slope,  both  those  which  have  flowed 
and  those  which  have  fallen  in  the  form  of  ashes,  entirely  removes  the 
difficulty  supposed  by  M.  Dufr6noy  to  eznt  in  regard  to  the  slope  of 
Monte  NuovOr  where  it  exceeds  an  anrrle  of  1 8°  to  20°. \  Mr.  Dans, 
also,  in  his  account  of  the  Sandwich  Islunds,;^  shows  that  in  the  "  cinder 
cones"  of  that  remon,  the  Ptrnta  have  an  original  inclination  of  hetweeo 
36°  and  40°,  while  in  the  "tufa  cones''  formed  near  the  sea,  the  beds 
slope  at  about  an  angle  of  30**.  The  same  naturalist  also  ol^^ened  in 
the  Samoan  or  Navigator  Islands  in  Polynesia,  that  fragments  ol  fresh 
coral  had  been  thrown  up  tosfether  with  volcanic  matter  to  the  height  o{ 
200  feet  above  the  level  of  the  sea  in  cones  of  tufa.§ 

1  shall  again  revert  to  the  doctrine  of  the  origin  of  volcanic  cones  by 
upheaval,  when  speakmg  of  Vesuvius,  Etna,  and  Santorin,  and  shall  not 
merely  add»  that,  in  1538,  the  whole  coast,  from  Monte  Kuovo  to  be> 
yond  PoBrooli,  was  npnnwd  to  the  height  of  many  feet  above  the  bed 
of  the  MeditemifeBn,  and  has  smee  retained  the  greater  part  cf  the 
elevation  then  acquired.  The  proofs  of  these  mnathable  changes  d 
level  win  be  considered  at  length  when  the  phenomena  of  the  temple  fli 
Serapis  are  described.| 

*  Dufrt'Doy.  Mem  pour  servir,  Ac.  p  277. 
f  Darwin'a  Volcanic  lalands,  106,  note. 

t  Geology  of  tlisAmmBfisiiiofiiig£xpedi1i<n,kl8lfl-lMS»pM 
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Volemm  of  tk$  PUigrmn  FUtd$4 — laaMdatJttHj  adjoining  MoiiU 
Noofo  k  the  luger  voleaoie  tiooe  ol  Moate  Barbaro  (2,  Ig.  48«  p.  $09)i 
the  "  Gannis  tnuiii"  of  Jnvenal^aii  ifipeUatioQ  gtvw  to  it  probftbly 
from  its  deep  dnvler  emter,  which  is  about  a  mile  in  diameter.  Laige 
IB  if  this  cone,  it  was  probably  produced  by  ft  single  eruption  ;  and  It 
does  not,  perhaps,  exceed  in  magnitude  aeme  of  the  laigeet  of  those 
fonned  in  Ischia,  wiUun  the  historical  era.  It  is  composed  chiefly  of 
bduratcd  tufa  like  Monte  Nuovo,  stratified  conformably  to  its  conical 
sorfiice.  This  hill  was  once  very  relebrated  for  its  winesi,  and  is  still 
eo?emi  with  vineyards:  but  when  tii*'  vine  is  not  in  lc;Lf  it  ha^  a  sterile 
appeamnce,  and,  late  in  the  year,  when  aavw  from  the  beautiiul  Bay  of 
Baiae,  it  often  contrasts  so  strongly  in  verdure  with  Monte  Nuovo,  which 
is  always  clothed  with  arbutus,  myrtle,  and  other  wild  evergreens,  that 
a  stranger  might  well  imagme  the  cone  of  older  date  to  be  tbut  thrown 
op  in  the  sixteenth  century.* 

There  is  nothing,  indeed,  so  calcohited  to  inatniet  Jie  geologist  as 
Ik  itrildDg  manner  in  wbieh  the.  reeent  vdeanie  billi  el  Iiehia»  and 
Ihtt  now  under  eooBidemtkni,  Uend  with  (he  swnnuiding  landacape. 
loduDg  aeea»  wanting  or  redtmdant ;  every  part  of  the  pietnre  is  m 
aeh  petfeet  harmony  witli  the  lestr  that  the  whole  has  the  appearanee 
of  Mug  been  called  into  eiistenee  by  a  single  effiwt  of  craatrre  power. 
Tct  what  other  lesnlt  eonld  we  hare  anticipated  if  nature  has  ever  been 
geiemed  by  the  same  laws  ?  Each  new  mountain  thrown  up — each 
new  tract  of  land  rused  or  depressed  by  earthquakes — should  be  in 
perfect  accordance  with  those  previously  formed,  if  the  entire  confignra- 
tioD  of  the  surftu:e  has  been  due  to  a  long  series  of  similar  disturbances. 
Were  it  true  that  the  tyront^^r  part  of  the  dry  land  originated  simulta- 
neously in  its  present  state,  at  some  era  of  paroxysmal  convulsion,  and 
that  additions  were  afterwards  made  slowlv  and  successively  durintf  a 
period  of  comparative  repose  ;  then,  inde«  d,  there  might  be  rcjuson  U> 
eipect  a  strong  line  of  demarcauou  between  the  signs  of  the  ancient 
ami  modem  changes.  13  ut  the  very  continuity  of  the  plan,  and  the 
perfect  identity  of  the  causes,  are  to  many  a  source  of  deceptiun  ;  since 
by  producing  a  unity  of  effect,  they  lead  them  to  exaggerate  the  eneigy 
«Clhe  agents  which  operated  in  the  eailier  i^.  Is  the  ahaence  of  all 
Inrtoiwal  niformalion,  they  are  as  nnable  to  separate  the  dates  of  the 
«%itt  of  diffieieat  portions  of  our  eoatiaeiits^  as  the  stranger  is  to  deter- 
aia^  fay  their  physiesl  features  alone»  the  diatinet  ages  of  Ifoote  Nnovoi, 
Meale  Bari)ara»  Astront,  and  the  Solfiitam. 

The  vast  scale  and  violence  of  the  volcanic  operations  in  Campania, 
in  the  olden  Ume,  has  been  a  theafie  of  dedtanaation,  and  has  been  con- 
tnsted  with  tboi  comparative  atate  of  quiesocneeof  this  delightful  region 
is  the  modem  eta.  Instead  of  inferring,  from  analogy,  thai  the  ancient 
Temvins  was  always  at  rest  when  the  crateiB  of  the  Phkgmnn  Fields 

*  Haffiilton  (writing  in  1770)  aava,  "the  u«w  isountaia  produces  at  yet  but  a 
vcrj  Blender  Tegetation." — Caznf^  JPhlsgni^  n.  S9.  Tina  moailr  WSi  no  kngor 
VRitieable  wheo  I  saw  it,  in  UM. 
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were  burning — tiaat  eaeb  eoiie  nee  in  eneeeiBiaD, — and  tlint  mmy  jmn, 
and  often  eentmies,  of  repose  intervened  between  dtffeient  emptiomr' 
geologists  teem  to  bave  genemUj  oonjeotnied  tbat  tbe  wbole  group 
epmng  np  Irom  tbe  gronnd  at  onoe^  like  tbe  soldierB  of  GadTnins  wbcn 
be  sowed  tbe  dragon's  teetb.  As  well  migbt  tbey  endeavor  to  persnade 
US  that  on  these  PU^gnean  Fields,  as  the  poets  feigned,  the  ginis 
warred  with  Jove,  ere  yet  the  pony  nuie  of  mortals  were  in  being. 

Modem  eruptions  of  KftittviiM.— -For  nearly  a  century  after  the  Wrth 
of  Monte  Nuovo,  Vesuvius  continued  in  a  state  of  tranquillity.  There 
had  been  no  violent  eruption  for  49*2  years;  and  it  appears  that  the 
crat<  r  was  then  exactly  in  the  condition  of  the  prcs<'nt  extiiii  t  r*  I'^ino 
of  Astr'  nt,  near  Naples.  Bracini.  who  visited  Vesuvius  not  I  dhl:  b:i<>ri' 
tbe  eruption  of  103 1,  gives  the  following  interesting  description  ■  f  tht* 
interior: — "The  crater  was  five  miles  in  circumference,  and  about  n 
thousand  paces  deep  :  its  sides  were  covered  wiLh  brusrwood,  uad 
the  bottom  there  was  a  plain  on  which  cattle  grazed.  In  the  woody 
parts  wild  boars  frequently  harbored.  In  one  part  of  the  plain,  coiered 
wHb  ashes,  were  thiee  ssMdl  pools,  one  fiUed  wHb  bot  and  bitter  wafer, 
another  salter  tiian  tbe  sea,  and  a  tbird  bot»  bnt  tasteless.''*  Bat  at 
lengtb  these  forests  and  grassy  plaina  were  ednsmned,  being  suddealy 
blown  mto  tbe  air,  and  tbdr  ashes  scattered  to  tbe  winds.  In  Deeem** 
ber,  1631,  seven  stresms  el  lava  ponrsd  at  once  from  tbe  eiatsr,  aad 
overflowed  several  villages,  on  tbe  flanks  and  at  tbe  foot  of  the  noan- 
tain.  Resina,  partly  built  over  tbe  ancient  site  of  Herenbneani,  was 
oonsumed  by  the  fiery  torrent.  Great  floods  of  mud  were  as  destine* 
tive  as  the  lava  itself, — no  nncommoa  oeeonrence  during  these  eatA.stro- 
phes  ;  for  such  is  the  violence  of  nuns  produced  by  the  evolutiou  d 
aqueous  vnpnr.  that  torrents  of  water  df^cend  the  cone,  and  becoming 
charrrod  \\\{\\  impalpable  volcanic  dust,  and  roiling  along  loose  a^bes. 
aci^uire  suthcient  oonsistency  to  deserve  their  ordinary  appeUatioQ  o( 
*'  aqueous  lavas." 

A  brief  period  of  repose  ensued,  which  lasted  only  until  the  vcar 
1G66,  from  wliich  time  to  the  present  there  has  been  a  constant  seri<« 
of  eruptions,  with  ran  ly  an  interval  of  rest  exceeding  ten  years.  Dur- 
ing these  three  centuries,  no  irregular  volcanic  agency  has  convulsed 
other  pobta  in  this  district.  Brieslak  remarked,  tbat  such  imgalir 
convulsions  bad  oecnrred  in  tbe  Bay  of  Naplea  m  every  aeeond  eentiBy ; 
as,  for  example,  tbe  emptkm  of  the  8o]firtara»  in  tbe  twelfth ;  of  the  ^ 
lava  of  Ano,  in  Isebia,  in  tbe  fourteenth ;  and  of  Monte  Nuovo  in  the 
aiateentb ;  but  tbe  eigbteentb  baa  formed  an  exception  to  this  mH  ^ 
tbia  aeems  accounted  for  bj  tbe  unprecedented  number  of  eraptioas  o( 
Vesuvius  during  tbat  period;  wbereas»  when  tbe  new  vents  opeoed. 
there  had  always  been,  as  we  have  seen»  a  long  mtermittence  of  setinty 
in  the  principal  volcano. 

»  Hamilton's  Ounpi  FUegrn,  fidM^  vol.  i  p^  es ;  and  Briadal^  Osapniib  ^ 

.  |x  18a. 
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CHAPTER  XXIV. 

VOLCANIC  DISTRICT  OF  NAPLES  COnHtiUed. 

Dimensions  and  structure  of  the  eooe  of  Vesurios — Flnidttj  and  motion  of  lavi^ 
Dikes — Alluvinms  called  "aqtieoos  laras" — Origin  and  compositioTi  of  the 
matter  enveloping  Herculaneum  and  Pompeii — Condition  and  contenU  of  the 
bmiod  dtiaa  Small  wuabet  of  akdatoii»--Stat«  of  pfoaoryatioQ  of  animal  and 
T«geti]ile  anbstaaees  Belle  of  papjnia— Sta.bU»— Tcnro  del  Orooo— Oandttd- 
iog  remarks  on  the  Oampaaian  volcanoes. 

Strueture  of  the  cone  of  Vesuvius. — Between  the  end  of  the  eigh- 
teenth century  ;in(l  the  year  1822,  Lli«'  ofreat  crater  of  Vesuvius  had  been 
gradually  iilled  by  lava  boiling  up  iiom  below,  and  by  scoriaB  falling 
from  ihe  explosions  of  minor  mouths  which  were  formed  at  intenralton 
*  ill  InitlfMB  and  tides.  In  place  of  a  regular  eavity,  thenfore,  there 
was  a  tOQgh  and  rocky  plain,  covered  with  Uoeks  of  lava  and  acorisb 
and  cmt  by  numepoiiB  fissures,  from  whieh  cloadsof  vapor  wereerolved. 
fiat  thb  atete  of  things  was  totally  ohaoged  by  the  eruption  of  Goto- 
her,  1822,  when  vkleDt  eiploebns,  doting  the  spaoeof  man  than 
twenty  days,  broke  np  and 'threw  out  all  this  accumulated  mass,  80  as 
to  leave  an  immense  gulf  or  chasm,  of  nn  irregular,  but  aomewhat  ellip* 
tio^  abape,  about  three  miles  in  circumference  when  measured  along 
the  very  sinuous  and  irregular  line  of  its  extreme  margin,  but  somewhat 
less  than  three  quarters  of  a  mile  in  its  longest  diameter,  which  was  di- 
rected from  N.  E.  to  S.  W.*  The  depth  of  this  tremendous  abyss  has 
been  variously  estimated  ;  for  from  ilie  hour  of  its  formation  it  increased 
dauljby  the  dilapidation  of  its  sides.  It  measured,  at  first,  according 
to  the  account  of  some  authors,  two  thousand  feet  in  depth  from  the 
extreme  part  of  the  existing  summit  ;f  but  Mr.  Scrope,  when  he  saw  it, 
soon  after  the  eruption,  estimated  its  depth  ut  less  than  half  that 
amount.  More  than  eight  hundred  feet  of  the  oone  was  earned  away 
by  the  «zploBiona,  so  that  tho  monntab  was  vednoed  m  height  from 
about  4200  to  8400  feet.^ 

Aa  we  aseend  the  sloping  sides,  the  volcano  appears  a  mass  of  loose 
matin  lain — a  mere  heap  of  mhhish,  throws  togeUier  without  the  slight- 
est  esder ;  but  on  aniving  at  the  brim  of  the  crater,  and  obtaining  a 
view  of  the  interior,  we  are  agreeably  surprised  to  discover  that  tbe 
conformation  of  the  whole  displays  in  every  part  the  most  perfect  sym- 
metry and  arrangement.  The  materials  are  disposed  in  regular  strata, 
sl^Uy  undulating,  appearing,  when  viewed  in  front,  to  be  disposed  in 
horiaontal  planes^  Bu^  as  we  make  the  circuit  of  the  edge  of  the  era- 


•  Accf.unt  of  thf  Frupf ion  of  VesoviiM  ill  Ootober,  1828, by  O.P.Scrope^  Saq, 
Journ.  of  Scu  <ic.  voL  xv.  p.  11a. 
t  Mr.  Forbe%Aeeoanl  of  Mount  y«inviai^Edio.Jonni.of8cLKaxTi&filMi 
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ter,  and  observe  the  cliflb  by  wliicli  it  is  encircled  projecting  or  receding 
in  aaUent  or  retiring  angles,  we  behold  tFansrerae  sections  of  the  earrents 
of  lava  and  beds  of  sand  and  scorifp,  and  recognize  their  true  dip.  We 
then  dlscovor  that  they  incline^  outwards  from  the  axis  of  the  c*mf.  at 
applies  v;n  Villi;  from  30°  to  40"^.  The  whole  cone,  in  fact,  is  composed 
of  a  number  of  concentric  c  Kitinj^s  of  alternating  lavas,  sand,  and  sco- 
riae. Every  shower  of  ui>\ws,  wliich  has  fallen  from  above,  and  every 
stream  of  lava  descending  from  the  lips  of  the  crater,  have  conformed 
to  the  outward  surface  of  the  liill,  so  that  one  conical  envelope  may  be 
said  to  have  been  successively  folded  round  another,  until  the  aggrega- 
uon  of  the  whole  momitam  was  completed.  The  marked  separatioii 
into  distinct  beds  i«mllB  fiom  the  different  colon  and  degrees  of  comae- 
nsss  in  the  sands,  scorise,  and  lava,  and  the  altemation  of  these  with 
each  other.  '  The  greatest  difficulty,  on  the  first  yww,  is  to  coneeiTe 
how  so  much  regularity  can  be  produced,  notwitLstsnding  the  unequal 
distribution  of  aaiid  and  scori«,  driren  by  prevailiBg  irinds  in  particular 
eruptions,  and  the  small  breadth  of'  each  sheet  of  lava  as  it  iiESi  flows 
out  from  the  enter. 

But,  on  a  closer  examination,  we  find  that  the  appearance  of  extreme 
uniformity  is  delusive  ;  for  when  a  number  of  beds  thin  out  gradually, 
and  at  different  points,  the  eye  does  not  Without  difficulty  recognize 
the  termination  of  any  one  stratum,  but  usually  supposes  it  continuous 
with  some  other,  which  at  a  short  distance  mny  lie  precisely  in  the 
snmo  plane.  The  slight  undulations,  moreover,  produced  by  incquali- 
tios  (la  the  sides  of  the  hill  on  wliich  the  successive  layers  were 
moulded,  assist  the  deception.  As  c  uiniless  beds  of  sand  and  ^con^e 
constitute  the  greater  part  of  the  wliule  mass,  these  may  sometimes 
mantle  continuously  round  the  whole  cone  ;  and  cvcu  l.iva  blreanis  max 
be  of  considerable  breadtli  when  first  they  overflow,  and  since,  in  some 
eruptions,  a  considerable  part  of  the  upper  portion  of  the  cooe  breaks 
down  at  once,  may  form  a  sheet  extending  as  faur  as  the  space  whkfa 
the  eye  usually  takes  in,  in  a  single  section. 

The  high  inclinatiou  of  some  of  the  beds,  snd  the  linn  union  of  the 
particles  even  where  there  is  evidently  no  cement,  is  another  striking 
feature  in  the  volcanic  tuflEs  and  breedas,  which  seems  at  first  noi  veiy 
easy  of  explanation.  But  the  last  great  eruption  afforded  ampb  fflus- 
tration  of  the  manner  in  which  these  strata  are  formed.  Fragments  ol 
lava,  scoriae,  pumice,  and  sand,  when  they  fall  at  slight  distances  from  the 
summit,  are  only  lialf  cooled  down  from  a  state  of  fusion,  and  are  after- 
wards acted  upon  by  the  heat  from  within,  and  by  fumcroles  or  small 
creviro?  in  the  cone  through  which  hot  vapors  are  disengaged.  Thus 
heated,  ilio  ejected  fragments  cohere  together  strongly;  and  the  whole 
mass  ncquiri^  such  consistency  in  a  few  days,  that  fragments  canrmt  }h> 
detached  without  a  smart  blow  of  the  hammer.  At  the  same  time  sand 
«iud  scorise,  ejected  to  a  greater  distance,  remain  incoherent.* 

*  MoDticeUi  and  CoveUi,  Storia  di  Fenon.  del  Vesuv.  en  1 821 -St. 
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Sr  William  Hamilton,  in  his  description  of  the  eruptioa  of  1779, 
iijs  that  jets  of  liquid  lava,  mixed  with  stones  and  scoriss,  wore  thrown 
op  to  the  heinrht  of  at  least  ten  thousand  feet,  having  the  appearance  of 
a  column  of  fire.*  Some  of  these  were  directed  by  the  winds  towards 
Ottajano,  and  some  of  them  fallinnf  almost  pcrpenrficularly,  still  red-hot 
and  liquid,  on  Vesuvius,  covered  its  wboln  cone,  p:ii  t  of  the  mountain 
of  Somma,  and  the  valley  between  them.  Tiie  fallitrj  matter  being 
nearly  as  vividly  inflamed  as  that  which  was  continually  l^sumg  fresh 
from  the  crater,  formed  with  it  one  complete  body  of  fire,  which  could 
not  be  less  than  two  miles  and  a  half  in  breadth,  and  of  the  extraorfli- 
nar)'  height  above  mentioaed,  casting  a  heal  to  the  distance  of  at  least 
dx  miles  round  it.  Dr.  Clarke,  also,  in  his  account  of  the  eruption  of 
1703,  sajB  tliat  milUoas  of  red-hot  atoiMS  were  abet  mto  the  air  full 
hilf  tbe  height  of  the  cone  itself,  and  then  hending,  fell  all  round  in  a 
fiManh.  On  another  oocaaion  he  says  that»  as  they  fell,  they  eovered 
weily  half  the  oone  with  fire. 

The  lame  author  has  also  desoribed  the  different  appeamnoe  of  the 
kn  St  its  sonree*  and  at  some  distance  from  it»  when  it  had  desoended 
into  the  plains  below.  At  the  point  where  it  issued,  in  1798»  from  an 
arched  chasm  in  the  side  of  the  mountain,  the  vivid  torrent  rushed 
vith  tbe  velocity  of  a  flood.  It  was  in  perfect  fusion,  unattended  with 
any  Bcoria;  on  its  surface,  or  any  gross  materials  not  in  a  state  of  com- 
plete solution.  It  flowed  with  the  translucency  of  honey,  "in  req;iilar 
channels,  cut  finer  than  art  ran  imitate,  and  glowing  with  all  the  splen- 
dor of  the  sun." — "  Sir  William  Hamilton/*  he  continues,  "had  con- 
ceived that  no  stone«  thrown  upon  a  current  of  lava  would  make  any 
impressbn.  I  was  soon  convinced  of  the  contrary.  Light  bodi(^, 
indeed,  of  five,  ten,  and  fifteen  pounds'  weigfht,  made  little  or  no  im- 
pression even  at  the  source  ;  but  bodies  of  sixty,  seventy,  and  eighty 
pounds  were  seen  to  form  a  kind  of  bed  on  the  surface  of  the  lava,  and 
float  away  with  it.  A  stone  of  three  hundred  weight,  that  had  been 
Uuown  oat  by  the  erater,  lay  near  the  source  of  the  onrrent  of  lava:  I 
rated  it  npon  one  end,  and  then  let  it  fall  in  npon  the  liquid  lava ; 
when  it  gradually  snnk  beneath  the  snrfieuse,  and  disappeared.  If  I 
vidMd  to  deseiibe  the  manner  in  which  it  aeted  npon  the  lava,  I  should 
ay  ihst  it  was  like  a  loaf  of  bread  thvown  into  a  howl  of  veiy  thksk 
boiey,  which  grradoally  igvolves  itself  in  the  heatvy  liquid,  and  then 
ttowly  sinks  to  the  bottom. 

*'  The  lava,  at  a  small  distance  from  its  somrae,  acqurss  a  darker  tint 
a|Kni  fts  surface,  is  less  easily  acted  upon,  and,  as  the  str^m  widens, 
the  surface,  having  lost  its  state  of  perfect  solution,  grows  harder  and 
harder,  and  cracks  into  innumerable  fmcfmpnts  of  verv  pornn<^  mnfter, 
to  which  they  give  the  name  of  scoria?,  and  the  ap|)(  :irance  i  if  which 
has  led  vnnny  to  suppose  that  it  proceeded  thus  frrmi  the  nionntiiin. 
Ihcre  is,  however,  no  truth  in  this.    All  lava,  at  its  first  exit  from  its 
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natrre  toIovuv  tl<Hrs  out  ia  a  liquid  atate,  and  all  eqoaUy  m  f anm. 
The  appearance  of  the  aeom  ia  to  he  attributed  only  to  the  action  of 
the  external  air,  and  not  to  any  diflbrance  in  the  materials  which  coo- 
paw  it,  since  any  lava  whatever,  separated  from  its  channel,  and  ex- 
posed to  the  action  of  the  external  air»  immediatdly  cracks,  beoomet 
porous,  and  altera  its  form.   As  we  proceeded  downwards,  this  became 
more  and  more  evident ;  and  the  same  lava  which  nt  its  on'f^innl  source 
flowed  in  perfect  solution,  undivided,  ar.d  free  from  iiicumbranres  of 
any  kind,  a  little  farther  down  had  its  surface  lu;idrfl  >viLh  Bconm  in 
such  a  manner,  that,  upon  its  arrival  at  the  l  ottom  of  the  mountain, 
the  whole  current  resembled  nothing  so  much  as  a  heap  of  unconnected 
cinders  from  an  n  un  fuimdry.*'    In  another  place  he  says  that  "  the  rivers 
of  lava  in  the  plain  resembled  a  vast  heap  of  cinders,  or  the  sconce  oi 
an  inm-foundry*  rolling  abwly  abng,  and  £idling  with  a  rattling  noise 
over  one  another.'**-  Yon  Biieh»  who  waa  in  eonipany  with  MM.  do 
Hnmholdt  and  Gay-Loaaae,  deaeribea  the  lava  of  1805  (the  moat  fluid 
on  record)  aa  ahooting  auddenly  hefore  their  eyes  from  top  to  bottom 
of  the  cone  in  one  sbgle  instant.  Profeiaor  J.  B.  Forbes  remaiks  that 
the  length  of  the  alope  of  tbe  eooe  proper  being  about  1800  feet»  this 
motion  must  oorrespond  to  a  velocity  of  many  hundred  feet  in  a  few 
seoondsy  without  interpreting  Yon  Buch's  expression  UteraUy.  The 
aame  lava,  when  it  rcach^  the  letrel  rtKid  at  Torre  del  Greco,  moved  at 
the  rate  of  only  eighteen  inches  per  minute,  or  three-tenths  of  an  inch 
per  second. f    "  Although  common  lava,'*  observes  Professor  Forbes. 
"  is  nrnrlv  :\y  liquid  as  melted  iron,  when  it  issues  from  the  orifice  of  tbe 
crater,  its  fluu'it\'  rapidly  diminishes,  nnd  as  it  becornr-,  more  and  more 
burdened  by  tin-  consolidated  slag  tlirougli  which  it  has  to  force  lis 
way,  its  velocity  of  motion  diminishes  in  an  almost  inconceivable  des^e: 
and  at  length,  when  it  ceases  to  present  the  slightest  external  tniee  of 
fliudity,  its  movement  cnn  only  be  ascertained  by  careful  and  repeated 
observations,  just  as  in  the  case  of  a  glacier."| 

It  appears  that  the  intensity  of  the  light  and  heat  of  the  Uva  varies 
eonaidaably  at  diffisrent  peiioda  of  the  aame  eruption,  as  in  that  of 
YesuTius  in  1810  and  1820,  when  Sir  H.  Davy  remaiked  difimt 
degrees  of  vividness  in  the  while  heat  at  the  point  where  the  bvs 
originated.} 

When  the  expreaaons  flame"  and  "smoke"  are  used  in  demribiog 
volcanic  appeanmces,  they  must  generally  be  understood  in  a  fljgnillife 
sense.  We  are  informed,  indeed,  by  M.  Abicb,  that  he  dbtinctly  saw, 
in  the  eruption  of  Vesuvius  in  1834,  the  flame  of  boming  bydrogco;| 
but  what  is  usually  mistaken  for  6ame  consists  of  vapor  or  seoriie,  and 
impalpable  dust  illuminated  by  that  vivid  light  which  is  emitted  irm 
the  crater  below,  where  the  lava  is  said  to  glow  with  the  splendor  ai 

•  Otter's  life  o£  Dr.  Clarke.  f  Phil  Tnm.  Ib4b.  p.  1^4 

t  Ibid,  pk  148.  §  Ibid  p  241. 
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the  ton.  The  cknidf  of  appaieol  mokie  am  formod  eitiwr  of  aqiMow 
nd  otlier  ^por,  or  of  findy  conmuDntod  MOfw. 

Dflbf  tn  ikf  reomf  ctmt,  how  formed, — The  nieliiMd  stitia  bdbro 
mentioned  whiob  dip  outwards  in  all  directions  from  the  ana  of  the 
eone  of  Yesuvioi,  an  inteiBected  by  veins  or  dikes  of  compaot  lava,  for 
the  moat  part  in  a  Terlieal  poeitaon.  In  1828  these  were  seen  to  be 
about  seven  in  number,  some  of  them  not  less  than  four  or  five  hundred 
feet  in  height,  and  thinning-  out  before  they  readied  tVie  uppermost  part 
of  the  cone.  Bcincr  harder  than  the  beds  throui^^Ii  >vliich  they  pass, 
thev  have  drroniprispd  less  rnpidly,  and  therefore  stand  out  in  relief. 
When  I  vi-iltd  Vesuvius,  in  !Novemb(  r,  1828,  I  was  preveoted  from 
dosoending  into  the  crater  by  the  constant-  ejections  then  thrown  out ; 
so  that  I  cot  sicrht  of  three  only  of  the  dikes  ';  but  Signor  Munlictlli  h.ui 
previously  had  drawings  made  of  the  whole,  which  he  showed  mc.  The 
dikes  which  I  saw  were  on  that  side  of  the  cone  which  is  encircled  by 
Somma.  Hie  enqitkm  More  mentioned,  of  18S8,  began  in  Mareh,  and 
in  the  Norember  following  the  ejected  matter  had  fiUed  up  nearly  one- 
third  of  the  deep  abyss  fonned  at  the  eloee  of  the  eruption  of  1822.  In 
Nofember  I  Ibnnd  a  single  black  cone  at  the  bottom  of  the  crater  con- 
tinoaUy  tlHOwiag-  out  aeorie»  while  on  the  exterior  of  the  cone  I  ob> 
lerved  the  lava  of  1822,  which  had  flowed  out  six  yean  before,  not  yet 
cool,  and  still  evolving  mnch  heat  and  yapor  from  crrvices. 

Hoffmann,  in  1882,  saw  on  the  north  side  of  Vesavins,  near  the 
peak  called  Palo,  a  great  many  parallel  bands  of  lava,  some  from  six  to 
.  right  feet  thick,  alternating  with  scoricc  and  conglomerate.  These  beds, 
he  says,  were  cut  through  by  many  dikes,  some  of  them  five  fert  broad. 
They  rf'semble  those  of  Somma,  the  stone  being  composed  of  grains  ot 
leucit*^  and  augite.* 

Tlji-re  can  be  no  doubt  that  the  dikes  above  mentioned  have  been 
produced  by  the  fiUing  up  of  open  fissures  with  liquid  lava  ;  but  of  the 
date  of  their  formation  we  know  iiuLluog  farther  ilian  that  they  arc  all 
subsequent  to  the  year  <y,  and,  relatively  speaking,  that  they  are  more 
modern  than  all  the  lavas  and  scoriae  which  they  intersect.  A  comid- 
erable  nmnber  of  the  upper  strata  are  not  traverMd  by  them,  Tliat  the 
sarthqnakea,  which  ahnost  inTariably  precede  eruptions,  oeession  rents 
m  the  mass,  is  well  known ;  and,  in  1822,  three  months  befcro  the  hva 
flowed  ont,  open  flasnres,  evolving  hoi  vapois,  were  nmnenms.  It  is 
dear  that  soch  rents  must  be  ejected  with  melted  matter  when  the  wk- 
unm  of  lava  riees,  so  that  the  origin  of  the  dikes  is  easily  explained,  aa 
sbo  the  great  solidity  and  cystalline  nature  of  the  rock  composing  them, 
wlueh  has  been  fomied  by  lava  cooling  dowly  under  great  presstire. 

It  has  been  sug^gested  that  the  frequent  rending  of  volcanic  cones 
during  emptioos  may  be  connected  with  the  grsdaal  and  succe^ve 
upheaval  of  the  whole  mass  in  such  a  manner  as  to  increase  Ih**  inrli- 
oation  of  the  beds  composing  the  cone ;  and  in  accordance  with  the 


•  Ge^pmt.  Bsobschtnn^  4e,  p.  18S.  Bsriia,  18S». 
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hypotbeaiB  befora  piopoaed  for  Uw  origm  of  Honte  Niio?o»  Yon  BnoL 
mippoaes  that  the  present  cone  of  Yenivnui  was  fonned  m  the  year  19, 
not  by  eruption,  bat  by  upheaval.  It  wai  net  produced  by  the  re- 
peated  superposition  of  scorise  and  lava  cast  out  or  flowing  from  a  cen* 
tral  source,  but  by  the  uphfting  of  stntta  previously  horizontal.  The 
entire  cone  rose  at  once,  such  as  we  now  see  it,  from  the  interior  and 
middle  of  Sorama,  and  has  since  re  reived  no  accession  of  height^  but*  oe 
the  contrary,  htis  ever  since  been  diminishing  in  elf  ration.  =^ 

i\ltliougli  I  consider  this  hypothesis  of  Von  T?u<  h  to  be  quite  untena- 
ble,  I  may  mention  some  facts  which  may  at  first  sight  seem  to  favor  it. 
These  are  recoi-ded  by  M.  Aln  ii  in  his  account  of  the  Vesuvian  erup- 
tions of  1833  and  1834,  a  work  illustrated  by  excellent  engravings  of 
the  volcanic  phenomena  which  he  witi\essed.f  It  iypcars  that,  in  the 
year  ldS4,  the  great  crater  of  Vesuvius  had  been  fiUsd  up  nearly  to  the 
top  with  lava,  which  bed  eonsoUdeted  end  fomed  e  kfel  end  unbnlKn 
plau,  except  that  a  small  cone  thrown  up  by  the  ejection  of  scofun  me 
in  the  middle  of  it  like  an  island  in  a  lake.  At  lei^fth  this  plain  of  Uva 
was  broken  by  a  fissure  which  passed  from  N.  B.  to  S.  W.,  and  tkng 
this  luie  a  great  number  of  jainute  cones  emitting  Taper  were  formed. 
The  fiist  act  of  formation  of  these  mmor  cooes  is  said  to  hare  consisksd 
af  a  partial  upheaval  of  beds  of  lava  pterbusly  horizontal,  and  which 
had  been  rendered  flexible  by  the  heat  and  tension  of  elastic  fluid8» 
which,  rising  from  below,  escaped  from  the  centre  of  each  new  monti- 
cule. Tlierc  would  be  considerable  analogy  between  this  mode  of  on* 
gia  and  that  ascribed  by  Von  Buch  to  Vesuvius  and  ?^omma,  if  the 
dimensions  of  the  upraised  masses  were  not  on  so  different  a  scale,  and 
if  it  was  safe  to  reason  from  the  inflation  of  bladders  of  \ialf-fuscd  lava, 
from  fifteen  to  twenty-five  feet  in  height,  to  mountains  aiUiining  an  alti- 
tude of  several  thousand  fi  et,  and  having  their  component  strata  streogth* 
ened  by  intersecting  dike^  of  solid  lava. 

At  the  same  time  M.  Abich  mentions,  that  when,  in  August,  1884, 
a  great  subsidence  took  phu:e  in  the  platform  of  lava  witUn  the  grsot 
crater,  so  that  the  straotore  of  the  central  cone  was  laid  open,  it  was 
seen  to  hare  been  evidently  formed,  not  hy  upheaval,  but  by  the  ftlt 
of  chideEs  and  seorim  which  had  been  thrown  out  during  suooeiafe 
eruptions.^ 

Previous  to  the  year  90,  VesnvSus  appears,  from  tiie  description  of 
its  figure  given  by  Strabo^  to  have  been  a  tnuicated  cone,  having  a  ierd 
and  even  outline  as  seen  from  a  distance.  That  it  had  a  cmter  on  its 
summit,  we  may  infer  fnm  a  passage  in  Plutarch,  on  which  Dr.  Dsu- 
beny  has  judimously  commented  in  hb  treatise  on  volcanoes.  §  The  walls 
of  the  crater  were  evidently  entire,  except  on  one  side,  where  tht  i-e  was 
A  sil^le  narrow  breaoii.   When  Spartaeus,  in  the  year  1 2,  encamped  his 

•  VoQ  Boeh^  Deaerip.  Phy&  des  lies  CAnaries,  p.  842.  Parit,  ^ 
f  Vtias  must  de  pfiteom.  G^Obierv.  sor  le  Yteve  et  rEtna.  Mia  laiT 

i  Ibid.  p.  2. 

§  2d  edit  1648,  210. 
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gladJafom  in  this  hoUow,  Clodius>  the  praetor,  besieged  him  there,  keep- 
wg  (he  aingte  oittlei  cuefully  guardedt  and  Ihmi  let  down  hie  MMitn 
hy  soafing^kdden  over  the  steep  precipices  whioh  sunmuided  (he  cm* 
(er»  a(  (he  bottom  of  whieh  the  insuigents  were  encamped.  On  the 
tide  (owaids  (he  sea,  the  walls  of  this  original  etmty,  which  must  have 
heen  thiee  milea  hi  di9nieier»  have  been  destroyed,  and  BriesIiUE  was  the 
tint  to  annonaee  the  opioion^thai  this  destmctioD  happened  dvring  ,the 
tieBDendous  eroption  which  occurred  in  79,  when  the  new  cone,  now 
called  Yesuvios,  was  thrown  up,  which  stan  ds  ondrded  on  three  aides 
by  thf^  ruins  of  the  ancient  cone,  called  Monte  Somma. 

In  the  annexed  diagram  (fi^.  45)  it  will  be  seen  that  on  the  side  of 
Vesaviiis  oppot^ite  to  that  where  a  portion  of  the  ancient  cone  of  Somma 
(•)  still  remains,  is  a  projectioa  (fi)  called  the  Pedameotiua,  which  some 


Fl«.4lk 


i'.':   8«n(Med«eeliiw<rfV«MiTtiisaiidaoniB& 

«,  lioiito  SofBina,  or  tho  romalns  of  th«  andeot  com  of  V«sttTtu. 

5,  Tbo  Pedamentin*,  a  terraee-Uke  projection,  encircling  tbo  htm  of  tbo  r«oeot  oono  Of  Vmb 
Vioi  on  tha  Bontb  side. 
C  Atrio  del  CavaJlo.* 

d,     Crater  hPi  hy  eruption  of 

X  isuiall  cwiie  thrown  up  in  ISS^  at  iliu  bottom  of  ilio  groat  crater. 
ff,  Q,  Dikes  intersecting  Somma. 

A,  k,  DUlm  iAteneoUog  tbo  re€«ot  oono  of  VesaYina,  § 

haTe  supposed  to  he  part  of  the  circumference  of  the  ancient  enter 
broken  down  towards  the  ^ea»  and  over  the  edge  of  which  the  lavas  of 
the  modem  Yesavins  have  poured ;  the  axis  of  the  present  cone  of  Ye« 
savins  hang,  according  to  Visconti,  precisely  equidistant  from  the* 
escarpment  of  Somma  and  the  Pedamentina, 

In  the  same  diagram  I  have  represented  the  slanting  beds  of  the  cone 
of  Vesuvius  as  becoming  horizontal  in  the  Atrio  del  Cavallo  (at  c), 
wbore  the  base  of  the  new  cone  meets  the  precipitous  escarpment  o( 
h  jinraa;  for  when  the  lava  flows  down  to  this  point,  as  happened  in 
1  -'2,  its  descending  course  is  arrested,  and  it  then  runs  in  another 
direction  along  this  small  valley,  circling  round  the  base  of  the  cone. 
Band  and  scoriap,  also,  blown  by  tlie  winds,  collect  at  the  base  of  the 
cone,  and  a*-e  then  swept  away  by  torrents  ;  so  that  there  is  always 
here  a  flattisU  plmn,  as  represented.    In  the  same  manner,  the  small 

*  So  cjillcil  from  traTellers  leaving  tbdr  hoiSSS  and  midst  fbeitt  when  tilSJ 
Qrep«r«  to  Mceod  th«  oooe  oo  foot. 
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mtwior  cone  (/)  mvat  be  oompoeed  of  klopiog  beds,  termiosCiii^  m  « 
horuKmtal  plain ;  {m,  while  Ihis  montieule  was  gradually  gaining  height 
by  BnooesriTe  ejeetiona  of  lava  and  sooriflB,  ui  1888,  it  was  always  sor* 
loonded  by  a  flat  pool  of  semi-flnid  lava,  into  which  eeorias  and  isad 
were  thrown. 

In  the  steep  simioircalar  escarpment  of  Sonuna»  which  faces  the 
modem  Vesuvius,  we  see  a  great  number  of  sheets  of  lava  ioelined  at 
an  angle  of  about  26**.  They  alternate  wiUi  mcrm,  and  are  intersected 
by  numerous  dikes,  which,  like  the  sheets  of  lava,  are  composed  chiefly 

of  aiigite,  with  crTJ?tals  of  leucite,  but  the  rock  in  the  dikes  is  more 
compact,  having  coolrd  and  consolidated  under  ^Tcater  pressure.  Some 
of  the  dikes  cut  through  and  shift  others,  so  that  thnv  have  evidently 
been  formed  during  successive  eruptions.  While  the  higher  region  of 
Somma  is  made  up  of  these  igneous  pr  utiuets,  there  appear  on  its  tlanks, 
for  some  depth  from  the  surface,  as  seen  in  a  ravine  called  the  *'  Fossa 
Grande,"  beds  of  white  pumiceoub  tutf,  resembling  the  tuff  which,  at 
Pausilippo,  and  other  places,  near  Naples,  contain  shells  of  living 
Meditciranean  species.  It  is  supposed  by  Pilla,  Von  Buch»  and  others, 
that  the  tnfaceous  beds,  which  rise  in  Somma  to  more  than  half  the 
height  of  that  mountam,  are,  in  like  manner*  of  submarine  origin,  be* 
caose  a  few  sea-shdls  have  been  found  m  them,  here  and  there,  to- 
gether with  serpultt  of  recent  species  attached  to  mcluded  blochs  of 
limestone,* 

It  is  contended,  therefore,  that  as  these  strata  were  once  accumulated 
beneath  the  sea,  they  may  have  been  aubjected  as  they  rose  to  such  an 
upward  movement  as  may  have  given  rise  to  a  conical  hill ;  and  this 
hypothesis,  it  is  said,  acquires  confirmation  from  the  fact,  that  the  sheets 
of  lava  near  the  summit  of  Somma  are  so  compact  and  crystalline,  and 
of  such  breadth  individually,  as  would  not  have  iK^'cn  the  case  had  they 
run  down  n  stefp  slope.  They  must,  therefore,  have  consolidated  on  a 
nearly  level  suri  ic9,  and  have  been  subsequently  uplifted  into  their  pres- 
ent inclined  position. 

Unfortunately  there  are  n«»  bccliuns  of  sutlicient  depth  and  continuity 
on  the  flanks  of  Somma,  to  reveal  to  us  clearly  the  relations  of  the 
lava,  scori!e,  and  associated  dikes,  h.uiaing  the  highest  part  of  the 
mountain,  nith  the  marine  tutfs  obscrv«s.i  on  its  declivity.  Both 
may,  perhaps,  have  been  produced  contemporaneously  when  Somma 
raised  its  h«ul,  like  Stromboli,  above  (he  sea*  its  sides  and  baae  being 
then  aubmerged.  Such  a  state  of  things  may  be  indicated  by  a  fact 
noticed  by  Yon  Buch,  namely,  that  the  pumiceooa  beds  of  Naples, 
when  they  approach  Somma,  contam  frsgmento  of  the  peeuliar  leocllie 
lava  proper  to  that  mountain,  which  are  not  found  in  the  same  tuff  at  a 
greater  dbtancct  Portions,  therefore,  of  this  lava  were  either  throwt 

« 

*  DulMooy,  Htfin.  pour  servir  a  noe  Deiorip*  CMoL  de  la  Aaaot^  tos^  if 

p.  294. 

\  Deacrip  J'hyi,  dea  Ilea  Canaries,  p  8M. 
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mt  hy  eiplosbns,  or  lom  off  by  the  waves,  during  tlie  depotiton  of  the 
pniieeouf  itnta  beneiih  the  sea. 

We  Itm  m  yet  bnt  a  Manty  acqnamtanoe  with  the  Uws  which  ng- 
diletlieflowof  hiTa  beneath  water»  or  the  anangemwit  of  toonm  and 
nileino  doit  on  the  aides  of  a  sobmarine  cone.  There  csn,  howereTt 
ht  littls  doubt  that  showers  of  ejeoted  matter  may  settle  on  a  steep 
ftbpe,  and  may  include  shells  and  the  nmsins  of  aquatic  animalsy  which 
flosrah  in  the  intervsis  between  eruptions.   Lava  wider  the  pressure  of 
wster  would  be  less  porous ;  but,  as  Dr.  Daubeny  suggests,  it  may 
retain  its  fluidity  longer  than  in  the  open  air  ;  for  the  rapidity  with 
which  heated  bodies  are  cooled  by  being  plunged  into  water  arises 
chiefly  from  the  conversion  of  the  lower  portions  of  water  into  steam, 
which  steam  absorbing  much  heat,  immediately  ascends,  and  is  recon- 
rerted  into  water.    But  under  the  pressure  of  a  deep  ocean,  the  heat 
of  the  lava  would  be  carried  off  more  slowly,  and  only  by  the  circula- 
tion of  a>c«'nding  and  descending  currents  of  water,  tliusc  portions  near- 
ot  the  source  of  heat  becoming  specifically  light,  and  consequently  dis- 
placing tbe  water  above.    Thk  huid  of  dranlatioii  would  take  plaee 
villi  mueh  less  rapidity  than  in  the  atmosphere^  inasmuch  as  the  ez- 
fUDdon  of  water  by  equal  increments  of  heat  is  lees  considerable  than 
Ibtofsir.* 

We  learn  from  the  Taloable  observations  made  by  Mr.  Dana  on  the 

active  volcanoes  of  the  Sandwich  Islande,  that  huge  sheets  oif  compact 

bisaltic  lava  have  been  poured  out  of  craters  at  the  top  or  near  the  sum- 
mits of  flattened  domes  higher  than  Etna,  as  in  the  case  of  Mount  Loa 
for  example  where  a  cofMOua  strsam  two  miles  broad  and  twenty-five 
miles  long  proceeded  from  an  openmg  13,000  feet  above  the  level  of  the 
MS.   The  usual  slope  of  these  sheets  of  lava  is  between  5°  and  10°; 
but  Mr.  Dana  convinced  himself  that,  owing  to  the  suddenness  with  which 
they  cool  in  the  air,  some  lavas  may  occasionally  form  on  slopes  equalling 
25',  and  still  pn  servc  a  considerable  compactness  of  texture.    It  is  even 
proved,  he  says,  from  what  he  saw  in  the  great  lateral  crater  of  Kilauea, 
00  the  flanks  of  Mount  Loa,  that  a  mass  of  such  melted  rock  may  con- 
solidate at  an  inclination  of  30^,  and  be  continuous  for  300  or  400  feet. 
Such  masses  are  narrow,  he  admits,  "  but  if  the  source  had  been  more 
ffumm,  they  would  have  had  a  greater  breadth,  and  by  a  succesuoa 
<f  efseHona  overspreading  each  cooled  layer,  a  ooosidemble  tbiokness 
have  been  atlamed."t  author  haa  also  shown,  as  be- 

itMuentaooed,  that  in  the  "  dnder  oonea"  of  the  Sandwich  Islande,  the 
ibila  have  an  original  inclination  of  between  8ft*  and  40^{ 

Hr.  fiaope,  writing  m  1827,  attributed  the  formation  of  a  voleanic 
sona  chiefly  to  matter  ejected  from  a  central  orifice,  but  partly  to  the 
flf  lava  into  dik«i»  and  to  that  force  of  gaseous  eipansiott,  the 


^  See  Daubeny  •  Volcanoes,  p.  400. 

^  OeoL  of  American  ELxplor.  Ezped.  p.  859,  note.  Mr.  Dana  infomMd  ms 
(8«pt.  tiMLlkat  an  aa^^  of  00*  ioitead  of  80*,  was  given  by  mistake  ia  his 
nA:  %  Ihid.  p.  »U. 
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intensity  of  which,  in  the  oenCiiI  ptrto  oC  die  oone,  is  attested  by  local 

eartliqu  ikes,  which  so  often  accompany  eruptions.*  U  is  the  opinion 
of  .iUL  Von  finch*  De  BaaumoBt,  and  Dufr6noy,  thai  Ike  sheeU  ol 
lava  on  Somma  are  so  uniform  and  compact,  that  their  original  inclina- 
tion did  not  c»xceed  four  or  firo  dcsrreo^,  nnd  that  four-fifths,  therefore, 
of  their  present  slope  is  duo  to  their  h;i\infT  been  subsequently  tihed 
and  upraised.  Notwith55tanding  the  h^i^'^lit  tin  own  by  M.  de  Beauiiioiu 
on  the  laws  regulating  the  flow  and  cousohdation  of  lava,  I  do  not  con- 
ceive that  these  laws  are  as  yet  sufficiently  determined  to  wan  ant  us  in 
assigning  so  much  of  the  inclined  pusiiion  of  the  beds  of  Somma  to  the 
subsequent  rending  and  dislocation  of  the  cone.  Even  if  this  were  ad- 
mitted,  il  is  for  more  in  harmony  with  the  usual  mode  of  developaMnft 
oC  Toleamc  fbreea  to  suppose  tbe  nofament  winch  modiSed  Iho  ibi^  ot 
the  cone  to  have  been  mtennitlent  and  gradual,  and  not  to  havo  oon- 
aistad  o£a  nnglo  eftnty  or  one  indden  and  violent  oonvnlaion.t 

Vmatkui  /iMu.— The  lavas  of  Somnia  are  eharaeteriaed  by  eontain* 
mg  diaminated  cryMB  of  lencite  (called,  by  the  French,  ampbigdne), 
a  minetal  said  to  be  veiy  rare  io  the  modem  lavas  of  VcsuvittB,  vrhidi 
are  in  geneial  nnM^  more  seoriaaeous  and  less  eiystalline  than  those  of 
Somran.J 

At  the  forti-ess  near  Torre  del  Greco  a  section  is  exposed,  fifteen  feet 
in  height,  of  a  current  which  ran  into  the  sea;  and  it  evinces,  esp»'cially 
in  the  lower  part,  a  d("cidr'd  tendency  to  divide  into  rude  columns.  A 
still  more  striking  example  may  be  se r  n  to  the  west  of  Torre  del  An- 
nunziata,  near  Forte  Scassato,  where  iht  mass  is  laid  open  to  the  depth 
of  twenty  feet.  In  both  these  cases,  however,  the  rock  may  rather  be 
said  to  be  divided  into  numerous  perpendicular  fissures,  than  to  be  pris- 
matic, although  the  same  picLuieA»^ue  ctiecl  is  produced,  in  the  lava- 
cunrents  of  Central  France  (those  of  the  Yivarais,  in  particular),  the 
nppennost  portion,  often  forty  feet  or  more  in  thieknass,  is  an  aaorphons 
mass  passing  downwards  into  lava  irregularly  prismatb ;  and  nnder  this 
there  is  a  foundation  of  regular  and  vertical  eohunas ;  but  these  lavas 
are  often  one  hundred  feet  or  more  in  thickness.  We  can  scarcdy  ei- 
peot  tD  discover  the  same  phenomenon  in  the  shallow  currents  of  Yesth 
vius,  where  the  lowest  part  has  cooled  more  rapidly,  althongb  it  may 
be  looked  for  in  modem  streama  in  Iceland,  which  e»ieed  even  those  of 
ancient  France  in  volume. 

Mr.  Scrope  mentions  that,  in  the  cUflOs  encircling  the  modem  crater 
of  Vesuvius,  lie  snw  oiany  currents  offering  a  columnar  division,  and  some 
almost  as  n  -ulai  lv  prismatic  as  any  ranges  of  the  older  basalts  ;  and 
he  adds,  tliat  m  some  the  spheroidal  concretionary  structure,  on  a  lai^ 
scale,  was  equally  coospicuotts.g   Brieslak]  also  informs  us  that,  in  the 

♦  GeoL  Trsoa.  2d  series,  vol  il  p.  841. 

f  See  a  paper  by  the  Author  on  **  Onters  of  DeoudatuH^"  Qqart*  Jooni.  Q*A 

Soc  1850. 

^  Dufr^noy,  M^m.  pour  servir,  Ac  ton.  iv,  p.  S6(. 

Joumal  of  Sciwuco,  vol  \v  p  177. 
I  Voy.  dans  la  Compomw,  tuiue  i.  p.  201. 
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aBnoiis  Im  of         which  GOataiM  sngite*  leucitt^  snd  crystab  d 
ffli^pB;  he  foond  rery  regular  pnama  m  a  quanyneiir  Ime  del  Gfeoo; 
aft  ohMralioa  confinDed  by  modem  anthoritieB.* 
Mj/keiM  iif  dtcompotUion,  dn  Umn. — The  deoompoaitioii  of  aome  of  the 

fclBpalhic  lavas,  either  by  simple  weatheru)g»  or  1^  gaseous  emanationa, 
eoDverts  them  from  a  bard  to  a  eoffe  clayey  state,  so  that  they  no  longer 
felam  the  smallest  resemblance  to  rocks  cooled  down  from  a  state  of 
fusiou.  The  exhalations  of  sulphuretted  hydn^en  and  muriatic  acid» 
which  are  disengaged  continually  from  the  Solfatara,  also  produce  cunoits 
changes  on  the  trachyte  of  that  nearly  extinct  volcano :  the  rock  is 
bleached,  and  becomes  porous,  fissile,  and  honey-combed,  till  at  length 
it  crumbles  into  a  white  siliceous  powder.f  Numerous  globular  con- 
cretions, composed  of  concentric  laminse,  are  also  formed  by  the  same 
vapors  in  this  decomposed  rock.^ 

Vesuvlan  minerals. — A  great  variety  of  minerals  arc  found  in  the 
kvas  of  Vesuvius  and  Somma;  augite,  leucite,  felspar,  mica,  oUvine, 
iad  aidphur  are  moat  abondaDt.  It  ia  an  extraordmary  fact,  that  m  an 
aiea  of  three  square  miles  round  Yesnvias,  a  greater  number  of  aimple 
OMila  baTB  been  found  than  in  any  spot  of  thOt  aaroe  dimensionB  on 
ilie  aur&ea  of  the  globe.  H&uy  enumerated  only  880  apeciea  of  ample 
auMials  aa  known  to  him ;  and  no  leea  than  eighty^two  had  been  found 
m  Yeauvitia  aad  in  the  tuA  oo  the  flanka  of  Somma  before  the  end  of 
the  year  1628.§  Many  of  these  are  peculiar  to  that  locality.  Some 
mineralogists  have  conjectured  that  the  greater  part  of  these  were  not 
of  Vesuvian  origin,  but  thrown  up  m  fragments  from  some  older  forma- 
tion, through  which  the  gaseous  ezplonons  burst.  But  none  of  the 
older  rocks  in  Italy,  or  elscAvhcre,  contain  such  an  assemblage  of  min- 
eral products  ;  and  the  hypothesis  seems  to  have  been  prompted  by  a 
disinclination  to  admit  that,  in  tmies  so  recent  in  the  earth's  history, 
the  laboratory  of  nature  could  have  been  so  prolific  in  the  creation  of 
new  and  rare  compounds.  Had  Vesuvius  been  a  volcano  of  high  anti- 
quity, formed  when  nature 

Waoton'd  as  in  her  prime,  and  play'd  at  will 
Her  Tiigin  imoM, 

it  would  have  been  readily  admitted  that  these,  or  a  much  greater  va- 
riety of  substances,  had  been  sublimed  in  the  crevices  of  lava,  just  as 
lerend  new  earthy  and  metallic  compounds  are  known  to  have  been 
produced  by  fumeroles,  smee  the  eruption  of  1622. 

Jfem  amloping  BercitlaMim  md  J^ompm^-^Tn  addition  to  the 
ejeetkma  which  faU  on  the  cooe,  and  that  much  greater  mass  which 
finds  Its  way  gradually  to  the  neighboring  sea,  there  is  a  third  portion, 
cAcD  of  no  mconuderable  thieknesa,  composed  of  alluYiums,  aproid  ovei 
tte  Tall^  and  plains  at  small  distancea  tnm  the  voleano.  Aqueont 

♦  Mr.  Forbes,  Edin.  Jouni.  of  SeL  Ho.  xviiL  Oct.  1828, 

Drabeoy  on  Volcanues.  p.  169. 
i  Scrope,  Geol  Tran-     >  .nd  series,  vol.  ii.  p,  846. 
§  HooticeUi  aad  Corelli,  yzodtaa.  dsUa  MmeoL  Y< 
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▼apon  are  evolred  copiomly  from  Tolcaoie  crateiB  daring  eropUooB. 
and  often  for  a  long  time  subsequently  to  the  disebaige  of  seofus  aod 
lava :  these  vapors  are  condensed  in  the  cold  atmosphere  aanonnding 
the  high  volcanic  peak,  and  heavy  rama  are  thus  cau.<^ed.  The  floods 
thns  occasioned,  sweep  along  the  impalpable  dust  and  light  scoria^,  till 
a  current  of  mud  is  produced,  which  is  called  in  Campania  "  lava  d' 
Bcqua,"  and  is  often  more  dreaded  than  an  igneous  stream  (la\'a  di  fao- 
co),  from  the  greater  velocity  "with  which  it  moves.  So  late  as  tlie  27th 
of  October,  1822,  one  of  tliesc  alluviums  descended  the  cone  of  Vesu- 
vius, and,  after  overspreading  mucii  cultivated  soil,  flowed  suddenly 
into  tlie  villages  of  St.  Sebastian  and  Mus&a,  where,  filling  the  streets 
and  interior  of  some  of  the  houses,  it  suffocated  sevtn  persons.  It  will, 
therefore;,  happen  very  frequently  that,  towards  tlic  base  of  a  volcanic 
cone,  alternations  will  be  found  of  lava,  alluvium,  and  bhowers  of 
flidies. 

To  which  of  these  two  latter  divisiona  the  mass  enveloping  Herenls* 
neum  and  Pompeii  should  be  referred,  has  been  a  question  of  the  keen- 
est eontroversj ;  but  the  discussion  might  have  been  ahortened,  if  the 
combatants  had  reflected  that,  whether  Tolcanie  sand  and  ashes  vete 
conveyed  to  the  towns  by  runnhig  water,  or  through  the,  air,  during  sn 
eruption,  the  interior  of  buildings,  so  long  as  the  roofs  remain  entire, 
together  with  all  underground  vaults  and  cellars,  could  be  filled  only 
by  an  alluvium.  We  learn  from  history,  that  a  heavy  shower  of  sand, 
pumice,  and  lapilh,  sufficiently  great  to  render  Pompeii  and  llerculftno- 
um  uninhabitable,  fell  for  eight  successive  days  and  nights  in  the  year 
79,  accompanied  by  violent  rains.*  We  ought,  therclorL',  to  find  a  very 
close  resemblance  between  the  strata  covering  these  towns  and  tiio?e 
composing  the  minor  cones  of  the  Phlegraean  Fields,  accumulated  rap- 
idly, like  Monte  Nuovu,  dunn^  a  continued  shower  of  ejected  matter; 
with  this  diilerence  however,  iliaL  the  strata  incumbent  on  the  cities 
would  be  horizontal,  whereas  those  on  the  cones  are  highly  inclined; 
and  that  huge  angular  fragments  of  rock,  which  are  thrown  ont  nesr  Uw 
vent,  would  be  wanting  at  a  distance  where  small  lapilli  only  csn  be' 
found.  Aecordbgly,  with  these  exceptions,  no  identity  can  be  more 
perfect  than  the  fotm  and  distribution  of  the  matter  at  the  bsse  of 
Monte  KuoTO^  as  hiid  open  by  the  encroaching  sea,  and  the  appssrsnee 
of  the  beds  superimposed  on  Pompdi.  That  city  is  covered  with  nu- 
merous alternations  of  different  horizontal  beds  of  tuff  and  lapilli.  for  the 
most  part  thin,  and  subdivided  into  very  fine  layers.  I  observed  tbe 
following  section  near  the  amphitheatre,  in  November,  1828 — (deseesd- 
iog  series) :~ 

♦  T\ie  grt  at  eruption,  in  1S22,  caused  a  coveriug  only  a  fow  inches  thick  '  r. 
Pompeii.  SL-reral  feet  are  mentioned  by  Prof.  J.  D,  Forbes. — E<1.  Joura  <  f 
SoU'tir*',  No.  xix.  p.  131,  Jan.  But  lie  must  have  mcasnrod  in  ^|x>t9  where 

it  had  drifted.    The  dust  and  ashes  were  five  feet  thick  at  the  top  of  the  cni^ 
mad  doeresaed  fo^adually  to  ten  inchM  at  Torravdel  Aaatnariata.  The  mat ^ 
▼eic^ht  of  thr  pjerti  1  fi  r^iiients  diminished  very  re^larly  in  the  same 
ous  stratum,  as  the  diiuUiuce  frooi  the  ceatre  of  projecUoD  wm  greater. 
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Feet  Incb« 

1  Black  sparkling  sand  from  the  eruption  of  1822,  containing 

minute  regularly  formed  crystals  of  augito  and  tourmalino  -       0  2| 
i.  Vegetable  mould        -         -         -         -         -         -      3  0 

3.  Brown  incoherent  tuff,  full  of  pisoli tic  globules  in  layers,  from 

YiaU  an  inch  to  three  inches  in  thickness       -  -  -       1  6 

4.  Small  scorijo  and  white  lapilli  -  -  -  -  -  0  8 
6.  Brown  earthy  tuff,  with  numerous  pisolitic  globules    •  -09 

6.  Brown  earthy  tuff,  with  lapilli  divided  into  layers      -  -       4  0 

7.  Layer  of  whitish  lapilli  -  -  -  -       0  1 

8.  Gray  solid  tuflf  -         -         -         -         -  -08' 

9.  Pumice  and  white  Uipilli         -  ••OS 

10  8i 

Many  of  the  ashes  in  these  beds  are  vitrified,  and  harsh  to  the  touch. 
Crystals  of  leucite,  both  fresh  and  farinaceous,  have  been  found  inter- 
mixed.* The  depth  of  the  bed  of  ashes  above  the  houses  is  variable, 
but  seldom  exceeds  twelve  or  fourteen  feet,  and  it  is  said  that  the  higher 
part  of  the  amphitheatre  always  projected  above  the  surface  ;  though  if 
this  were  the  case,  it  seems  inexplicable  that  the  city  should  never  have 
been  discovered  till  the  year  1750.  It  will  be  observed  in  the  above 
section  that  two  of  the  brown,  half- consolidated  tuffs  arc  filled  with  small 
ptsohtic  globules.  This  circumstance  is  not  alluded  to  in  the  animated 
controversy  which  the  Royal  Academy  of  Naples  maintained  with  one 
of  their  members,  Signor  Lippi,  as  to  the  origin  of  the  strata  incumbent 
on  Pompeii.  The  mode  of  aggregation  of  these  globules  has  been  fully 
explained  by  Mr.  Scrope,  who  saw  them  formed  in  great  numbers  in 
1822,  by  rain  falling  during  the  eruption  on  fine  volcanic  sand,  and  some- 
times also  produced  like  hail  in  the  air,  by  the  mutual  attraction  of  the 
minutest  particles  of  fine  damp  sand.  Their  occurrence,  therefore,  agrees 
remarkably  well  with  the  account  of  heavy  rain,  and  showers  of  sand  and 
ashes  recorded  in  history.f 

Lippi  entitled  his  work,  "Fij  il  fuoco  o  1*  acqua  che  sotterd  Pompei  ed 
Ercolano  ?"|  and  he  contended  that  neither  were  the  two  cities  destroyed 
in  the  year  79,  nor  by  a  volcanic  eruption,  but  purely  by  the  agency  of 
water  charged  with  transported  matter.  His  letters,  wherein  he  endeav- 
ored to  dispense,  as  far  as  possible,  with  igneous  agency,  even  at  the 
foot  of  the  volcano,  were  dedicated,  with  great  propriety,  to  Werner, 
and  afford  an  amusing  illustration  of  the  polemic  style  in  which  geologi- 
cal writers  of  that  day  indulged  themselves.  His  arguments  were  partly 
of  an  historical  nature,  derived  from  the  silence  of  contemporary  histo- 
rian^,  respecting  the  fate  of  the  cities,  which,  as  we  have  already  stated, 
is  most  remarkable,  and  partly  drawn  from  physical  proofs.  He  pointed 
out  with  great  clearness  the  resemblance  of  the  tufaceous  matter  in  the 
vaults  and  cellars  at  Herculaneum  and  Pompeii  to  aqueous  alluviums, 
and  its  distinctness  from  ejections  which  had  fallen  through  the  lir. 
Nothing,  he  observes,  but  moist  pasty  matter  could  have  received  the 
impression  of  a  woman's  bn^ast,  which  was  fouiul  in  a  vault  at  Pompeii, 

♦  Forbes,  Ed.  Joum.  of  Sci.  No.  xix.  p.  130.  Jan.  1839. 

f  Scrope,  Oeol.  Trau»  second  series,  vol.  ii,  p.  346.  ^  Napoli,  1816. 
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or  have  given  the  cast  of  a  siatue  diaeoTered^io  the  ibeaU^  at  Hereola- 
neam.   It  was  objeeted  to  bim»  that  the  beat  of  the  tuff  in  HeiealiaeBin 
and  Pompeii  was  proved  by  the  carbonization  of  the  timber,  com,  papy- 
nis-roHs,  and  other  vegetable  auhatanc^  there  discovered ;  bat  Lippi 
replied  with  truth,  that  the  papyri  would  have  been  burnt  up  if  they 
had  come  in  contact  with  fire,  and  that  their  being  only  carbonized  W8« 
a  clear  demonstration  of  their  having  been  enveloped,  Ukc  fossil  wood, 
in  a  sediment  deposited  from  water.    The  Academicians,  in  tln  ir  report 
on  his  pamphlet,  assert,  that  when  the  amphitheatre  was  iirst  cleared 
out,  the  matter  wjis  arranged  on  the  steps  in  a  succession  of  concare 
layers,  accomuiudating  themselves  to  the  interior  form  of  the  building, 
just  as  snow  would  lie  if  it  had  fallen  there.    This  observation  is  highly 
interesting,  and  points  to  the  diffiBfenoe  between  the  stratifieatioD  of  ashes 
in  an  open  boEding  and  of  mud  dedved  from  the  nme  in  tbe  intciiar  uf 
edifieea  and  oellait.  Nor  ought  we  to  call  the  all^atbn  in  qnaitioB, 
beeanae  it  eon^  not  be  enbetantiated  at  the  time  of  the  controvemy  afar 
the  matter  bad  been  all  removed ;  althoiigb  Lippi  took  adTaomge  ef 
this  zemova],  and  ael  the  atgnment  of  hitantagoniite  b^  requiring  them 
to  prove  the  faet.   There  is  deoiitve  evidence  that  no  stream  of  lava  hit 
ever  reaehed  Pompeii  aiace  it  was  first  built,  although  the  foundatioDB 
of  the  town  stand  upon  the  old  leuciiic  lava  of  Somma ;  several  streams 
of  whlch»  with  tuff  interposed,  had  been  out  through  in  excavations. 

Infusorial  beds  covering  Pompeii. — A  most  singular  and  unexpected 
discovery  has  been  recently  made  (1844-5)  by  Professor  Ehrenberg. 
respecting  the  r<  nioie  origin  of  many  of  the  layei-s  of  ashes  and  pumice 
enveloping  Pomjn  n.  Tliey  are,  he  says,  in  i^reat  part,  of  organic  nn<l 
freshwater  origin,  consisting  of  the  siliceous  ciises  ol  microscopic  in^u^' • 
ria.  What  is  still  more  surprising,  thb  fact  proves  to  be  by  no  meiiiis 
an  isolated  or  solitary  example  of  an  intimate  relation  between  organic 
life  and  the  results  of  volcanic  activity.  On  the  llhine,  several  beds  ot 
tuff  and  pumiceous  conglomerate,  re&emblii^  the  mass  incumbent  upon 
Pompeii  and  eloeely  eonneoted  with  extinct  voloonoes,  are  now  ascer- 
tained to  be  made  np  to  a  great  extent  c»f  the  stlieeoua  eases  of  infasooa 
(or  Pialomacem),  invisible  to  the  naked  eye,  and  often  half  fused.*  Hd 
less  then  94  diatinot  species  have  already  been  detected  in  one  mass  of 
this  kind,  more  than  IdO  feet  thick,  at  Hoeheimmer,  on  the  ]eft  bank  of 
the  Rhine,  near  the  Laaeher-eee.  Some  of  these  Bhenish  infnsoosl 
accnmulati<Hi8  appear  to  have  fallen  in  showers,  others  to  have  been 
poured  out  of  lake-craters  in  the  form  of  mud*  as  in  the  BroU  valley. 

In  Mexico,  Pern,  the  Isle  of  France,  and  several  other  volcaoie  rcigHSi^ 
aitalogous  phenomena  have  been  observed,  and  everywhere  the  species 
of  infusoria  belong  to  freshwater  and  terrestrial  genera,  excej>t  in  the 
euse  of  the  Patagomao  pomioeous  tu&,  specimens  of  which,  brought 

*  }fot  a  few  of  the  onraiuc  bodice,  called  bv  £brenberg  "  lofiuoria,"  cucb  mt 
Oalionella  and  BkcUboria,  nave  been  teoentlv  claiiMd  bj  many  boCaoiala  as  ba> 
\(mt(\n'^  to  the  voi^otaUtt  kfafdcev  and  are  rmied  to  the  slaaes  erikd  Jiatwis 
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home  by  Mr.  Darwin,  are  found  tx>  contaia  the  remains  of  marine  ani> 
Dolculcs.  In  various  kinds  of  pumice  ejeoted  fay  volcanoes,  the  nieith 
Nopa  htM  fBVMlfld  to  Ptafonor  EhreabeigtiHi  wOkmom  ««»of  infiMorift 
«fteii  Inlf  obfitemted  by  the  Mtkm  of  heat^  and  the  fine  dnat  thrown  out 
inlo  tlw  mt  dsring  cniptioiii,  is  siMiietimee  relemble  to  ihete  most  mute 
ergoDle  tabetMieeSk  hranght  up  fitoiii  oooaiderable  deplhiy  and  lometisws 
nngied  irith  mall  particles  of  vegetable  matter. 

In  what  manaer  did  the  solid  covexinga  of  these  most  minnte  plsnts 
and  sntoMdouIet,  which  can  only  oiiginste  and  huNsse  at  the  soifooe 
of  tlic  earth,  sink  down  and  penetrate  into  subterranean  cafities»  80  as 
to  bo  ejected  from  the  volcamo  orifices  ?  We  Lave  of  kte years  become 
£umliar  with  the  fact,  in  the  proc^  of  boring  Artesian  wells,  that  thr 
^eefi"  Af  plants,  the  rcranins  of  inf^^rts,  and  even  small  fish,  with  oHipj 
ori^anic  bodies,  are  carried  in  an  iminjui  *  d  state  bv  ihp  underground 
circulation  of  waters,  to  fho  depth  of  many  hundred  !•  ct,  ^Vith  still 
in-enter  facility  in  a  v(*l(-anic  region  we  may  conjecture,, that  water  and 
mad  luU  ot  invisible  infusoria  may  be  sucked  down,  from  time  to  time, 
into  subterranean  rents  and  hollows  in  cavernous  lavu  which  has  been 
permeated  by  gases,  or  in  rocks  dislocated  by  earthquakes.  It  often 
happens  that  a  lake  which  has  endured  for  centuries  in  a  volcanic  crater, 
dinppeafs  soddcnly  on  the  approach  of  a  new  emption.  Yiolent 
thoeka  agitate  the  smionnding  region,  and  poads,  rivers,  and  wells  are 
dried  np.  Large  cavities  fsr  below  may  thns  beeome  filled  with  fm- 
mod  chiefly  composed  of  the  more  indeatmotibte  end  siliceous  portions 
of  mfnsoria*  destined  pcihaps  to  he  one  day  ejected  in  a  frsgmentary  or 
kdf-fnsed  state,  yet  wtthont  the  obKter^ioB  of  all  traces  of  oiganic 
structure,* 

Mretilanmtm, — It  was  remarked  that  no  lava  has  flowed  over  the 
nte  of  Pompeii,  since  that  city  wag  built,  but  with  Hcrculaneum  the 
ease  is  different    Although  the  substance  which  fills  the  interior  of  the 

houses  and  the  vaults  must  have  been  introduced  in  a  state  of  mud,  like 
that  fonnd  in  similar  situations  in  Pompeii  ;  yet  the  superincumbent 
ma««  ditiers  wholly  in  composition  and  thickness.  Ifer-'ilin^'imi  was 
.situated  several  miles  nearer  to  the  volcano,  and  has,  theteture,  been  al- 
ways more  exposed  to  be  covered,  not  only  by  showers  of  a^hes,  but  by 
aUaviuma  and  streams  of  hva.   Accordingly,  masses  o(  both  have  accu- 


*  Sec  Ebrenberg,  Proceediogs  (Bcrichte)  of  the  Royal  Acad,  of  Sci  Bcrlio,  184^, 
IM,  mad  so  UBBeHmt  abttnut  of  his  papers  bj  Mr.  Ansted  in  the  Quart.  Joum. 
of  tb«  GeoL  Soa  Loodon,  Na  7,  Aug.  1846.  In  regard  to  marine  infusoria  found 
io  volcanic  tuff,  it  is  well  known  that  on  tlie  shores  of  the  inland  of  (  Vplialonia  in 
the  Mediterranean  (Proceedings,  GeoL  Soc  vol.  ii,  p,  220),  there  ia  a  cavuj  in  the 
Mek,  into  which  the  sea  has  b««iflo\i  i!]  r  for  ages,  ind  many  otbsrs  doubtlcM 
exist  in  th**  kakv  bottom  of  the  oreaa  The  marine  current  has  been  rushini^  in 
tor  rotuiy  v«'.art),  and  b«  the  iiilu><jria  inhabiting  the  waters  of  the  Mediterranean 
MB  a¥rw«4ingiy'  sbtmdsot,  a  vnxt  ^tore  of  tbeir  ea«es  may  accumulate  in  •abmik 
rioc  caverns  (the  wntcr,  perhaps,  bt-iji^  converted  into  steam.  ar  J  r  -rnping  op- 
vardaj,  and  thejr  ma^  then  be  cast  up  again  to  furnish  the  material  of  Tolcani* 
Utt,  thoold  aa  ornpCioa  oeenr  ISm  tfiat  which  pvndneed  Onbam  Itland,  off  tlio 
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midftted  on  eaeh  oth^  above  the  taij,  to  a  depth  of  nowbtee  len  Ifau 

70,  aod  in  many  places  of  118  feetf 

The  tn£f  which  envelops  the  bidldiags  eonsnte  of  eommionted  vol* 
canic  aahes,  mixed  with  pumice.  A  mask  hnbedded  in  thia  matrix  has 
left  a  cast,  the  aharpness  of  which  was  compared  by  Hamilton  to  tlicae 

in  plaster  of  Paris ;  nor  was  the  mask  in  the  least  degree  acofched,  as 
if  it  bad  been  imbedded  in  heated  matter.   This  tuff  is  ponms ;  and, 
when  first  excavated,  is  soft  and  easilj  worked,  but  Requires  a  consider- 
able dccfree  of  induration  on  exposure  to  the  air.    Above  this  lowest 
stratum  is  placed,  according  to  Hamilton,  "  tho  matt^'rcf  six  cniptions," 
each  separated  from  the  other  by  veins  of  good  soil.    In  these  soils 
Lippi  states  that  he  collected  n  considerable  number  of  land  shells — an 
observation  >vhich  is  no  doubt  corrert  ;  for  many  snails  ImnMW  m  soft 
soils,  and  some  Italian  species  descend,  when  they  ]i  \  Ih  i  njitc,  to  the 
depth  of  five  feet  and  more  irom  the  surface.    Delia  Torre  also  informs 
us  that  there     in  one  part  of  this  supenmpused  mass  a  bed  of  true 
siliceous  lavu  {lava  di  pietra  dura) ;  and,  as  no  such  current  is  beliefed 
to  hare  flowed  tlU  near  one  Uiomand  jman  after  the  destrnetion  of  Her- 
culaneum,  we  must  conclude,  that  the  origin  of  a  large  part  of  the  cor- 
ering  of  Herculaneum  was  long  subsequent  to  the  first  inhumation  of 
the  place.  That  city,  as  well  as  Pompeii,  was  a  seaport  HereulaneiiBi 
is  still  very  near  the  shore,  but  a  tract  of  bmd,  a  mile  in  length,  intv- 
venes  between  the  borders  of  the  Bay  of  Naplea  and  Pompeii.   In  both 
cases  the  gain  of  land  is  due  to  the  filling  up  of  the  bed  of  the  sea  widi 
volcanic  matter,  and  not  to  elevation  by  earthquakes,  for  there  has  been 
no  change  in  the  jdative  level  of  land  and  sea.   Pompeii  stood  on  a 
slight  eminence  composed  of  the  lavas  of  the  ancient  Vesuvius,  and 
flights  of  steps  led  down  to  tlie  water's  edge.    The  lowermost  of  these 
steps  are  said  to  be  still  on  an  exact  level  with  the  sea. 

Condition  and  contents  of  the  buried  cities. — After  th^e  obaer>'r^ti(>ns 
on  the  nature  of  the  strata  enveloping  and  surrounding  the  cities,  we 
may  proceed  to  coiibiJcr  their  internal  condition  and  contents,  so  U\t  at 
least  as  they  offer  facts  of  geological  interest.  Notwithstanding  the 
much  greater  depth  at  which  lierculaiieimi  was  buried,  it  was  discoT- 
ercd  before  Pompeii,  by  the  accidental  circumstance  of  a  well  beiog 
sunk,  in  1718,  which  came  right  down  upon  the  theatre,  when  the  flat- 
ues  of  Hercules  and  Cleopatra  were  soon  found.  Whether  this  city  or 
Pompeii,  both  of  them  founded  by  Oreek  colonies,  was  the  more  cos* 
siderable,  is  not  yet  determmed ;  but  both  are  mentioned  by  sacimt 
authors  as  among  the  seven  most  flourishing  cities  in  Campaais.  The 
walls  of  Pompeii  were  three  mUes  in  circumference ;  but  we  have^  as 
yet,  no  certain  knowledge  of  the  dimensions  of  Herculaneum.  In  th« 
latter  place  the  theatre  alone  is  open  for  inspection ;  the  Forum,  Temple 
of  Jupiter,  and  other  buildings,  having  been  filled  up  with  rubbish  as 
the  workmen  proceeded,  owing  to  the  difficulty  of  removing  it  from  m 


*  Hsnultoii,  Obeerv.  cn  Mooat  Y6siivia%  p.  94.  Londoi^  171^ 
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gnai  a  depth  bdow  ground.  Sven  tbe  theatre  is  only  seen  bj  torch- 
fight,  and  the  moat  mtereating  uformatioD,  perhaps,  which  the  g^ogist 
obtiiiN  there,  is  the  eoatimml  fonnatkni  of  stalactite  in  the  galleries  cnt 
tinmigh  the  toff for  there  is  a  eonstsnt  percolation  of  water  chaiged 
with  earbonate  of  lime  mixed  with  a  small  portion  of  nagnesia.  Such 
nbetal  waters  must,  in  the  course  of  time,,  create  great  changes  in 
nsiiy  rocks ;  especialljr  in  lavas,  the  pores  of  which  they  may  fiU  with 
cikareoas  spar,  so  as  to  convert  them  into  amygdaloids.  Some  geoIo> 
pits,  therefore,  are  unreasonable  when  they  expect  that  volcanic  rocks 
of  remote  eras  should  acmrd  precisely  "with  those  of  modern  dntc  ; 
HDce  it  is  ohvious  that  many  of  those  produced  in  our  own  time  wUl 
not  long  return  the  same  aspect  and  internal  compcsition.  ^ 

Both  fit  Ilerciilftneum  and  Pompeii,  temples  have  been  found  with 
iDScriptions  cumrnemorating  the  rebuilding  ?f  the  edifices  aft^r  they  had 
been  thrown  down  by  an  earthquake.'-  This  earthquake  happened  in 
ihe  reigu  of  Nero,  sixteen  years  before  the  cities  were  overwhelmed.  In 
Pompeii*  one-fourth  of  which  is  now  bud  open  to  the  day,  both  the 
peblki  Mid  private  buildings  bear  testimony  to  the  catastrophe. .  The 
walls  are  rent,  and  in  many  places  traYosed  by  fissures  still  open. 
Cohunns  are  lying  on  the  ground  only  half  hewn  from  huge  blocks  ot 
ttavertin,  and  the  temple  for  which  they  were  deseed  is  seen  half 
repaired.  In  some  few  phoes  the  pavement  had  sunk  in,  hut  in  general 
it  was  undisturbed,  consisting  of  large  irregular  flags  of  lava  joined 
neatly  together,  in  which  the  carriage  wheels  have  often  worn  rots  an 
inch  and  a  half  deep.  In  the  wider  streets,  the  rats  are  nnmerous  and 
iiregnlar;  in  the  narrower,  there  are  only  two,  one  on  each  aide,  w  liicb 
are  very  conspicuous.  It  is  impossible  not  to  look  with  some  interest 
even  on  these  ruts,  which  v^fvo  wfivn  hx  chariot  wheels  more  than 
seventeen  centuries  ix^ro  ;  and,  mdej)' mlcntly  of  their  smtiquity,  it  is 
remarkable  to  see  such  deep  incisions  bo  continuous  in  a  stone  of  great 
Jiardnes^s. 

Small  number  o/ sk  ieions. — A  very  small  number  of  skeletons  havr 
been  discovered  iu  eiiliti  city ;  and  it  hi  clear  that  most  of  the  inhabit- 
MiU  not  only  found  time  to  escape,  but  also  to  carry  with  them  the 
principal  part  of  their  valoable  effects*  In  the  banaeks  at  Pompeii 
wete  the  skeletons  of  two  soldiers  dunned  to  the  atocks,  and  in  the 
vaidta  of  a  eomtfy^hoose  in  the  suburbs  were  the  skeletons  of  seven> 
leea  penons,  who  appear  to  have  fled  there  to  escape  from  the  shower 
of  aahes.  They  were  found  inclosed  in  aa  mdwated  tufl;  and  in  this 
matrix  was  preserved  a  perfect  cast  of  a  womaa«  perhaps  the  mistress 
(d  the  bouse,  with  an  infant  in  her  arms.  Although  her  form  was  im* 
printed  on  the  rocl^  nothing  but  the  bones  remained.  To  these  a  chain 
of  gold  was  suspended,  and  on  the  fingers  of  the  skeletons  were  rings 
with  jewels.  Against  the  sides  of  the  same  vault  was  raoged  a  long 
line  of  esrthen  amphorae. 

•  8wiafaans  and  LalsBde.  rsd«nih  PhiL  Thma  nM»  voL  L  p^  61«. 
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The  writinors  scribbled  bv  tho  soldiers  on  the  wnlls  of  their  barracks, 
and  tlie  names  of  tho  owners  of  each  house  written  over  tlin  rlcors,  are 
still  perfect] V  lec^ible.  The  colors  of  fresco  paintings  on  iln  >tnrr«-Mf>d 
wrUs  in  the  interior  of  buildings  are  almost  as  vivid  us  if  they  >v(  r.  ju^t 
finished.  There  are  public  fountains  decorated  with  shells  laid  out  m 
patterns  in  the  same  fashion  as  those  now  seen  in  the  town  of  Naples; 
and  in  the  room  of  a  painter,  who  was  perhaps  a  naturalist,  a  large  col- 
lection of  shells  was  found,  comprising  a  great  Tarietjr  of  Mediterraneaa 
species,  in  as  good  a  state  of  presemtion  as  if  they  had  remained  fm 
the  same  niinber  of  yean  in  a  nnseum.  A  comparison  of  these 
remains,  iritli  those  found  so  generally  in  a  fossil'State  makl  not  asnst 
us  in  obtaining  the  least  insight  into  the  time  required  to  produoe  a  eer* 
tarn  degree  of  decampositioQ  or  mineraliaitioD ;  for,  although  mder 
fiiTorahle  circumstances  much  greater  altenition  migl^  donhtksa  hare 
been  brought  abont  in  a  shorter  period,  yet  the  eiample  before  vs  shows 
that  an  inhumation  of  seventeen  centuries  may  sometimes  effect  nothiog 
towards  the  reduction  of  shells  to  the  state  in  which  fossils  are  usnslly 
found. 

The  wooden  beams  In  the  houses  at  Herculaneum  are  black  on  the 
exterior,  bnf,  when  cleft  open,  they  appear  to  be  almost  in  the  state  of 
ordinary  wood,  and  the  progress  made  by  the  whole  mass  towards  the 
state  of  lignite  is  scarcely  appreciable.  Some  animal  and  vegetable 
substances  of  more  perisliablc  kinds  have  of  course  suffered  much 
change  and  decay,  yet  the  state  of  preservation  of  these  is  tnily  re- 
markable. Fialiing-ncts  are  very  abundant  in  both  cities,  often  quite 
enth-e  ;  and  their  number  at  Pompeii  is  the  more  interesting  from  the 
sea  being  now,  aa  we  stated,  a  mile  dktant^  linen  has  been  found  at 
Herculaneum,  with  the  texture  well  defined ;  and  in  a  Ihuteret^s  shop 
in  that  city  were  discovered  yessels  full  of  almonds,  chestnuts,  walnuts, 
and  fruit  of  the  '*  oarubiere,"  %U  distinctly  recogniable  from  their 
shape.  A  loaf,  also,  sttU  retaining  ito  fonn,  was  found  in  a  baker's 
shop,  with  his  name  stamped  upon  it  On  the  counter  of  an  apothe- 
cary was  a  box  of  pills  converted  into  a  fine  earthy  substance ;  and  by 
the  side  of  it  a  small  cylindrical  roll  evidently  prepared  to  be  cut  into 
pills.  By  the  side  of  these  was  a  jar  oootainiiig  medicinal  herbs.  In 
1827,  moist  olives  were  found  in  a  square  glass-case,  and  "caviare,"  or 
roc  of  a  fish,  in  a  state  of  w*ondcrful  preservation.  An  examination  of 
these  curious  condimr  nts  hxs  been  published  by  Covelli  of  Naples,  snd 
they  arc  preserved  iiermetically  sealed  in  the  museum  there.* 

Fapyri. — There  is  a  marked  difVercnce  iu  the  condition  and  appear- 
ance of  the  animal  and  v»^'j;etablc  substances  found  at  Pompeii  and 
Herculaneum  ;  those  of  Puiupcii  beinc^  penetrated  by  a  gray  pulver* 
ulent  tuff,  those  in  Herculaneum  seeming  to  have  been  first  enveloped 
by  a  paste  which  consoUdated  round  them,  and  then  allowed  them  tc 
oecome  slowly  carbonised.   Some  of  the  rolb  of  papyrus  at  Pompn 
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still  retain  their  form  ;  but  the  writing,  and  indeed  almost  all  the  vege- 
table matter,  appear  to  have  vanished,  and  to  have  been  replaced  by 
volcanic  tuff  somewhat  pulverulent.  At  Herculaneum  the  earthy  mat 
ter  has  scarcely  ever  penetrated  ;  and  the  vegetable  substance  of  the 
papyrus  has  become  a  thin  friable  black  matter,  almost  resembling  in 
appearance  the  tinder  which  remains  when  stiff  paper  has  been  burnt, 
in  which  the  letters  may  still  be  sometimes  traced.  The  small  bundles 
of  papyri,  composed  of  five  or  six  rolls  tied  up  together,  had  sometimes 
Iain  horizontally,  and  were  pressed  in  that  direction,  but  sometimes 
they  had  been  placed  in  a  vertical  position.  Small  tickets  were  at- 
tached to  each  bundle,  on  which  the  title  of  the  work  was  inscribed 
In  one  case  only  have  the  sheets  been  found  with  writing  on  both  sides 
of  the  pages.  So  numerous  are  the  obliterations  and  corrections,  that 
many  must  have  been  original  manuscripts.  The  variety  of  handwri- 
tings is  quite  extraordinary  :  nearly  all  are  written  in  Greek,  but  tBere 
are  a  few  in  Latin.  They  were  almost  all  found  in  a  suburban  villa  in 
the  library  of  one  private  individual ;  and  the  titles  of  four  hundred  of 
those  least  injured,  which  have  been  read,  are  found  to  be  unimportant 
works,  but  all  entirely  new,  chiefly  relating  to  music,  rhetoric,  and 
cookery.  There  are  two  volumes  of  Epicurus  "  On  Nature,"  and  the 
others  are  mostly  by  writers  of  the  same  school,  only  one  fragment 
having  been  discovered,  by  an  opponent  of  the  Epicurean  system, 
Chrysippus.* 

Probability  of  future  discoveries  of  MSS. — In  the  opinion  of  some 
antiquaries,  not  one-hundredth  part  of  the  city  has  yet  been  explored : 
and  the  quarters  hitherto  cleared  out  at  a  great  expense,  are  those 
where  there  was  the  least  probability  of  discovering  manuscripts.  As 
Italy  could  already  boast  licr  splendid  Roman  amphitheatres  and  Greek 
temples,  it  was  a  matter  of  secondary  interest  to  add  to- their  number 
those  in  the  dark  and  dripping  galleries  of  Herculaneum ;  and  having 
so  many  of  the  masterpieces  of  ancient  art,  we  could  have  dispensed 
with  the  inferior  busts  and  statues  which  could  alone  have  been  ex- 
pected to  reward  our  researches  in  the  ruins  of  a  provincial  town. 
But  from  the  moment  that  it  was  ascertained  that  rolls  of  papyrus  pre- 
served in  this  city  could  still  bo  deciphered,  every  exertion  ought  to 
have  been  steadily  and  exclusively  directed  towards  the  discovery  of 
other  libraries.  Private  dwellings  should  have  been  searched,  before 
so  much  labor  and  expense  were  consumed  in  examining  public  edi- 
fices. A  small  portion  of  that  zeal  and  enlightened  spirit  which 
prompted  the  late  French  and  Tuscan  expedition  to  Egypt  might  long 
ere  this,  in  a  country  nearer  home,  have  snatched  from  oblivion  some 
of  the  lost  works  of  the  Augustan  age,  or  of  eminent  Greek  historians 
and  philosophers.    A  single  roll  of  papyrus  might  have  disclosed  more 

•  In  one  of  the  manuscripts  which  was  in  the  hands  of  the  interpreters  when  I 
visited  the  museum  in  1828,  the  author  indulges  in  the  speculation  that  all  the 
Homeric  personages  were  allegorical — that  Agamemnon  was  the  ether,  Achillet 
tHo  Bun,  Helen  the  earth,  Paris  the  air.  Hector  the  moon,  ilcc. 
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matter  of  iatenM  mterast  tium  all  that  was  em  writtca  k  liieio* 

glyphics. 

Siahite. — ^Besides  the  cities  already  mentioned,  Stabiae,  a  small  tovro 
about  six  miles  from  Vesuvius,  and  near  the  ate  of  the  modem  Castel**- 
Mare  (see  map  of  volcanic  district  of  Naples),  was  overwhelmed  during 
the  eruption  of  79.  Pliny  mentions  that,  when  his  uncle  was  there,  he 
was  obliged  to  make  liis  escape,  so  great  was  the  quantity  of  falling 
stones  and  ashes.  In  the  ruins  of  this  j  l  ic /,  a  few  skeletons  have  been 
found  buried  in  volcanic  ejections,  togetiier  with  some  antiquities  of  do 
great  value,  and  rolls  of  papyrus,  which,  hke  those  of  Pompeii,  were 
illegible. 

lorrc  (Id  Greco  overflowed  by  lava. — Of  the  towns  hitherto  men- 
tioned, Herculaneum  alone  has  been  overflowed  by  a  stream  of  melted 
matter ;  but  this  did  not,  as  we  have  seen,  enter  or  injure  the  baildmg:», 
wblbh  were  previoiiBly  enrelo]);^  or  eorered  over  with  taSL  But  bum* 
ing  tonenis  baYO  often  taken  tiieir  coarse  tbrongh  tbe  streets  of  Tone 
del  Qreoo,  and  consnmed  or  inclosed  a  large  portion  of  the  town  in 
solid  rock.  It  seems  probable  that  tbe  deBtruction  of  three  tbonmad 
of  its  inhabitants  in  1681,  wbicb  some  accounts  attribute  to  boiling  wa- 
ter, was  prindpally  due  to  one  of  those  alluvial  floods  which  we  be&iie 
mentioned:  but^  in  1737,  the  lava  itself  flowed  through  the  eastern 
side  of  the  town,  and  afterwards  reached  the  sea ;  and,  in  1794,  aaothsr 
current,  rolling  over  the  western  side,  filled  the  streets  and  houses,  and 
killed  more  than  four  hundred  persons.  Tlie  main  street  is  now  quarried 
through  this  lava,  which  snppliod  building  stones  for  new  houses  erected 
where  others  had  been  anniliil  it  'd.  The  church  was  half  buried  in  a 
rocky  mass,  but  the  upper  portion  served  as  the  fouodaUon  of  a  new 
editice. 

The  number  of  the  population  at  present  is  estimated  at  fifteen  thou- 
sand ;  and  a  satisfactory  answer  may  rcfadily  be  returned  to  those  who 
iiiquiie  how  the  inhabiLunts  cau  be  so  "inattentive  to  the  voice  of  time 
and  the  warnings  of  nature/'*  as  to  robiuld  their  dwellings  cm  a  spot  so 
often  devastated.  No  neighboring  site  unoeeui^ed  by  a  town,  or  wUeh 
would  not  be  equally  insecure,  combines  the  same  adfantages  of  pna- 
imity  to  tbe  capital,  to  the  sea,  and  to  the  rich  lands  on  the  flsdn  of 
Vesuvius.  If  the  present  population  were  exiled,  they  would  imme- 
diately be  replaced  by  another,  for  the  same  reason  that  the  Maiemma 
of  Tuscany  and  the  Campagna  dt  Roma  will  neyer  be  depopnlaled, 
although  the  malaria  fever  commits  more  havoc  in  a  few  yeai-s  than  tbe 
Yesuvian  lavas  in  as  many  centuries.  The  district  around  Naples  aup' 
plies  one  amongst  innumerable  examples,  that  those  regions  where  the 
surface  is  most  frequently  renewed,  and  where  the  renovation  is  accom* 
panied,  at  different  intervals  of  time,  by  partial  destruction  of  animal 
and  vLc:  tal'le  life,  may  nevertheless  be  amongst  the  most  halntable  sod 
delightful  on  our  globe. 

*  6ir  H.  Bsfy,  ConsoUtioos  in  Travel,  66 
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I  have  already  made  a  similar  remark  when  speaking  of  tmcts  where 
aqoeons  causes  are  now  most  active ;  and  the  o1»eiT&tion  applies  as 
vdl  to  parte  of  the  snrfaee  which  am  the  ahode  of  aquatic  animals,  as 
to  those  which  support  temstrial  species.  The  sloping  sides  of  Vesu- 
fias  giro  nounshmeni  to  a  vigproaa  and  healthy  population  of  ahoat 
dghtj  thonsaod  souls ;  and  the  sanoanding  hills  and  plains*  together 
with  several  of  the  adjoining  isles,  owe  the  fortility  of  their  soil  to  mat* 
ter  ejected  hy  prior  eruptions.  Had  the  fundamental  lunestoae  of  the 
Apennines  remmned  uncovered  throughout  the  whole  area,  the  countr}' 
could  not  have  aurtained  a  twentieth  part  of  its  present  inhabitants.  Tins 
will  be  apparent  to  every  geologist  who  has  marked  the  cliange  in  the 
a^cultjral  character  of  the  soil  the  moment  ho  has  passed  the  utmc^t 
i>nundfiry  of  the  volmnic  eiortions,  as  when,  for  example,  .it  the  dis- 
tanrt  nf  about  seven  raiies  fiom  Vesuvius,  he  leaves  the  plain  and 
ascends  tlie  declivity  of  the  Sorrt-ntine  Hills. 

Yet*  favored  as  tins  region  has  been  by  ^fature  from  time  immemorial, 
the  signs  of  the  changes  imprinted  on  it  durintr  the  period  that  it  has 
served  as  the  habitation  of  man  may  a|)p€ar  in  after-ages  to  indicate 
a  series  of  unparalleled  disasters.  Let  us  suppose  that  at  some  future 
time  the  Meditemmeaa  shodd  fptm  a  golf  of  the  great  ocean,  and  that 
the  wavea  and  tidal  cunent  ahould  encroach  on  the  ahoiea  of  Campania 
Bs  it  now  advances  upon  the  eastern  coast  of  England ;  the  geologist  wil 
then  behold  the  towns  already  buried,  and  many  more  which  will  evi 
deelly  be  entombed  hereafter,  laid  open  in  the  steep  clifls,  where  he 
wilt  diacover  buHdhiga  superimpoaed  above  each  other,  with  thick  inter- 
vening strata  of  tuff  or  lava — some  unseat  l  i  d  by  fire,  like  those  of 
Herenlaneum  and  Pompeii ;  others  half  melted  down,  as  in  Torre  del 
Greco  ;  and  many  shattered  and  thrown  about  in  strange  confusion,  as 
in  Tripergola,  beneath  Monte  Nuovo.  Among  the  ruins  will  be  seen 
skeletons  of  men,  and  impressions  of  the  human  form  -imped  in  solid 
rof  k«  of  tutf,  Nor  will  the  siL,Mis  of  eartliquakes  be  wanting.  The  pave- 
ment of  part  of  the  Domitian  Way,  and  the  temple  of  the  Nymphs,  sub- 
mer;n?d  at  high  tide,  will  be  uncovered  at  low  water,  the  columns  re- 
mainint^  erect  and  uninjured.  Other  temples  which  had  once  sunk  down, 
like  th.'it  of  Serapis,  will  be  found  to  have  been  upraised  again  by  sub- 
sequent movements.  If  they  who  study  these  phenomena,  and  specu- 
late on  their  causes,  assume  that  there  were  periods  when  the  laws  of 
Nature  or  the  whole  course  of  natural  evento  d^red  greatly  from  those 
observed  b  their  own  time,  they  will  acarcely  hesitate  to  refer  the  woo- 
deiful  monumento  in  question' to  those  primeval  ages.  When  they  con- 
sider the  numerous  proofs  of  reiterated  cataatrophea  to  which  the  tegion 
was  snbject,  they  may,  perhape,  eommiserate  the  unhappy  late  of  beings 
condemned  to  inhabit  a  planet  during  ite  naacent  and  chaotic  state^  and 
feel  gmtefol  that  |heir  fiivorod  race  has  escaped  each  aceoea  of  anarchy 
and  misrule. 

Yet  what  was  the  real  condition  of  Campania  during  those  y^rs  of 
dire  convulaioa  2     A  climate  where  heaven'a  breath  smells  sweet  and 
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vooingly — a  vigorous  .vid  Imiaai  mtian  unpimtteled  ni  ito  proda^ 
tioos-— a  eooBi  vhich  was  onos  the  faky-hiid  of  poets,  and  the  finrorits 
retreat  of  great  men.  Evsn  the  tyraals  cf  the  crenlien  loved  tins  aOiip 
ling  region,  8par»d  H,  adorned  it»  lived  m  xt^  died  in  it*'*  The  inhahi^ 
ants,  indeed,  have  enjoyed  no  immunity  from  the  calamiUes  whieli  am 
the  lot  of  mankind ;  hut  the  prindpal  evils  which  they  have  suflbred 
must  be  attributed  to  moral,  not  to  plivsioal,  eauses — to  disastroos 
events  over  which  man  might  have  exercised  a  contn^  rather  thao  to 
the  inevitable  eatastrophcs  which  result  from  subtermnenn  ns^ney. 
When  Spartacus  encamped  hia  army  of  ten  thousand  L'l?^diators  in  the 
old  extinct  crattr  of  Vesuvius,  the  volcano  w;is  more  justly  a  stibj^'ct  of 
tfsrror  to  Campania,  than  it  has  ever  been  since  the  rekindling  of  iU  fires. 


CHAPTER  XXY. 

KTNA. 

Salsnial  j  hy^i ugiiomy  of  Etas— Lateral  cooat  Thm  roeeewive  ohUfaratiua 
Earl  J  eruptions — Monti  Rossi  ia  1669-viynPW  oveHknred  hf  lavs — FSfft  el 

Cntania  overflowed — Mo<lo  of  atlrance  of  R  rnrrfnt  of  lava — Subterranean 
caverns — Marine  strata  at  \mm  of  Etoa — Val  del  Uove  not  an  ancient  crater- 
Its  scenery — Form,  composition,  and  origin  of  the  dikes— Linear  directioo  oi 
eooea  farmed  Id  1811  and  1819— Lavas  and  hreoeias— Flood  prodooed  bj  tfao 
melting  of  snow  by  lava — Glacier  covered  by  a  lava  stream — Val  del  Bove 
Low  formed — Structure  and  oriirin  of  tlio  cone  of  "Rinii — Whether  the  inclined 
6heet«  of  lava  were  origiuaUy  liorizuntal — Aniiti^mly  of  £tnA — Whether  aigss 
of  dtlttvial  wavas  are  observable  on  Etna. 

External  phifsiognomy  cf  Eina,^J^rn»  Vesuvius,  our  most  authentic 
records  relate  to  Etna,  which  rises  near  the  sea  in  solitary  grandeur  to 
the  height  of  nearly  eleven  thousand  feetf  The  base  of  the  cone  ii 
almost  circuliir,  and  eighty-seven  Englbh  miles  in  dieumferenoe ;  hot 
if  wc  include  the  whole  district  over  whicK  its  lavas  extend,  the  civouit 
b  probably  twice  that  extent. 

Btvided  into  three  re tons. — The  cone  b  divided  by  nature  into  three 
distinct  zones,  callod  the  fertile,  the  woody^  and  the  desert  re^on?.  The 
first  of  these,  comprising  the  delightful  country  around  the  skirts  of  the 
mountain,  b  well  cultivated,  thickly  inhabited,  and  covered  with  olives, 

•  ForvytVs  Italy,  vol  H.  ' ' 

f  In  181 6.  Captain  Smyth  asoertained,  trigonometrically,  that  the  height  of  Etna 
was  10,874  feet.  The  Catanian-t,  disappointed  that  their  mountain  had  lost  nearly 
2000  feet  of  the  height  assigned  to  it  l)y  Uccupero,  refused  to  acquiesce  in  the  dea- 
•ion.  Afterwards,  m  1824,  Sir  J.  Herschel,  not  beiqp  aware  of  Captain  Smyth's 
conclusions,  determined  bvcnreful  barometrical  rnonsnrement  tliat  the  hoitrlit  wns 
10,87 feet.  Tiii^i  i>iuguLr  agreement  of  results  (iitfereully  ubtoiiked  was  spo* 
ken  of  by  Herschel  as  "  a  happy  accident but  Dr.  Wollaston  remarked  that  "it 
waa  ons  of  tiioie  aooidenta  ▼bwb  woold  not  have  happanad  to  twofiNils.* 
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fines,  corn,  fruit-trees,  and  aromatic  herhs.  Higher  up,  the  wood> 
ngM  eoeifGlea  the  moiiiitain-<-aii  eztenaiTe  forest  six  or  aofen  miles  in 
wkUi,  affindbg  pasturage  for  numeroos  floeln.  The  tvees  are  of  vaiioiis 
species^  tiio  c1i0rtaiit»oak,  and  pine  being  most  laxniiant ;  while  in  some 
tneli  are  grores  of  oork  and  beech.  Above  the  forest  is  the  desert 
ngioBy  a  iraste  of  bbwk  lava  and  sooriae ;  where^  on  a  hind  of  plaiDt 
rises  a  cone  of  eruption  to  the  height  of  about  eleven  hundred  feet,  from 
which  Bulphttreoas  vapors  are  continually  evolved. 

Cones  produced  by  iaUrtU  eruption. — The  most  grand  and  original 
i^ture  in  the  physiognomy  of  Etna  is  the  multitude  of  minor  conea 
which  are  dislribiitod  over  its  flants,  and  which  arc  most  abundant  in 
the  woody  rejrion.  These,  although  they  appr  rtr  but  trifling  irregulari- 
ties when  viewed  from  a  distance  as  sub<jrdinaL«  parts  of  so  imposing 
aad  colossal  a  mountain,  would,  nevertheless,  be  deemed  hills  of  consid- 
erable altitude  in  almost  any  other  reofion.  Without  enumerating  nu» 
merous  monticules  of  ashes  thrown  out  at  diflercut  points,  there  are 
about  eighty  of  these  secoudarj'  volcanoes,  of  considerable  dimensions  ; 
fifty-two  on  the  west  and  north,  and  twenty-seven  on  the  east  side  of 
Etna.  One  of  the  laigest,  called  Honte  Minardo,  near  Bmte,  is  up- 
wards of  700  feet  in  height,  and  a  double  hiU  near  Nioolosi,  called 
Monti  Bossi,  fioAned  in  1669,  is  450  feet  high,  and  the  base  two  miles  in 
dreamferenee ;  so  that  it  somewhat  eioeeds  in  sise  Monte  Kuoro,  be- 
fore described.  Tet  it  ranks  only  as  a  cone  of  the  seoond  magmtade 
amongst  those  produced  by  the  lateral  eroptions  of  £tna»  On  loohmg 
down  from  the  lower  borders  of  the  desert  region,  these  volcanoes  pre- 
tent  na  with  one  of  the  most  delightful  and  characteristic  scenes  in 
fion^.  They  afford  evety  variety  of  height  and  sise,  and  are  arranged 
in  beautiful  and  picturesque  groups.  However  uniform  they  may  ap- 
pear when  seen  from  the  sea,  or  the  plains  below,  nothing  can  be  more 
diversitied  than  tlieir  siiape  when  we  look  from  above  intr>  tlieir  craters, 
one  side  of  wl)icli  is  generally  broken  down.  There  are,  indeed,  tew 
objects  in  nature  more  picturesque  than  a  wooded  volcanic  crater.  Tlie 
cones  feituatc'd  in  the  higher  pails  of  the  forest  zone  are  chiefly  clothed 
with  lofty  pines ;  while  those  at  a  lower  elevatiou  are  adorned  with 
chestnuts,  oaks,  bccch,  and  holm. 

Successive  obliieratim  of  these  «ewef^The  history  of  the  eruptions  of 
Etna,  imperfect  and  interrupted  as  it  is,  affords  us,  nevertheless,  mmh 
insight  into  the  manner  m  which  the  whole  mountain  has  suceeasiTely  at> 
tuned  its  present  magnitude  and  internal  structure.  The  principal  cone 
httmore  than  oooe  fidlen  m  and  been  reproduced.  In  1444  It  was  820 
feet  high,  and  foB  in  after  the  earthquakes  of  15$7.  In  the  year  .1698, 
vhea  a  Tioleat  narthquakitt  shook  the  wliole  of  Sicily,  and  killed  sixl^ 
thousand  persons,  the  cone  lost  so  much  of  its  height,  says  Boueone, 
that  it  eouid  not  be  seen  from^sercial  pkees  in  Yaklemone,  from  which 
it  was  before  visible.  The  greater  number  of  civptaoiis  happen  cither 
from  the  great  crater,  or  from  lateral  openings  in  the  desert  region. 
When  hiJJa  are  thrown  up  in  the  middle  aone^  and  projea  beyond  the 
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general  level,  they  gradually  lose  tlieir  height  during  inbsequent  erup* 
tions ;  for  when  lava  nma  down  from  the  upper  parts  of  the  moimlaiD, 
and  enconnten  any  of  these  hHUi,  the  atream  isdivided,  and  flows  nNmd 
them  BO  as  to  elerate  the  gently  aloping  grounds  from  which  they  rise. 
In  thia  manner  a  deduction  is  often  made  at  once  of  twenty  or  tldrtf 
feet,  or  even  more,  from  their  height.  Thus,  one  of  the  minor  eonea^ 
called  Monte  Peluso,  was  diminished  in  altitude  by  a  great  lava  stream 
which  encircled  it  in  1444  ;  and  another  eunent  has  recently  taken  the 
aame  oouTse — yet  this  hill  still  remains  four  or  five  hundred  feet  high. 

There  is  a  cone  called  Monte  Nucilin  near  Kicolosi,  round  the  base  of 
which  several  successive  currents  h:i\e  flowed,  and  showers  of  ashes 
have  fallen,  since  the  time  of  history,  till  at  la.st,  during  an  eruption  in 
1636,  the  surrounding  plain  was  so  raised,  tluit  the  top  of  the  cone 
alone  was  left  projecting  above  the  general  level.  Monte  Nero,  situated 
ibove  the  Grotta  dell'  Capre,  was  in  17CC  almost  submerged  by  a  cur- 
rent :  and  Monte  Capreulu  afforded,  in  the  year  10S9,  a  curious  example 
of  one  of  the  lai>t  stages  of  obliteration  ;  for  a  lava  stream,  descending  on 
a  high  ridge  which  had  been  built  up  by  the  contmucd  superposition 
of  auccesaiye  Uvas»  flowed  directly  into  the  crater,  and  nearly  filled  it. 
The  ]ava»  therefore,  of  each  new  lateral  cone  tenda  to  detract  from  the 
relative  height  of  lower  cones  ahove  tbeur  ha&e :  ao  that  the  flanks  of 
Etna,  Blo|iiDg  with  n  gentle  mclination,  envelop  in  sttcceasion  a  great 
multitttde  of  minor  volcanoes,  while  new  ones  spring  up  from  time  to 
time. 

Sairly  trvpfiom  of  Etna. — Etna  appears  to  have  been  in  activity 
from  the  earliest  times  of  tradition  ;  for  Diodorus  Siculus  mentions  an 
eruption  which  caused  a  district  to  be  deserted  by  the  Sicani  before  the 
Trojan  war.    Thucydides  informs  m,  that  in  the  sixth  year  of  the  Pelo- 

ponnesian  war,  or  in  the  spring  of  tlie  year  425  n.  c,  a  lava  stream 
ravaged  the  environs  of  Catania,  and  this  he  says  was  the  third  eruption 
whicli  }v.\A  happened  in  Sicily  i>ince  the  colonization  of  that  island  by 
the  Greeks.*  The  second  of  the  three  eruptions,  nlluded  to  by  the  his- 
torian took  place  in  the  year  4  75  n.  c,  and  was  that  so  poetically 
d^ribed  by  Pindar,  two  years  afterwards,  in  his  first  Pytliiau  ode 

citnr 

Nii/iufffff'  Atrra,  navtrti 
Xiaios  oltiai  rtfiQVd. 

In  these  and  the  seven  venea  which  follow,  a  graphic  deseription  is 
given  of  Etna,  anoh  as  it  appeared  five  centuries  before  the  Chriatiaii 
era,  and  such  aa  it  haa  heen  seen  when  in  eruption  in  modem  times.  The 
poet  b  only  making  a  passing  allusion  to  the  Sicilian  volcano,  as  the 
mountain  under  which  Typhoeus  lay  buried,  yet  by  a  few  touches  of  his 
nuttter-hand  every  strikiiDg  feature  of  the  scene  has  been  faithfully  per* 

*  £ook  iii  at  tiM  end. 
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trayed.  We  are  told  of  "  the  snowy  Etna,  the  pillar  of  heaven — the 
nurse  of  everlasting  frost,  in  whose  deep  caverns  lie  concealed  the  foun- 
tains of  unapproachable  fire — a  stream  of  eddying  smoke  by  day — p 
bright  and  ruddy  flame  by  night ;  and  burning  rocks  rolled  down  with 
loud  uproar  into  the  sea." 

Eruption  of  1669 — Monti  Jiossi  formed. — The  great  eruption  which 
happened  in  the  year  1669  is  the  first  which  claims  particular  attention. 
An  earthquake  had  levelled  to  the  ground  all  the  houses  in  Nicolosi,  a 
town  situated  near  the  lower  margin  of  the  woody  region,  about  twenty 
miles  from  the  summit  of  Etna,  and  ten  from  the  sea  at  Catania.  Two 
gulfs  then  opened  near  that  town,  from  whence  sand  and  scoricR  were 
thrown  up  in  such  quantity,  that  in  the  course  of  three  or  four  months 
%  double  cone  was  formed,  called  Monti  Rossi,  about  450  feet  high.  But 


Fig.  46. 


Minor  cones  on  tlio  lUnkfl  of  Etna. 
1.  Uonli  li06&i,  near  Nicolosi,  formed  in  1609.  3.  Vampeliuof* 

the  most  extraordinary  phenomenon  occurred  at  the  commencement  of 
the  convulsion  in  the  plain  of  S.  Lio.  A  fissure  six  feet  broad,  and  of 
unknown  depth,  opened  with  a  loud  crash,  and  ran  in  a  somewhat  tor- 
tuous course  to  within  a  mile  of  the  summit  of  Etna.  Its  direction  was 
from  north  to  south,  and  its  length  twelve  miles.  It  emitted  a  most 
vivid  light.  Five  other  parallel  fissures  of  considerable  length  after- 
wards opened,  one  after  the  other,  and  emitted  smoke,  and  gave  out  bel- 
lowing sounds  which  were  heard  at  the  distance  of  forty  miles.  This 
case  seems  to  present  the  geologist  with  an  illustration  of  the  manner  in 
which  those  continuous  dikes  of  vertical  porphyry  were  formed,  which 
are  seen  to  traverse  some  of  the  older  lavas  of  Etna ;  for  the  light  emit- 
ted from  the  great  rent  of  S.  Lio  appears  to  indicate  that  the  fissure  was 
filled  to  a  certain  height  with  incandescent  lava,  probably  to  the  height 
of  an  orifice  not  far  distant  from  Monti  Rossi,  which  at  that  time  opened 
and  poured  out  a  lava  current.    When  the  melted  matter  in  such  a  rent 

•  The  bill  •which  I  have  here  introduced  was  called  by  my  guide  VflmfK)lara, 
but  the  name  given  in  the  toxt  ia  the  nearest  to  this  which  I  find  in  Gemmellaro's 
Catalogue  of  Minor  Cooes. 
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has  flooled,  it  must  beoome  a  solid  wall  or  dike,  intoaeotuig  the  oM«r 
Tooka  of  which  the  iaoimtain  is  ooniposed ;  aimikur  tenta  bave  been 
observed  duriDg  subsequent  eruptions,  as  in  1832,  when  they  taa  in  all 
directions  from  the  centre  of  the  volcano.    It  has  been  jusUjr  femailrad 

by  M.  £lie  de  Beaumont,  that  such  star-shaped  fractures  may  indieata 

a  slight  uplieaval  of  the  whole  of  Etnn,  They  may  be  the  sigTis  of  the 
stretching  of  the  massy  which  may  thus  be  laised  gradually  by  a  force 
from  below.* 

The  lava  current  of  1669,  before  alluded  to,  soon  reached  in  its  cour-c 
a  minor  cone  called  Momj>iliere,  at  the  base  of  which  it  entered  a  sub- 
terranean grotto,  comiimuii  atitK'  with  n  suite  of  those  caverns  which  are 
80  common  in  the  lavas  of  E(,iia.  iiere  li  appears  to  nave  melted  down 
some  of  the  vaulted  foundations  of  the  hill,  so  Uiat  the  whole  of  that 
eolie  1}eGame  slightly  depressed  and  travened  by  nnnieiooa  opea  iis* 
suns. 

Port  of  OaknUa  deairoi^, — The  laTa,  after  overflowing  fourleea 
towns  and  villages,  some  having  a  population  of  between  three  and  four 
thousand  mhabitattts»  arrived  at  length  at  the  walls  of  Catania.  These 
had  been  purposely  laised  to  protect  the  city ;  but  the  burning  flood 
accumulated  till  it  rose  to  the  top  of  the  rampart,  which  was  sixty  feet 
in  height^  and  then  it  fell  in  a  fiery  cascade  and  overwhelmed  part  of  the 
dty.  The  wall,  however,  waa  not  thrown  down,  but  was  dncovevsd 
long  afterwards  by  excavations  made  in  the  rock  by  the  Pnnce  of  Bis> 
cari;  so  that  the  traveller  mav  now  sec  the  solid  lava  curling  over  the 
top  of  the  rampart  as  if  still  m  tiie  very  art  of  fullin;.^. 

This  great  current  performed  the  first  thirteen  miles  of  its  course  ia 
twenty  days,  or  at  the  rate  of  1G2  feet  per  hour,  but  retjuircd  iweniy- 
thrce  days  for  the  last  two  miles,  giving  a  velocity  of  only  twenty-two 
feet  per  hour;  and  we  learn  from  Dolomieu  thai,  the  stream  moved 
during"  part  of  its  coui*sc  at  the  rate  of  1500  feet  an  hour,  and  in  others 
it  took  several  days  to  cover  a  few  yards.f  When  it  entered  the  sea  it 
was  still  six  hundred  yards  brood,  and  forty  feet  deep.  It  coversd  aoms  < 
territoriee  in  the  envuons  of  Catania  which  had  never  before  been  vidted 
by  the  ^vas  of  Etna.  While  movmg  on»  its  surface  waa  in  genenl  a 
jnaas  of  solid  rock;  and  its  mode  of  advancing,  aa  is  usual  with  lava 
Btxeama,  waa  by  the  occasional  flaauring  of  ths  solid  walls.  A  gentk> 
man  of  Catania,  named  Pappalardo,  desiring  to  secure  the  city  from  the 
approach  of  the  threatening  torrent,  went  out  with  a  party  of  fifty  mea 
whom  he  had  dressed  in  skins  to  protect  them  from  the  he>at,  and  armed 
with  iron  cro|va  and  hooks.  They  broke  open  one  of  the  solid  walls 
which  flanked  the  current  near  Belpasso,  and  immediately  forth  issued 
a  rivulet  of  melted  matter  which  took  the  direction  of  Patern6  ;  but  the 
inhabitants  of  that  town,  being  alarmed  for  their  safety,  took  up  arms 
and  put  a  stop  to  farther  operations.^ 

*  Mdm.  poor  •ervir,      tooL  ir.  p.  116. 

f  Seo  Pruf.  J.  D.  Forb€«>,  Phil.  Traoa  1846^  p  158, 00  Yslodty  of  lava. 
X  Fcrrara,  Deacris.  dell'  £tiia,  p.  108. 
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As  aDo4faer  iUusfcialioa  of  the  aolidit^  of  the  wall^of  «&  advaadii^ 
Im  sUcun,  I  nay  menlioD  an  adventnre .  related  by  Beeapero^  who,  in 
17G6,  had  aaeeoded  a  small  hill  formed  of  aneieat  Tcleanic  matter,  to 

behold  the  slow  and  gradual  ^iproach  of  a  fiery  current^  tvo  miles  and 
ahelf  broad;  when  suddenly  two  small  threads  of  liquid  matter  iseaiog 
froB  a  ererice  detached  themselves  from  the  main  stream,  and  ran  rap- 
idly  towards  the  hill.  He  and  his  guide  had  just  time  to  escape,  when 
lliey  saw  thf^  hill,  which  was  fifty  feet  in  hcii:^ht,  surrounded,  and  in  a 
quarter  of  an  hour  melted  down  into  the  burning  mass,  so  as  to  flow  on 
with  it. 

But  it  must  not  be  .supposed  that  this  complelt^  fusion  of  rocky  matter 
wming  in  roiuiK  t  with  lava  is  of  universal,  or  even  common,  occurrence. 
It  probably  iiappens  when  fresh  portions  of  incandescent  matter  come 
succ^vely  in  contact  with  fusible  materials.  In  many  of  the  dikes 
wtaeh  intersect  the  tuffis  and  lavas  of  Etna,  there  is  scarcely  any  percep- 
tible akoation  effected  by  heat  oa  the  edges  of  the  horiiontal  beds,  in 
eoBtaet  with  the  Terlieal  and  more  dysteUine  mass.  On  the  side  of 
Motapiliere^  one  of  the  towns  oveiflowed  in  the  great  eruption  above 
dcNfibedy  an  exeavation  iraa  made  in  1704 ;  and  by  immense  labor  the 
vofanen  reached,  at  the  depth  of  thirty*five  feet,  the  gate- of  the  prin- 
cipal ehnrehy  ireie  there  were  three  statues*  held  in  high  Teneration. 
One  of  tliese,  together  with  a  bell,  some  money,  and  other  articles,  were 
extracted  in  a  good  state  of  preservation  from  beneath  a  great  arch 
kmed  by  the  lava.  It  seems  very  extraordinary  that  any  worla  of  art, 
not  encased  with  tuff,  like  those  in  Herculaneum,  should  have  escaped 
fusion  in  hollow  spaces  left  open  in  this  lava-current,  which  was  so  hot 
at  Catania  eight  years  after  it  entered  the  town,  that  it  was  impossible 
to  hold  the  hand  in  some  of  the  crevices. 

Suht'  r !-((/! eau  caverns  on  Etna. — Mention  was  made  of  the  entrance 
of  a  lav.i-aueara  into  a  subterranean  grotto,  whereby  th-e  foundations  of 
a  hiU  were  partially  undermined.    Such  underground  passages  are  among 
the  roost  curious  features  on  Etna,  and  appear  to  have  been  produced  by 
the  hardeoing  of  the  lava,  during  the  escape  of  great  volumes  of  elastic 
flaids,  which  are  often  discharged  for  many  days  in  succession,  after  the 
criai  of  the  eruption  is  over.  Near  Nicolosi,  not  far  from,  Monti  Rossi, 
eoe  of  these  great  openings  may  be  seen,  called  the  Fossa  della  Palom- 
h^  025  ieet  in  circumference  at^  its  mouth,  and  seventy-eight  deep. 
After  •reaeiiing  the  bottom  of  this,  we  enter  another  dark  cavity,  and 
then  others  in  8ueeessicii>  sometimes  descending  precipices  by  means  of 
Isddeis.   At  length  the  vaults  terminate  in  a  great  gallery  .ninety  feet 
Vng^  and  from  fifteen  to  fifty  broad,  beyond  which  there  is  still  a  pas* 
segs^  never  yet  explored ;  so  tliat  the  extent  of  these  eayenis  remains 
unknown.*   The  walls  and  roofs  of  these  great  vaulta  are  composed  of 
rou!?h  and  bristling  scoriap,  of  the  most  fantastic  forms. 
ManM  $irata  at  bate  of  £tna, — ^If  wo  skirt  the  fertile  region  at  the 


•  Fenara,  DeMris.  dell'  Etna.  Faimao,  1818. 
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base  of  Etna  on  its  southern  and  eastern  aides*  ire  behold  marine  stratp. 
of  clay  sand,  and  volcanic  tuflf,  cropping  out  from  beneath  the  modem 
laras.  The  marine  fossil  shells  oecurring  in  these  strata  arc  allof  Uieai» 
or  nearly  all,  identical  with  species  now  inhabiting  the  Mediterranean ; 
and  as  they  appear  at  the  height  of  from  600  to  800  feet  above  the  sea 
11'  ar  Catania,  they  clearly  prove  that  there  has  been  in  this  region,  as  in 
other  parts  of  Sicily  fiirther  to  the  south,  nn  upward  raorement  of  the 
ancient  bed  of  the  sea.  It  is  fair,  therefore,  to  infer  that  the  whole 
mountain,  with  the  exception  of  those  parts  which  are  of  very  modem 
origin,  has  participated  in  this  upheaval. 

If  we  view  Luui  from  the  south,  we  see  the  marine  deposit^j  above 
alloded  to,  forming  a  low  line  of  hills  (e,  Fig.  4  <),  or  a  steep  inlaod 
slope  or  cliff  (/),  as  in  the  annexed  drawing  taken  from  the  limeitooe 
phUfoim  of  Primoflole.  It  should  be  observed  however,  in  leferenfie  to 
this  view,  that  the  height  of  the  volcanic  cone  is  ten  times  greater  than 
the  hills  at  its  base  {e,  e),  although  it  appears  less  elevated,  bessnse  the 
I  summit  of  the  cone  is  ten  or  twelve  times  more  distsnt  from  the  plsb  of 
Catania  than  is  licodia. 

Fig.  47. 


Ti«w  of  £Um  ftwa  tbe  fanuntt  of  tb«  UoMitono  plaUbrm  of  rritno«ol«. 

di»  HlgiMrt  cone.  A,  Moatagnook, 

9,  MoDto  Minardo,  with  smaller  laUnd  eonw  above. 
,  TowD  of  Lioodlft  dol  llooacL 

c,  IfariDo  ftwnutloii  cttM  flreti^ai|lllMeoittaadMuu|f  ImA*  wMh  ft  ftvdMlI^aad 

/  KceRrpmeDt  of  itntilled  iii1)M|iieoiif  Totcaale  taS;  Ae.,  B0iiliw««(  «r  CtltudM. 
g.  Town  of  Catania. 

A  /.  Dotted  line  expressing  tlie  bigbest  boaadary  lOong  wbkh  tfao  imulM  ttnta 

ally  n'on. 

k,  Plain  ofCdtanlii, 

/,  Liino«.tono  pliitfurin  of 

«n,  La  Motts  <ii  Catania. 

The  mountain  is  in  general  of  a  very  symmetrical  form,  a  flattened 
cone  broken  on  its  eastern  side,  by  a  deep  valley,  called  the  ^  '^♦'^ 
Bovc,  or  in  the  provincial  dialect  of  the  peasants* "  Val  di  Bu6,"  for  here 
the  herdsman 

**in  reductft.  vnlle  mugienUutn 
Prospeelat  «motes  gregfl&* 

Dr.  Buckland  was.  I  believe,  the  tirst  Englbh  rreologist  who  exam^ 
this  valley  with  attention,  and  I  am  indebted  to  huu  lor  having  descnoW 
it  to  me,  before  I  visited  Sicily,  as  more  worthy  of  attention  than  ftDV 
single  spot  in  that  island,  or  perhaps  in  lluropc. 

The  Val  del  Bove  communcts  near  the  bumuuL  ui  Etna,  and ' 
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ing  into  the  woody  region,  is  farther  continued  on  one  side  by  a  second 
ttid  nanower  Talloy,  called  the  Val  di  Calanna.  Below  this  another, 
named  the  Val  di  St.  Oiaoomo,  begins, — a  long  narrow  ravine,  which 
is  piokmged  to  the  neighborhood  of  Zaflhnma  {e,  6g.  48),  on  the  confines 
of  the  fertile  region.  These  natural  indnons  into  the  of  the  Tolca- 
Qo  are  of  aacb  depth  that  tbej  expose  to  view  a  great  part  of  the  Btrae- 


Great  vallcjr  oa  tbo  cast  «ido  of  Etoa. 
'I,  llii.'h.->t  .-..ni'.  b,  Monburnool., 

c\  lii  n  l  of  Vii!  (Il  l  r.i)\c.  d,  </,  Serre  tlcl  >olli2io. 

f,  Viu.MZ'^  <>t  Zirt  iniii  i,  on  tlMlowtf  borilir  ofth*  woodlfNgloa. 
^  0»«  uf  tbo  Uieral  cones.  g,  Monti  lioMl. 

tore  of  the  entire  mass,  which,  in  the  Val  del  Bove^  is  laid  open  to  the 
depth  of  from  8000  to  above  4000  feet  from  the  summit  of  Etna.  The 
geologist  thus  enjoys  an  opportunity  of  ascertaining  how  far  the  internal 

confoi-mation  of  the  cone  corresponds  with  what  he  might  hare  antici- 
pated as  the  result  of  that  mode  of  increase  which  has  been  witnessed 
during  the  historical  era. 

Descri'ptlon  of  Plate  III. — The  accompanying  view  (PI.  III.)  is  pari 
of  -i  p'lTioraraic  sketch  which  I  made  in  November,  1828,  and  may  assist 
the  reader  in  comprehending  some  topographical  details  to  be  alluded 
to  in  tbi  soquel,  although  it  can  convey  no  idea  of  the  picturesque 
grandeur  of  the  scene. 

The  grtaL  lava-currents  of  1819  and  1811  are  seen  pouring  down 
from  the  liigher  parts  of  the  valley,  overrunning  the  forests  of  the  great 
plain,  and  rising  up  in  the  foreground  on  the  left  with  a  rugged  surface, 
on  whieb  many  biUocIn  and  depressions  appear,  such  as  often  chaniC' 
terae  a  lAva-current  immediately  after  its  consolidattoii. 

The  small  cone.  No.  1,  waa  fonned  in  1811,  and  was  still  smoldng 
when  I  saw  it  in  1828.  The  other  small  Tolcano  to  the  left,  from  which 
?apor  b  issuing,  was,  I  believe,  one  of  those  formed  in  1810. 

The  following  are  the  names  of  some  of  the  other  points  indicated  in 
the  sketch : — 

1,  Moaiagnuftiii.  6,  Finocchioi  0,  Musara. 

2,  Torre  del  Filosofa         6,  C'tpro.  10,  Zocolaro. 

9,  HigliMt  cone.  Cone  of  1811.  11,  Rocca  di  Oslaima. 

4^  XfljpfS.  8,  Gima  dol  Aaina 

De^cnptkn  i^  Plate  IV. — The  second  view  (PI.  IV.)  represents  the 
same  valley  as  seen  from  above,  or  looking  directly  down  the  Val  del 
Bove»  from  the  aommit  of  the  principal  crater  formed  in  1819.*  I  am 

•  Thi«  view  ia  taken  from  a  sketch  mado  by  Mr.  James  Bridge  corrected  after 
MiDparisoD  with  several  tketches  of  my  own. 
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unable  to  point  out  the  prodae  spot  wbidi  this  ciator  would  occupy  in 

the  view  represented  in  Plate  III. ;  but  I  conceive  that  it  would  appear ' 
in  the  face  of  the  great  precipice,  near  which  the  smoke  i-sui  il;  from 
the  cone  No.  7  is  made  to  terminate.   There  are  many  ledges  of  lock 

on  the  face  of  that  precipice  where  eruptions  have  occurred. 

The  circular  form  of  the  Yal  del  Bove  is  well  shown  in  ibis  view. 
(PI.  IV,)  To  the  rii^ht  and  left  are  the  lofty  precipices  which  form  tlia 
southern  and  northern  sides  of  the  great  valley,  and  which  are  inter- 
sected by  dikes  projecting  in  the  manner  afterwards  to  be  described. 
In  the  distance  appears  the  *'  fertile  region"  of  Etna,  extending  like  a 
great  plain  along  the  sea-coast. 

The  spots  particularly  referred  to  in  the  plate  are  the  following : — 

a.  Cape  SpsrtiTento^  in  Italy,  of  which  the  outline  is  leen  in  the  <ytlsncie. 

h.  The  pruraontory  of  TMrmino^  00  the  Sidlisn  eoMt 

t.  The  river  Alcantra. 

J,  The  small  village  of  Riposta 

f,  The  town  of  Aci  Roalo. 

fj,  Cvclopian  islands,  or  "  Foraglioni,"  in  the  Bay  of  Trezza. 
A«  llie  ^at  harbor  of  Syraeoae. 

Tlie  Lake  of  Lcntnii. 
f,  The  city  of  Uatauia,  near  which  b  marked  the  course  of  the  lava  which  flowed 

from  the  Honti  Roen  in  1669,  and  destroyed  part  of  the  oitj. 
I,  To  the  left  of  the  yiew  ia  the  enter  of  1811,  which  is  abo  diowa  st  Ka  9  hi 

rkte  III. 

IN,  Bock  of  Hnaara,  sIbo  seen  at  Na  9  lUiFlate  IIL 
Valley  of  OshuMUk 

The  Val  del  Bove  is  of  truly  magnificent  dimensions,  a  vast  amphi- 
iheatre  four  or  five  miles  in  diameter,  «^urrnunded  by  nearly  vertical 
precipices,  varying  from  1000  to  abovp  niHiu  feet  in  height,  the  loftiest 
being  at  the  upper  end,  and  the  lieiglit  gradually  diminishinj^  on  both 
sides.  The  feature  which  Hrst  strikes  the  gt^olonrist  as  Jisiing'uij'hin'T: 
the  bouj.dary  clitTs  of  this  valley,  is  the  prodigious  imihitiide  of  verticle 
dikes  which  ate  seen  in  all  directions  traversint;  the  volc^mic  beds.  The 
circular  form  of  this  great  cha^m,  and  the  occurrence  of  these  countless 
dikes,  amounting  perhaps  to  sererol  thousands  in  number,  so  forcibly 
recalled  to  m7.mind  tlie  phenomena  of  the  Atrio  del  Oavallo,  on  Yesaviiis, 
thatlatfiitt  fanai^ned  that  I  had  entered  avast  crater,  on  a  scale  as 
far  exceeding  that  of  Somma,  as  Etna  surpasses  Vesuvius  in  magnitode. 

Bat  I  was  soon  undeceived  when  I  had  attentively  explored  the  dif- 
ferent sides  of  the  great  amphitheatre,  in  order  to  satisfy  myself  whether 
the  semicircular  wall  of  the  Val  del  Bove  had  ever  formed  the  boundary 
of  a  crater,  and  whether  the  beds  had  the  same  qu&qu&«vetsal  dip 
which  is  so  beautifully  exhibited  in  the  escarpment  of  Scmma.  Had 
the  supposed  analogy  between  Somraa  and  tiie  Val  del  Bove  held  true, 
the  tufts  and  lavas  at  the  head  of  the  valley  would  have  dipped  to  the 
west,  those  on  the  north  side  tcvvards  the  north,  and  those  on  the 
southern  side  to  the  south.  But  such  I  did  not  find  to  be  the  inclina- 
tion of  the  beds ;  they  alj  dip  towards  the  sea,  or  nearly  east,  as  in  the 
valleys- of  St.  Oiacomo  and  Calanna  below. 
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Scmery  of  the  Val  del  Bove. — Let  the  reader  picture  to  liimself  f 
kuge  amphitheatre,  five  miles  in  diameter,  and  surrounded  on  three  sides 
by  precipices  from  2000  to  3000  feet  in  height.  If  he  lias  l>e!ield  that 
most  picturesque  scene  in  the  chnin  of  the  Pyrenees,  the  rf  It  !  nited 
"cirque  of  Gavarnie,"  he  may  form  some  conception  (jf  th'*  ma'^nihcent 
circle  of  precipitous  rocks  which  inclose,  on  three  sid*  -^,  ih''  i^rr  ii  j)hiin 
of  the  Val  del  Bove.  This  plain  has  been  deluged  by  repeated  streams 
of  lava;  and  although  it  appears  almost  level,  when  viewed  frma  a  dis- 
tance^ it  is,  in  fact,  more  uneven  Uum  ihe  surface  of  the  most  tempestuous 
sea.  Boiiides  the  minor  iircgularities  of  the  lava,  the  valley  is  in  one 
part  interrupted  by  a  ridge  of  rocks,  two  of  wbicb,  Musara  and  Capra, 
are  yery  promuient.   It  «an  hardly  be  said  that  they 

 —  •  Uke  giants  stand 

To  Mntmttl  AneliaiitMi  land 

for  althouc^h,  like  the  Trosachs,  in  the  Highlands  of  Scotland,  they  are  of 
gigantic  dimensions,  and  appear  almost  isolated,  as  seen  from  many  points, 
yet  the  stern  and  severe  grandeur  of  the  scenery  which  they  adorn  is 
cot  such  as  would  be  selected  by  a  poet  for  a  vale  of  enchantment.  The 
character  of  the  scene  would  accord  far  better  with  Milton's  picture  of 
the  infernal  woi  Id  ,  ami  if  we  imagine  ourselves  to  behold  in  motion,  in 
the  darkness  of  the  night,  one  of  those  iieiy  currentjs  which  have  so  olOen 
traversed  the  great  valley,  we  may  well  recall 

 *yoB  dreary  pkin,  forlorn  and  wild. 

Till'  ^eiit  of  desolation,  void  of  lit,'lit, 

8ave  what  the  glimmering  of  tbcsd  livid  flaiSM 

Cm\A  pale  and  dreadful"  . 

The  fiiee  of  the  precipices  already  mentioned  is  broken  m  the  most 
pictm«aque  manner  by  the  vertical  walb  of  lava  which  tmTene  them. 
These  masses  usually  stand  out  in  relief,  are  exceedii^ly  diversified  in 
fonn,  and  of  immense  altitide.   In'the  antomn,  theur  Uaek  outline  may 

often  be  seen  relieved  by  douds  of  fleecy  vapor  which  settle  behind 
tbem,  and  do  not  disperse  until  mid-day,  continuing  to  fill  the  valley 
while  the  sun  is  shining  on  every  other  part  of  Sicily,  and  on  the  higher 
regioos  of  Etna. 

As  soon  as  the  vapors  begin  to  rise,  the  changes  of  scene  are  varied 
in  the  highest  degree,  different  rocks  being  unveiled  and  hidden  by  turns, 
and  the  summit  of  Etna  often  l>r«^ikinfr  throutrh  the  clouds  for  a  moment 
with  its  dazzling  snows,  and  bemg  then  as  suddenly  withdrawn  from 
the  view. 

An  unusual  silence  prevails  ;  for  there  are  no  torrents  dashing  from 
the  rocks,  nor  any  movement  of  nmning  water  in  this  valley  sucii  as  may 
almost  invariably  be  heard  in  mountamous  regions.  Every  droj)  of  water 
that  falls  from  the  heavens,  or  flows  from  the  meltmg  ice  and  snow,  is 
instantly  absorbed  by  the  porona  lava;  and  such  is  the  dearth  of  springs, 
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that  the  herdsman  is  compelled  to  supply  his  flocks,  during  the  hot  season, 
from  stores  of  snow  laid  up  in  hollows  of  the  mountain  during  winter. 

The  strips  of  green  herbage  and  forest  land,  which  have  here  and  there 
escaped  the  burning  lavas,  serve,  by  contrast,  to  heighten  the  desolation 
of  the  scene.  When  I  visited  the  valley,  nine  years  after  the  eruption  of 
1819,  I  saw  hundreds  of  trees,  or  rather  the  white  skeletons  of  trees,  on 
tlic  bordere  of  the  black  lava,  the  trunks  and  branches  being  all  leafless, 
and  deprived  of  their  bark  by  the  scorching  heat  emitted  from  the  melt- 
ed rock ;  an  image  recalling  those  beautiful  Unes  : — 

■  "  As  when  heaven's  fire 

Hath  scath'd  the  forest  oiiks,  or  mountain  pines, 
With  singed  top  their  stately  growth,  though  bare, 
Stands  on  the  blasted  heath." 

Form,  composition,  and  origin  of  the  dikes. — But  without  indulging 
the  imagination  any  longer  in  descriptions  of  scenery,  I  may  obser\e  that 
the  dikes  before  mentioned  form  unquestionably  the  most  interesting 
geological  phenomenon  in  the  Val  del  Bove.  Some  of  these  are  composed 
of  trachyte,  others  of  compact  blue  basalt  with  olivine.  They  vary  in 
breadth  from  two  to  twenty  feet  and  upwards,  and  usually  project  from 
the  face  of  the  cliffs,  as  represented  in  the  annexed  drawing  (fig.  49). 


Fig.  49. 


Dikes  at  ttio  base  of  tbo  Scrro  del  Soltlzlo,  Etna. 


Tliey  consist  of  harder  materials  than  the  strata  which  they  traverse,  and 
therefore  waste  away  less  rapidly  under  the  influence  of  that  repeated 
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congelation  and  thawing  to  which  the  rocks  in  this  zone  of  Etna  are  ex- 
poaed.  The  dikes  are  for  the  most  part  verticul,  but  sometimes  thej 
run  ia  a  tortuous  course  through  the  tuSs  and  breccias^  as  represented 
in  dg.  AO.  In  the  escarpment  of  Somma,  where  nnuhr  walls  of  kva  cut 
Ihtoqgh  altentttiiig  beds  of  sand  and  acone,  a  coating  of  cod-black  xoek» 
approBohmg  in  its  nature  and  appeainnoe  to  pitehatone,  is  aeen  at  the 
contact  of  the  dike  with  the  interaecled  beds.  I  did  not  observe  such 
parting  lajets  at  the  junetioit  of  the  Etncan  dikes  which  I  ezamined,  M 
thef  may  perhaps  be  diseoveiable. 


Tortnoos  Teliu  of  Uv»  at  Poato  <Ii  Giameoto,  £ttuk 

• 

The  geographical  position  of  these  dikes  b  most  interesting,  as  thej 
aie  mj  nvmcrons  nesr  the  head  of  the  Val  del  Bove,  where  the  cones 
of  1811  and  1810  were  thrown  up,  as  also  in  that  zone  of  the  monotaic 

where  lateral  eruptions  are  frequent ;  whereas  in  the  valley  of  Calanna, 
which  is  below  that  parallel,  ancL  in  a  region  where  lateral  eruptions  art 
exfaremely  rare,  scarcely  any  dikes  are  seen,  and  none  whatever  still  lowei 
in  the  valley  of  St.  Giacomo.  This  is  precisely  what  we  might  have 
expected,  if  we  consider  the  vertical  fissures  now  filled  with  rock  to  have 
been  the  feeders  of  lateral  cones,  or,  in  other  words,  the  channels  which 
gave  pa^saife  to  the  lava-currents  and  scoriae  that  have  issued  from  vent* 
m  the  fore>t  zone.  In  other  parts  ui  Ktna  there  may  be  numerous  dikes 
at  as  low  a  level  a-i  the  Valley  of  Calanna,  because  the  line  of  lateral 
emptiou^  is  not  everywhere  at  the  same  height  above  the  sea ;  but  in 
the  section  above  alluded  to,  there  appeared  to  me  an  obvious  coanec* 
tbn  between  the  frequency  of  dikes  and  of  lateral  eruptions. 

Some  fissures  may  have  been  fitted  from  above,  but  I  did  not  see  any 
which,  by  terminating  downwards,  gave  pit>of  of  such  an  origin.  Almost 
aU  the  isolated  masses  in  the  Val  del  Bove,  such  as  Capru,  Musara,  and 
others,  are  traversed  by  dikes,  and  may,  perhaps,  have  partly  owed  their 
preservation  to  that  circumstance,  if  at  least  the  action  of  occasional 
fioods  has  been  one  of  the  destroymg  causes  in  the  Val  del  Bove ;  for 
there  is  nothing  which  affords  so  much  protection  to  amass  of  strata 
against  the  undermining  actioa  of  running  water  as  a  perpendicular  dike 
of  haidrock. 
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In  the  accompanying  drawing  (fig.  51),  the  flowing  of  the  lavas  of 
1811  and  1819,  between  the  rocks  Finochio.  Capra,  and  Mosara,  is  rep- 
resented. The  height  of  the  two  last-mentioned  isolated  masses  has 
been  much  diminished  by  the  elevation  of  their  base,  caused  by  these 
currents.  They  may,  perhaps,  be  the  remnants  of  lateral  cones  which 
existed  before  the  Val  del  Bove  was  formed,  and  may  hereafter  be  once 
more  buried  by  the  lavas  that  are  now  accumulating  in  the  valley. 


Fijr.  5t 


View  oftho  rocks  Finochio,  Capra,  and  MuMra,  Val  del  Bove. 


From  no  point  of  view  are  the  dikes  more  conspicuous  than  from  the 
suiirait  of  the  highest  cone  of  Etna ;  a  view  of  some  of  them  is  given  in 
the  annexed  drawing.    (Fig.  52.)  ' 

Eruption  of  1811. — I  have  alluded  to  the  streams  of  lava  which  were 
poured  forth  in  iSJl  and  1819.  Gemmellaro,  who  witnessed  these 
eruptions,  informs  us  that  the  great  crater  in  1811  first  testified  by  its 
loud  detonations  that  a  column  of  lava  had  ascended  to  near  the  summit 
of  the  mounUun.  A  violent  shock  was  then  felt,  and  a  siream  broke  out 
from  the  side  of  the  cone,  at  no  great  distance  from  \i?  apex.  Shortly 
after  this  had  ceased  to  flow,  a  second  stream  burst  forth  at  another 
opening,  considerably  below  the  first ;  then  a  third  still  lower,  and  so  on 
till  seven  different  issues  had  been  thus  successively  formed,  all  lying 
upon  the  same  straight  line.  It  has  been  supposed  that  this  line  was  a 
perpendicular  rent  in  the  internal  framework  of  the  mountain,  which  rent 
was  probably  not  produced  at  one  shock,  but  prolonged  successively 
downwards,  by  the  lateral  pressure  and  intense  heat  of  the  internal  col- 
umn of  lava,  as  it  subsided  by  gradual  discharge  through  each  vent* 

Eruptior.  of  1819. — In  1819  three  large  mouths  or  caverns  opened 
very  near  thr^se  which  were  formed  in  the  eruptions  of  181 1,  from  which 
flames,  red-h/>t  cinders,  and  sand  were  thrown  up  with  loud  explosions. 
A.  few  minutes  ti'terwards  another  mouth  opened  below,  from  which 

•  Scrope  on  Volcanoos,  p.  168.  ' 
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.   ,  Fig.  52. 


VioTT  from  the  samralt  of  Etna  Into  Uie  Val  del  Bove  * 


dames  and  smoke  issued ;  and  finally  a  fifth,  lower  still,  whence  a  tor- 
rent of  lava  flowed,  which  spread  itself  with  great  velocity  over  the 
deep  and  broad  valley  called  Val  del  Bove."  This  stream  flowed  two 
miles  in  the  first  twenty-four  hours,  and  nearly  as  far  in  the  succeeding 
day  and  night.  The  three  original  mouths  at  length  united  into  one 
large  crater,  and  sent  forth  lava,  as  did  the  inferior  apertures,  so  that  an 
enormous  torrent  poured  down  the  "  Val  del  Bove."  When  it  arrived 
at  a  \'ast  and  almost  perpendicular  precipice,  at  the  head  of  the  Valley 
of  Calanna,  it  poured  over  in  a  cascade,  and,  being  hardened  in  its  de- 
scent, made  an  inconceivable  crash  as  it  was  dashed  against  the  bottom. 
So  immense  was  the  column  of  dust  raised  by  the  abrasion  of  the  tufa- 
ceous  hill  over  which  the  hardened  mass  descended,  that  the  Cataniana 
were  in  great  alarm,  supposing  a  new  eruption  to  have  burst  out  in  the 
woody  region,  exceeding  in  violence  that  near  the  summit  of  Etna. 

Mode  of  advance  of  the  lava. — Of  the  cones  thrown  up  during  this 
eruption^  not  more  than  two  are  of  sufficient  magnitude  to  be  num- 
bered among  those  eighty  which  were  before  described  as  adorning  the 
flanks  of  Etna.  The  surface  of  the  lava  which  deluged  the  '*  \a\  del 
Bove,'*  consists  of  rocky  and  angular  blocks,  tossed  together  in  the 

•  Tbi«  dfftwinj?  is  part  of  a  panoramic  sketch  which  I  made  from  the  summit 
of  the  cooe,  December  1,  1828,  when  every  part  of  Etna  was  free  frf)m  clouds 
except  the  Val  del  Bove.  The  small  cone,  and  the  crater  nearest  the  foreground, 
were  among  tho«e  formed  during  the  eruptions  of  1810  and  1811. 
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tttmiMi  diflorder.  NoUung  can  lie  mora  ragged^  or  mora 
smooth  and  mil  supeifides,  ▼hich  those  who  ara  mttoquarated  irith 
TokMunic  coontrios  may  have  pietoxed  to  themralTes,  m  a  mass  of  inai* 
ter  vhieh  had  oonsolidated  from  a  liqttid  state.  Mr.  Sciope  obseived 
ibis  cmrent  m  the  year  1819,  slowly  advancing  down  a  considerable 
slope,  at  the  thifi  of  about  a  yard  an  hour,  nine  months  aft^r  its  emis-. 
saoD.  The  hnrer  stratum  being  arrested  by  the  resistance  of  the  gnMUid» 
the  upper  or  central  part  gradually  protruded  itself,  and,  being  unsup- 
ported, fell  down.  This  in  its  turn  was  covered  by  a  mass  of  more 
liquid  l:iv;i,  uhirh  swelled  over  it  frnm  above.  The  cuiTent  had  all  the 
appearance  of  a  huge  heap  of  rouLrii  nul  large  cindei^  roUing  over  and 
over  upon  iUself  by  the  effect  of  an  extrenoiely  slow  propulsion  from 
behind.  The  contraction  of  the  crust  as  it  solidified,  and  the  friciioa 
of  the  scoriforni  cakes  ajrainst  one  another,  produced  a  cracklinnf  sound. 
\\  iLhiii  die  crevices  u  dull  red  heat  might  be  seen  by  night,  uud  vapor 
issuing  in  considerable  quantity  was  visible  by  day.* 

It  was  stated  that  when  the  lava  of  1819  arrived  at  the  head  of  the 
Valley  of  Cahmna,  aflter  flowing  down  the  Val  del  Bove,  it  descended 
in  a  cascade.  This  stream,  in  fact,  like  many  previotis  cnirents  ef 
lava  which  have  Jowed  down  successively  from  the  higher  regioDs  of 
Etna,  was  turned  by  a  great  promontoiy  projecting  from  the  sontbera 
side  of  the  Yal  del  Bove.  This  promontory  consists  of  the  hills  cslkd 
Zooolaro  and  Calanna,  and  of  a  ridge  of  inferior  height  which  connects 
them.   (See  fig.  58.) 


B,  Moat*  dl  OdMinib 


A,  7.- '<••)]  :iT'K 

I'liiill  :it  till-'  IifAil  of  tlic  V.illi'V  <»f  <"'.•! hiriTi A. 

b,  LuViui  t>X  iciU  uiid  IsVJ  iiowju^  ruuuii  lUt*  liiil     t  '-itUntiM. 


It  ha^^pcned  in  1811  and  1819  that  the  flows  of  lava  ovenoppo 
ndge  iDtervening  between  the  hills  of  Zooolaro  and  Ca)anns,i^  ..  ^ 
they  fell  in  a  cascade  over  a  lofty  precipice,  and  hegan  to  fifl  1^^ 
valley  of  Calanna  (a,  fig.  53).    Other  portions  of  the  same  hmHM^^°^ 
(5)  flowed  round  the  promontory,  and  they  exhibit  one  of  the  pfcalia' 


*  Scrope  on  Volcanoes,  p.  101. 
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characteristics  of  such  streams,  namely  that  of  becoming  solid  externally, 
even  while  yet  ia  motion.  Instead  of  thinning  out  gradually  at  theii 
edges,  tbeir  aides  may  ofleii  be  compAred  to  two  foeky  walb  wTiieb  we 
aometimes  inclined  at  an  angle  of  between  thirty  and  forty  degrees. 
When  such  streams  are  turned  from  their  ooniee  by  a  projecting  rook, 
thcfy  moTo  right  onwards  in  a  new  direction ;  and  in  the  Valley  of 
Calanna  a  ooosiderable  space  has  thus  been  left  between  the  steep  sides 
of  the  lavas  b  b,  so  deflected,  and  the  predpitons  escarpment  of  2SocO' 
laiOt  A,  which  bounds  the  plain  C. 

Lavas  and  breccias, — In  regard  to  the  volcanic  masses  which  are  in- 
tersected by  dikes  in  the  Val  del  Bove,  ,they  consist  in  great  part  of 
gravstone  lavas,  of  an  intermediate  character  between  basalt  and 
trachyte,  nnd  partly  of  porphyritic  lava  resemblino;  trachyte,  but  to 
which  tli  it  name  cannot,  according  to  Von  Buch  and  G.  Hose,  be  in 
■strictness  applied,  because  tho  felspar  bcloni,^^  to  (he  variety  called 
Labradonte.  There  is  jrreuL  biLailarity  in  the  cunip  ^siiion  of  the  ancient 
and  modern  lavas  oi  Etna,  both  consisting  of  felspar,  augite,  olivine, 
and  titaniferous  iion.  The  alternating  breccias  are  made  up  of  scoriie, 
sand,  and  angular  blocks  of  lava.  Many  of  these  fragments  may  have 
been  thrown  out  by  volcanic  explosions,  which,  falling  on  the  hardened 
sorfaee  ol  moring  laTs-cnnrentSt  may  hare  been  carried  to  a  consider- 
able cUatanee.  It  may  also  hiqppen  that  when  lava  advances  veiy 
sknrly,  m  the  manner  of  the  flow  of  1819,  the  angular  masses  re- 
sulting from  the  frequent  breakmg  of  the  mass  as  it  rolls  over  npon 
itself,  may  produce  these  breccias.  It  is  at  least  certain  that  the  |ipper 
pordon  the  kwa-cnnrents  of  1811  and  1819  now  consist  of  angi^ 
masses  to  the  depth  of  many  jwrds.  D'Aubuisson  has  compared  the 
surface  of  one  of  the  ancient  lavas  of  Auveigne  to  that  of  a  river  sud- 
denly frozen  over  by  the  stoppage  of  immense  fragments  of  drift-ice,  a  . 
description  perfectly  applicable  to  these  modem  Etncan  flows.  The 
thickness  of  the  separate  beds  of  conglomerate  or  breccia  which  are  seen 
in  the  same  vertical  section,  is  often  extremely  (lifTrrent,  varying  from 
3  to  nearly  50  feet,  as  I  observed  in  the  hill  of  Caianna. 

Floo<l  produced  bi/ tke  meltijif/ of  snow  bif  lava. — It  is  possible  that 
5^m<i  of  the  breccias  or  coni^lomerates  may  be  referred  to  aqueous 
causes,  as  great  floods  occasionally  sweep  down  the  llanlvs  of  Etna, 
when  eruptions  take  place  in  winter,  and  when  the  snows  are  melted 
by  luva.  It  is  true  that  running  water  in  general  exerts  no  power  on 
Etna,  the  rain  which  falls  being  immediately  imbibed  by  the  porous 
lavas  I  so  that,  vast  as  is  the  extent  of  the  mountain,  it  feeds  only  a  few 
small  rivulets,  and  these,  even,  are  dry  throughout  the  greater  portion 
of  the  year.  The  enormous  rounded  boulders,  therefore,  of  felspar* 
pcTphyry  and  basalt,  a  Ime  of  vrhich  can  be  traced  from  the  sea,  from 
near  Giardini,  by  Mascali,  and  Zaforana,  to  the  *'  Val  del  Bove,'*  would 
ofe  a  perp^exoig  problem  to  the  geologist,  if  history  had  not  preserved 
the  memorials  of  a  tremendous  flood  which  happened  in  this  district  in 
in  the  year  1756.  It  appears  that  two  streams  of  lava  flowed  in  that 
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year,  on  the  2d  of  March,  from  the  hjg^MSt  crater;  they  were  hnnii* 
diately  precipitated  upon  an  enormoiis  mass  of  snow  wUoh  then  oorcrai 
the  whole  monntab,  and  was  extremely  deep  near  the  sanunit.  The 
sudden  melting  of  this  firoien  mass,  by  a  fiery  torrent  three  miles  in 
length,  prodnrad  a  frightfnl  inundation,  which  devastated  the  sides  of 
the  mountain  for  eight  miles  m  length*  and  afterwards  covered  the  lower 
flanks  of  Etna,  where  they  were  less  steep*  together  with  the  plains  near 
die  sea,  with  great  deposits  of  sand,  soorias^  and  blocks  of  lata. 

Many  absurd  stones  circulated  in  Sicily  respecting  this  event ;  such  as 
.  that  the  water  was  boiling,  and  that  it  was  vomited  from  the  highest 
crater ;  that  it  was  as  salt  as  the  sea,  and  full  of  marine  shells ;  but 
these  were  mere  inventions,  to  which  K^'cupero,  altliouf:fh  lie  relate"? 
them  as  tales  of  the  mount^neers,  seems  to  have  attanhed  rather  too 
much  importance. 

Floods  of  considerable  violence  have  also  been  produced  on  Etna  by 
the  fall  of  heavy  jains,  aided,  probably,  by  the  melting  ot  sno>v.  By 
this  cause  alone,  in  1701,  sixty  of  the  inhabitants  of  Acicatena  were 
killed,  and  many  of  their  houses  swept  away.* 

Glacier  covered  hy  a  lava-stream. — A  remarkable  discovery  was  made 
on  Etna  in  1828  of  a  great  mass  of  ice,  preserved  for  many  years,  per- 
haps for  centuries,  from  melting,  by  the  smgular  aocident  of  a  eurrent 
of  red-hot  lava  havmg  flowed  over  it  The  following  are  the  ficta  in 
attestation  of  a  phenomenon  which  must  at  first  sight  appear  of  so  para* 
doxleal  a  character.  The  extraordinary  heat  experieno(Bd  m  the  South 
of  Eiyope,  during  the  summer  and  autumn  of  1828,  caused  the  sup- 
plies of  snow  and  use  which  had  been  preserved  in  the  spring  of  that 
year,  for  the  use  of  Catania  and  the  adjoining  parts  of  Sicily  and  th  - 
island  of  Malta,  to  fail  entirely.  Great  distress  was  eonsequently  felt 
•  for  want  of  a  commodity  regarded  in  those  countries  as  one  of  the  ne- 
cessaries of  life  rather  than  an  article  of  luxur}'-,  and  the  abundance  of 
which  contributes  in  some  of  tlie  larL,'er  ritio^  to  the  salubritv  of  the 
water  and  the  general  health  of  tlie  community.  The  magistrates  of 
Catania  applied  to  Signor  M.  Gemmellaro,  in  the  hope  that  bis  local 
knowledge  of  Etna  might  enable  him  to  |>()int  out  some  crevice  or  nat- 
ural grotto  on  the  mountain,  where  drift-snow  was  still  preserved. 
Nor  were  they  disappointed  ;  for  he  had  long  suspected  that  a  small 
mass  of  perennial  ice  at  the  foot  of  the  highest  cone  was  part  of  a  lai^o 
and  continuous  glacier  covered  by  a  lava-current.  Having  procured  a 
large  body  of  worimeo,  he  quarried  into  this  ice,  and  proved  the  super- 
position of  the  hiVB  for  several  hundred  yards,  so  as  completely  to 
satisfy  himself  that  nothmg  but  the  subsequent  flowing  of  the  lava  over 
the  ice  could  account  for  the  position  of  the  glaoier.  Unfortunatdy  for 
the  gedlogist,  the  ice  was  so  eitremdy  hard,  and  the  excavation  so  ez> 
pensive,  that  there  is  no  probability  of  the  operations  being  renewed. 

On  the  first  of  December,  1828, 1  visited  this  spot,  which  is  on  th« 

»  Ferara,1>eMrii.d«irStos,p^ll6. 
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southeast  side  of  the  cone»  and  not  far  above  the  Casa  Inglcso ;  but  the 
frash  sDoir  had  tlieady  nearly  filled  ap  the  new  aptnung,  to  that  it  had 
only  the  appeanmee  of  the  month  of  a  grotto.  I  do  not»  however, 
qneslion  the  aeeoracy  of  the  ooadnakm  of  Bignor  Gemmelbro,  who^ 
being  well  aoqnamted  with  all  the  appeanuMee  of  dtift-^Dow  in  the  fiaBvree 
and  cavities  of  Etna,  had  recognised,  even  before  the  late  ezcavationa, 
the  peculiarity  of  the  position  of  the  ice  in  this  locality.  We  may  sup- 
pose that,  at  the  eommeneement  of  the  eruption,  a  deep  mass  of  drift- 
'  snow  had  been  covered  by  volcanic  sand  showered  down  upon  it  before 
the  descent  of  the  lava.  A  dense  stratum  of  tliis  fine  dust  mixed  wiiS 
scorisB  is  well  known  to  be  an  extremely  bad  conductot  ^f  hent ;  nnd 
the  slinphenls  in  the  higlior  ro«rions  of  Etna  are  accustomed  to  provide 
*-;iior  lor  their  flocks  durint^  summer,  by  strewing  a  layer  of  volcanic 
sand  a  few  inches  thick  ovpr  the  snow,  which  eflSectually  prevents  the 
heat  of  the  sun  from  pent  tr  iting. 

Suppose  the  mass  of  snow  to  liave  been  preserved  from  liquefaction 
unt  I  ihe  lower  part  of  the  Iciv.i  liad  consolidated,  wc  may  then  readily 
cuuceive  Lhat  a  glacier  thus  protected,  at  the  height  of  ten  thousand 
feet  above  the  level  of  th^  sea,  would  endure  as  long  aa  the  anowa  of 
UmA  Blanc,  unless  ntelted  by  volcanic  heat  from  below.  When  I 
Tinted  the  great  crater  m  the  beginning  of  winter  (December  1st,  1828), 
I  found  the  crevices  in  the  interior  incrusted  with  thick  iee^  and  in 
Mme  cases  hot  vapors  were  actually  streaming  out  between  maaaes  of 
ioe  aad  the  rugged  and  steep  walls  of  the  crater.* 

After  the  discovery  of  Signor  Geromellan^  it  would  not  be  surprising 
to  tod  in  the  cones  of  the  Icelandic  volcanoes,  which  are  covered  for 
the  most  part  with  perpetual  snow,  repeated  alternations  of  lava-streams 
and  glacie».  We  have,  indeed.  Lieutenant  Kendall's  authority  for  the 
fact  that  Deception  Island,  in  New  Soutli  Shetland,  lat.  02°  55^  S.,  is 
prinripnlly  composed  of  uUeraate  layers  of  volcanic  ashes  and  ice.f 

Ori(/in  of  tli£  V^ai  del  Hove. — It  is  recorded,  as  will  he  stated  in  the 
bistoiy  of  earthquakes  (ch.  29),  that  in  the  year  IVV'J  a  great  subsi- 
dence look  place  on  Papandayang,  the  largest  volcano  in  the  island  of 
Java  ;  an  extent  of  ground  Jifteen  miles  in  lengthy  and  six  in  breadth, 
covered  by  no  less  than  forty  villages,  was  engulphed,  and  the  cone 
lost  4000  feet  of  its  height.  In  like  manner  the  summit  of  Carguairazo, 
cue  of  the  loftiest  of  the  Andes  of  Quito,  fell  in  on  the  19th  July,  1698 ; 
sad  another  monntam  of  still  greater  altitude  in  the  same  chaio,  called 
CspacUien,  ashort  time  Iwfore  the  conquest  of  America  by  the  Spaniards. 

*  Mr.  Na^mvtli,  the  inventor  of  the  steam-hammer,  hn*  lately  illustrated,  by 
»  very  striking  ixperiment,  the  non-conduct ibilitv  of  a  tJnn  iayur  of  dry  sand  una 
diy.  Into  a  caldron  of  iron  one>foorth  of  an  Inch  thick,  Ibcd  with  sand  and 
clay  fiTc-nii^hths  of  an  inch  tlnek.  he  poured  eight  tons  of  melted  iron  at  a  ^vhite 
heat.  After  the  fused  metal  had  been  twenty  minutes  ia  the  cahiron  the  palm 
of  the  hand  could  be  applied  to  the  onteideivithoiit  jncoovenience,  and  after  forty 
Sunates  there  was  not  heat  enou^rh  to  »'m<;e  writing-paper.  Thin  f  i -t  mny  help 
«•  to  explain  hoir  strata  in  contact  with  dikes,  or  beds  of  fused  matter,  have 
ionetiinet  escaped  without  jierceptible  alteration  by  heat. 

t  Jouiik  of  Koj.  Oeogniph>  Soe;  toL  i  pt  64^ 
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It  wUl  also  be  seen  in  the  belt  ebapter  t1tat»  lo  late  aa  the  year  1822, 
dnring  a  violent  earthqimke  and  Tolcanic  eruption  in  Java,  one  side  of 
the  mountain  called  Oalongoon,  which  waa  covered  by  a  denae  forest, 
became  an  enormous  golf  in  ^e  form  of  a  semidrele.  The  new  oaHUr 
waa  about  midway  between  the  summit  and  the  plain,  and  soRoundeQ 
by  steep  rocks. 

Now  we  might  imagine  a  similar  event,  or  a  series  of  subsidences  to 
have  formerly  occurred  on  the  eastern  side  of  Etna,  although  such 

c;it;vHtioplios  have  not  been  witnessed  in  modem  times,  or  only  on  a 
very  trilling  scale.  A  narrow  ravine,  about  a  mile  loni:^,  twenty  feet 
wide,  and  from  twenty  to  thirty-six  in  depth,  has  been  formed,  witliin 
the  lii>t  >riral  era,  on  the  thinks  of  the  volcano,  near  the  town  of  Ma^ca- 
lucia ;  and  a  .small  circular  tract,  called  the  Cisterna.  near  the  summit, 
sank  down  in  the  year  17[)2,  to  the  depth  of  about  forty  feet,  and  left 
on  all  sides  of  the  chasm  a  vertical  section  of  the  beds,  exactly  resem- 
bling those  which  are  seen  in  the  precipices  of  the  Val  del  Bove,  At 
some  remote  periods,  therefore,  we  might  suppose  more  eztendve  por- 
tions of  the  mountain  to  have  fallen  in  during  great  earthquakes. 

But  we  ought  not  to  exclude  entwely  from  our  speculations  another 
possible  agency,  by  which  the  great  cavity'  may  in  part  at  least  have 
been  excavated,  namely,  the  denuding  action  of  the  sea.  Whether  its 
waves  may  once  have  had  acce%  to  the  great  valley  befoi^e  the  ancient 
portion  of  Etna  was  upheaved  to  its  present  elevation,  is  a  question 
which  will  naturally  present  itself  to  every  geologist.  Marine  shells 
have  been  traced  to  a  height  of  800  feet  above  the  base  of  Etna,  and 
would  doubtless  be  seen  to  nscend  much  higher,  were  not  the  structure 
of  the  lower  region  of  the  niouiitnin  concealed  by  floods  of  lava.  We 
cannot  ascertain  to  what  extent  a  chaiurt^  in  the  relative  level  of  land 
and  sea  may  have  been  carried  in  this  spot,  but  wo  know  that  some  of 
the  tertiary  strata  in  Sicily  of  no  ancient  date  reach  a  height  of  3000 
feet,  and  tl  .s  marine  deposits  on  tlie  flanks  of  Etna,  full  of  recent  species 
of  shells,  may  ascend  to  equal  or  greater  heights.  The  narrow  Vallev 
of  Calanna  leading  out  of  the  Val  del  Bove,  and  that  of  San  Giacomo 
lower  down,  have  much  the  appearance  of  ravines  swept  out  by  aqueous 
action. 

SUrueivm  and  origin  of  the  wm  of  Stna, — Our  data  for  framing  a 
correct  theoty  of  the  manner  in  which  the  cone  of  Etna  has  acquired  its 
present  dimensions  and  mtemal  structure  are  very  imperfect*  because  it 
is  on  its  eastern  side  only,  m  the  Tal  del  Bove  above  described,  that  we 
see  a  deep  section  exposed.  Even  here  we  obtain  no  insight  into  the 
interior  composition  of  the  mountain  beyond  a  depth  of  between  three 
and  four  thousand  feet  below  the  base  of  that  highest  WM^  which  has 
been  several  times  destroyed  and  renewed.  The  precipices  seen  at  the 
head  of  the  Val  del  Bove,  in  the  escarpment  called  the  Scrre  del  Sol- 
fizio,  exhibit  merely  the  same  series  of  alternating  lavjus  and  br»:'C'*ias, 
which,  dcscendincT  with  a  geiv^rnl  dip  towards  the  sea,  form  ili"'  liound- 
ary  cU^  of  all  other  parts  ot  the  Val  del  Bove.    If  then  we  estimate 
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tbe  hdgbt  of  Etna  at  about  11,000  feet,  we  may  say  that  we  knovv 
from  actual  observation  less  than  one-balf  of  Ha  oomponent  materials, 
assuming  it  to  extend  downwards  to  the  level  of  the  sea ;  namely,  first, 
tho  highest  cone,  which  is  about  1000  feet  above  its  base ;  and,  second- 
ly, the  alternations  of  lava,  tuf?,  nnd  vn]canic  breccia,  wliich  constitute 
tlie  rocks  between  the  Cistern;!,  lu  ar  the  base  of  the  upp^r  cone,  and 
tho  fnot  of  the  precipices  at  the  head  of  the  Val  del  Jio\r.  At  the 
lowest  point  to  which  tlie  vertical  section  extends,  there  are  no  M^ais  of 
any  approach  to  a  ^  nninaiion  of  the  purely  volcanic  mass,  whicii  may 
perhaps  penetrate  iiiany  tliousand  feet  farther  downwards.  There  is, 
indeed,  a  rock  called  Rocca  Gianicola,  near  the  foot  of  the  great  escarp- 
ment, which  consists  of  a  large  mass  between  150  and  200  feet  wide, 
not  divided  into  Ms,  and  dmost  resembling  granite  in  its  stractura, 
although  agreeing  Very  closely  in  mineial  composition  with  the  ]a?as  of 
Etna  in  general.*  This  mass  may  doubtless  be  taken  as  a  representa- 
tive of  those  crystalline  or  platonio  formations  which  would  be  met  with 
b  abundance  if  we  could  descend  to  greater  depths  m  the  duFecUon  of 
the  central  axis'  of  the  mountain.  Tor  a  great  body  of  geologicsl  evi- 
dence leads  us  to  conclude*  that  rocks  of  this  class  result  from  the  con- 
solidation, under  great  pressure,  of  melted  matter,  which  has  risen  up 
and  filled  rents  and  chasms,  such,  for  example,  ns  may  communicate 
with  the  principal  and  minor  vents  of  eniption  in  n  volcano  like  Ktna. 

But,  if  we  speculate  on  the  nature  of  the  formation  which  the  lava 
may  have  pierced  in  itii  way  upwards,  we  may  fairly  presume  that  a 
portion  of  these  consist  of  marine  tertiary  rocks,  like  thos(;  o(  the  neigh- 
boring Val  di  Noto,  or  those  which  skirt  the  borders  of  the  Etncan  cone, 
on  its  southern  and  eastern  sides,  Etna  may,  in  fact,  have  been  at  first 
ail  insular  volcano,  raising  its  summit  but  blightly  above  the  level  of  the 
sea ;  but  we  have  no  grounds  for  concluding  that  any  of  the  beds  exposed 
in  the  deep  section  of  the  Ysl  del  Bove  have  formed  a  part  of  such 
a  marine  accumulation.  On  the  contrary,  all  the  usual  signs  of  sub- 
aqueous origin  are  wanting ;  and  even  if  we  believe  the  foundations  of 
the  monntam  to  have  been  laid  in  the  sea,  we  could  not  expect  this  por- 
tion to  he  made  visible  in.  seetioos  which  only  proceed  downwards  from  * 
the  stmiuilt  throngh  one-half  the  thickness  of  the  mountain,  especially  as 
the  highest  points  attained  hy  the  tertiary  strata  in  other  parts  of  Sicily 
very  rarely  exceed  3000  feet  a!  r>ve  the  sea. 

On  the  eastern  and  southern  base  of  Etna,  a  marine  deposit,  already 
alluded  to,  is  traced  up  to  the  height  of  800  or  1000  feet,  before  it  be- 
comes concenl'^d  Ix^neath  iriat  covering  of  modem  lavas  which  is  contin- 
ually extending  its  limits  during  successive  «^Ti!ptions,  and  prevents  us 
from  ascertaining  how  much  hiirher  the  maiiu  ■  -strata  mav  a??cend.  As 
the  imbedded  shells  belong  almost  entirely  to  species  now  inhabiting 
the  Mediicrnincan,  it  is  evident  that  there  has  been  here  an  upheaval  of 
the  region  at  the  base  of  Ktna  at  a  very  modem  period.  It  is  fair,  there- 
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ion,  to  infer  that  the  volcanic  nucleus  of  the  mountain,  partly  perhaps  of 
aobmariiie,  and  partlj  of  subaerial  origin,  participated  in  this  movement, 
and  was  carried  up  bodily.  Now,  in  proportion  as  a  cone  gains  height 
by  sach  a  movmnent,  eombined  with  the  cumuhaive  eflbets  of  eniptioos* 
throwing'  out  matter  successively  from  one  or  more  central  vents,  the 
hydrostatic  pressure  of  the  columns  of  lava  auj^ments  with  their  increns- 
ing  height,  until  the  time  arrives  when  the  flanks  of  the  cone  mn  no 
longer  resist  the  increased  pressnr*^ :  and  fiom  that  period  they  give 
way  more  readily,  lateral  outbursts  becoming  more  frequent.  Hence, 
independently  of  any  local  expansion  of  the  fractured  volcanic  mass, 
those  general  causes  by  which  tlie  modern  tertiary  strata  of  a  great  part 
of  Sicily  have  been  raised  to  the  height  of  several  thousand  feet  above 
ihi^  original  level,  would  tend  naturally  to  render  the  discharge  of  lava 
and  Bcorin  hdia  the  snaumft  of  Etna  leas  copuma/and  tfae  lateml  dis- 
charge greater. 

If,  then,  a  conical  or  dome-shaped  mass  of  volcanic  materiala  was 
accumulated  to  the  height  of  4000,  or  perhaps  7000  feet,  before  the  up 
ward  moTement  begap,  or,  what  is  much  more  probable,  daring  the 
contumance  of  the  upward  movement,  that  ancient  mass  woold  not  be 
buried  under  the  products  of  newer  eruptions,  because  these  Unt  wonld 
then  be  poured  out  cliiefly  at  a  lower  level.  ' 

Since  I  visited  £tna  in  1828,  M.  de  Beaumont  has  published  a  most 
valuable  memoir  on  the  structure  and  origin  of  that  mountain,  which  he 
examined  in  1834;*^  and  an  excellent  descriptioQ  qf  it  has  also  appeared 
in  the  posthumous  work  of  Hoffmann.! 

In  M.  de  Beaumont's  essay,  in  which  he  has  explained  his  view^-  w  'nh 
uncommon  perspicuity  and  talent,  he  maintains  iliat  all  the  alternating 
BLouy  and  fragmentary  beds,  more  than  3U0U  feet  thick,  which  are  ex- 
posed in  the  Val  dv\  \k>vc,  were  formed  originally  on  a  surface  so  nearly 
flat  that  the  slope  never  exceeded  three  degrees.    From  this  horizontal 
position  they  were  at  length  heaved  up  suddenly  (d'uu  scul  coup)  into  a 
great  mountam,  to  which  no  important  additions  have  smce  been  made. 
Prior  to  this  upthrow,  a  platform  is  supposed-to  have  e^^sted  above  the 
.  level  of  the  sea,  m  which  various  fiaaures  opened ;  and  from  these  meli* 
ed  matter  was  poured  forth  agam  and  again,  which  spread  itself  aroutid 
in  thin  sheets  of  uniform  thtelmess.  From  the  same  rents  itsued  showers 
of  scoria  and  frsgmentaiy  matter,  which  were  spresd  out  so  as  to  fom 
equally  uniform  and  horizontal  beds,  intervening  between  the  sheets  of 
lava.   But  although,  hj  the  oontuiued  ropetition  of  these  operations,  a 
vast  pile  of  volcanic  matter,  4000  feet  or  more  in  thickness,  was  built  up 
precisely  in  that  region  where  Etna  now  rises,  and  to  which  notlung^ 
similar  was  produced  elsewhere  in  Sicily,  still  we  are  told  that  Etna  was 
not  yet  a  mountain.    No  hypothetical  diagram  has  been  given  to  help 
us  to  conceive  how  this  great  mass  of  materials  of  supramarine  ori^to 

♦  M£m.  pour  eervir,  Ac,  torn.  iv.  Paris,  1888. 
f  QeogDott.  BeohacbtunKen,  4x,  Berlin,  1889. 
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eoold  have  been  disposed  of  in  horizontal  beds,  so  as  not  to  constitute 
an  emioeDce  towering  far  above  the  rest  of  Sicily ;  but  it  is  assumed  that 
a  powerful  force  from  below  at  length  burst  suddenly  through  Uie  hori> 
zontal  foi-malion,  uplifted  it  to  a  considerable  height,  and  caused  the  beds 
lo  be,  in  many  places,  his^hly  inclined.  This  elevatory  force  was  not  all 
expanded  on  a  sin;^le  cetitral  point  as  Von  Buch  has  imagined  in  the  case 
of  Palnia,  Teni  i  iUe,  or  Somma,  but  rather  followed  for  a  short  distance 
a  line:ir  diroclion.* 

Auioug  other  ubjections  that  may  be  advanced  against  the  theory 
above  proposed,  I  may  mention,  first,  tliat.  the  incrensine^  number  of 
dikes  as  we  approach  the  head  of  the  Val  del  Bove,  or  the  middle  of 
Etna,  and  the  great  thickness  of  lava,  scoriae,  and  conglomerates  in  that 
region,  imply  that  the  great  centre  of  eruption  was  always  where  it  now 
b,  or  nearly  at  tlie  same  point,  and  there  must,  therefore,  have,  been  a 
tendency,  from  tbe  beginning,  to  a  conical  or  donae-ebaped  arrangement 
in  tbe  ejected  materials.  Secondly,,  were  we  to  admit  a  great  number 
of  separate  pdnta  of  erupUoo,  scattered  over  a  plain  or  platform,  tbere 
most  bare  been  a  great  number  ol  cones  thrown  up  ovor  these  diffiarent 
fents ;  and  tbese  bills,  some  of  which  would  probably  be  as  lofty  as 
dune  now  seen  on  the  flanks  of  Etna,  or  from  300  to  750  feet  in  hagbt^ 
would  bi  e.ik  the  continuity  of  the  sheets  of  lava,  while  they  would  be* 
come  gradually  enveloped  by  them.  The  ejected  material,  moreover, 
would  slope  at  a  Lii;]!  angle  on  the  sides  of  these  cones,  and  where  they 
fell  on  the  surrounding  plain,  would  form  strata  thicker  near  tbe  base 
of  each  cone  than  at  a  distance.  • 

What  then  are  the  facts,  it  will  be  asked,  lo  account  for  wln<  h  t)iis 
iiypoihesis  of  oiii^inai  horizontality,  followed  by  a  single  and  sudden 
effort  of  upheaval,  which  c^ave  to  the  beds  their  present  slope,  has  been 
invented  ?  M.  dc  Beaumont  observes,  that  in  the  boundary  precipices 
of  the  Val  del  liove,  sheets  of  lava  and  intercalated  beds  of  cinders, 
mixed  with  pulverulent  and  fragmentary  matter  evidently  cast  out 
daring  eruptions,  are  sometimes  inclined  at  steep  angles,  varying  from 
15**  to  27^.  It  is  impossible,  he  says,  that  the  lavas  could  have  flowed 
crigmally  on  planes  so  steeply  inclined,  for  streams  which  descend  a 
8k>pe  even  of  10^  from  narrow  stripes,  and  never  acquire  such  a  com* 
pect  texture.  Their  thickness,  moreover,  always  mconsiderableb  varies 
with  every  variation  of  steepness,  in  the  declivity  down  which  they  flow ; 
whereas,  in  several  parts  of  the  Val  del  Bove,  the  sheets  of  kva  are 
ooBttnuoos  for  great  disUmces,  in  spite  of  their  ^^teep  inclinatbn,  and  are 
often  compact,  and  perfectly  parallel  one  to  the  other,  even  where  there 
are  more  than  100  beds  of  interpolated  fragmentary  matter. 

The  intersecting  dikes  also  terminate  upwards  in  many  instances,  at 
different  elevations,  and  blend  (or,  as  M.  di;  IJeaumont  terms  it,  articu- 
late) with  sheets  of  lava,  which  they  meet  al  right  angles.  It  is  tiiere- 
fore  assumed  that  such  dikes  were  the  feeders  of  the  streams  of  lava 

*  De  B«auau)ot,  M4ia.  pour  servir,  ±c  torn.  iv.  pp.  187, 18d. 
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with  which  they  unite,  and  they  are  supposed  to  prove  thtt  the  plat- 
form, on  the  surface  of  wliicli  the  melted  matter  was  poured  oal^  WW 
at  first  so  flat,  that  the  fluid  mass  spread  freely  and  equally  in  evfiy 
direction,  and  not  towards  one  point  only  of  the  compass,  as  would 
happen  if  it  had  descended  the  sloping  sides  of  a  cone.  This  argument 
is  ingeniously  and  plainly  put  in  the  followint^  terras : — "  Had  the 
melteil  matter  poured  down  an  inclined  plane,  after  issuing  from  a  rent, 
the  sheet  of  lava  would,  after  consolidation,  have  formed  an  elbow  with 
the  dike,  like  the  upper  bar  of  the  letter  F,  instead  of  extending  itself 
on  both  sides  like  that  of  a  T."*  It  is  also  contended  that  a  series  of 
sheets  of  kva,  formed  on  a  conical  or  dome*shaped  mountain,  wouU 
have  been  more  numerous  at  points  fiirthest  from  tiie  centtal  aiis»  sines 
eveiydike  which  had  been  the  source  of  a  lava-streanv  must  have  poured 
its  contents  downwards,  and  never  upwards. 

In  referance  to  the  foots  hero  stated,  I  may  mentioii  that  the  dlkas 
which  I  saw  in  the  del  Bove  wero  either  yertical,  or  made  almoit 
all  of  them  a  near  approach  to  the  perpendicular,  which  could  not  hare 
been  the  case  had  they  been  the  feeders  of  horizontal  beds  of  lava,  aad 
had  ihey  consequently  joined  them  originally  at  right  angles,  for  then 
the  dikes,  as  at  a,    e,  fig.  64,  ought  subsequently  to  have  acquired  s 


Fig.  6k 


DOut  M  tlMf  iroQld  BOW  appear  bad  they  bam  orlginnlljr  perpaadkalar. 


considerable  dope,  like  the  beds  which  they  intersect  I  may  also  tuge 
another  objection  to  the  views  above  set  forth,  namely,  that  had  the 
dikes  been  linear  vents,  or  orifices  of'  eruption,  we  must  suppose  the 

inter-stratified  scoriae  and  lapilli,  as  well  as  the  lavas,  to  have  ome 
out  of  them,  and  in  that  case  the  itTe!:;iiliir  heaping  up  of  fragmentaiy 
matter  around  the  vents  would,  as  before  hinted,  have  disturbed  that 
uniform  thickness  and  parsUelism  of  the  beds  which  M.  de  Beaoaioat 

describes. 

If,  however,  some  of  the  sheets  of  lava  join  the  dikes  in  such  a  man- 
ner, as  to  imply  that  they  were  in  a  melted  state  sinmluineously  with 
the  contents  of  the  fissures, — a  point  not  easily  ascertained,  where  tb« 

*  M6ia.  pour  serrur,  torn.  ir.  p.  149. 
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precipices  are  for  the  most  part  iiiieeeflaible» — ^the  fact  may  admit  of  a 
different  interpretation  from  that  proposed  by  the  French  geologists. 
Rents  like  those  before  alluded  to  (p.  399),  which  opened  in  the  plain 
of  R.  Lio  in  1CG9.  filled  below  with  incandescent  lava,  mny  have  lain  in 
the  way  of  currents  of  melted  matter  descendint^  from  higher  openings. 
In  that  case,  the  rn  ittpr  of  the  current , would  have  flowed  into  the 
fis^snre  and  mixed  witli  the  lava  at  its  bottom.  Numerous  open  rents  of 
tlii-  kind  are  described  by  Mr.  Dana  as  ]la^  ing  been  caused,  during  a  late 
eruption,  in  one  of  the  volcanic  domes  of  the  Sandwich  Islands.  They 
remiiined  open  at  vanous  heights  ou  the  slopes  of  the  great  cone,  running 
in  different  directions,  and  demonstrate  the  possibiUty  of  future  junctions 
of  slightly  inclined  hTa-Btreeaas  wHli  perpendieuUr  walls  of  lava. 

To  mo^  therefora,  it  appears  "far  more  easy  to  expUiin  the  uiufonn 
thiekneaa  and  pandleliem  of  so  many  lavas  ud  beds  of  fragmentary 
matter  seen  in  the  Yal  del  Bove,  by  sopponng  them  to  have  issued 
SBooesaively  out  of  one  or  more  higher  venta  near  the  summit  of  a  great 
dome,  than  to  imagine  them  to  have  proceeded  from  lateral  dikes  or 
rents  opening  in  a  hwel  plun.  In  the  Sandwich  Islands,  we  have  ei- 
amples  of  volcanic  domes  15,000  feet  high,  produced  by  successive  oat- 
povnng^  frodl  vents  at  or  near  the  summit.  One  of  these.  Mount  Loa, 
has  a  slope  in  all  directions  of  6^  30';  another.  Mount  >Kea,  a  mean 
jnclination  of  7°  40'.  That  their  lavas  may  Gcca5iiona]ly  consolidate  on 
slopes  of  25°,  and  rvon  more,  and  still  preserve  consid^mble  solidity  of 
texture,  has  been  already  stated  ;  see  above,  p.  383. 

We  know  not  how  large  a  quantity  of  modem  lava  may  have  been 
poun'd  into  the  bottom  of  the  Val  del  Bovc,  yet  we  perceive  that  enip- 
tions  breaking  forth  near  the  centre  of  Etna  have  already  made  some 
progress  in  filling  up  this  great  hollow.  Even  within  the  memory  of 
persons  now  livmg,  the  rocks  of  Musara  and  Capra  have,  as  before 
stated,  lost  much  of  their  height  and  picturesque  grandeur  by  the  piling 
up  of  recent  Uvas  round  their  base  (see  fig.  61,  p.  408),^  and  the  great 
chasm  haa  intercepted  many  streams  which  would  otherwise  have  del- 
uged the  fertile  region  below,  as  has  happened  on  the  side  of  Catania. 
The  volcanic  forces  are  now  hihoring,  therefore,  to  repair  the  breach 
which  subsidence  has  caused  on  one  side  of  the  great  cone ;  and  unless 
thev  energy  should  decline,  or  a  new  sinking  take  place,  they  may  in 
time  eflboe  this  inequality.  In  that  event*  the  restored  portion  will  al- 
ways; be  unconformable  to  the  more  ancient  part,  yet  it  will  consist,  like 
it,  of  alternating  beds  of  lava,  scotis;,  and  conglomerates,  which,  with 
all  their  irregularities,  will  have  a  general  slope  finom  the  centre  and 
summit  of  Etna  towards  the  sea. 

I  shall  conclude,  then,  by  remarking  that  I  conceive  the  general  incli- 
nation of  the  alternating  stony  and  fragmentary  beds  of  the  Val  del 
Bove,  from  the  axis  of  Etna  towards  its  circumference  or  base,  and  the 
greater  thickness  ot  the  volcanic  pile  as  wc  approiich  the  central  parts  of 
the  mountain,  to  be  due  to  the  prejionderance  of  eruptions  from  that 
centre.    These  gave  rise,  from  the  iirsL,  to  a  dome-shaped  mass,  which 
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has  ever  since  been  increasing  in  height  and  aiea,  being  fiacttired  agair 

and  agdn  bj  the  expansive  force  of  vapors,  and  the  several  parts  made 
to  cohere  together  more  firmly  after  the  solidification  of  the  lava  with 
which  every  open  fissure  and  chasm  has  been  filled.  At  the  same  time 
the  cone  may  have  gnined  a  portion  of  its  height  by  the  clevatory  effect 
of  such  dislocating  movementij,  and  t])o  sheets  of  lava  niav  have  acquired 
in  some  places  a  greater,  in  others  a  less,  ioclioatioa  than  that  wliicb  at 
first  belonged  to  them. 

But  had  the  mountain  bren  due  solely,  or  even  principally,  lo  up- 
heaval, its  structure  would  have  resembled  ihaL  which  ^eolofirists  have  so 
often  recognized  in  dome-shaped  hills,  or  certain  elevated  rei^Mons,  which 
all  consider  as  having  be^n  thrust  up  by  a  force  from  below.  In  this  case 
there  is  often  an  elliptical  caritj  at  the  eummit,  due  partly  to  the  frac- 
ture of  the  upraised  rocks,  but  still  more  to  aqueous  denudation,  as  they 
rose  out  of  the  sea.  The'  central  cavity,  or  valley,  exposes  to  view  the 
subjacent  formation  c,  fig.  56,  and  the  incumbent  mass  dips  away  on  all 
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sides  from  the  but  has  no  tendency  to  thin  out  near  the  Ijase  of  the 
dome,  or  at  x  ;  whereas  at  this  point  the  volcanic  mass  tenmualcs 
(see  fig.  6C)  and  allows  the  fundamental  rocii  c  to  apj)ear  at  the  s\uface. 
In  the  last  diagram,  the  more  ordinary  case  is  represented  of  a  great 
hollow  or  crater  at  tiie  summit  of  the  volcamc  cone ;  but  instead  of 


Yoleaaie  monnttln  lad  enttr. 


this,  we  have  seen  that  in  the  cuin;  of  Etna  there  is  u  deep  lateral  de- 
pression, called  the  Val  del  Bove,  the  upper  part  of  which  approaches 
near  to  the  central  axis,  and  the  origin  of  which  wc  have  attributed  to 
subsidence. 

Antiqutttj  of  the  com  ofSina, — ^It  was  before  remaricedtbatooiifiDed 
notions  in  regard  to  the  quantity  of  past  time  have  tended,  more  tlian 
any  other  prepossessions,  to  retard  the  progress  of  sound  theoretical 
views  in  geology  the  inadequacy  of  our  conceptions  of  the  eaith't 
antiquity  having  cramped  the  freedom  of  our  apeouktions  in  this  soieDoe* 
very  much  in  the  same  way  as  a  belief  in  'the  exbtence  of  a  vaulted  fir- 
mament once  retarded  the  progress  of  astronomy.  It  was  not  until 
Descartes  assumed  the  indefinite  extent  of  the  celestial  spaces,  and  re- 
moved the  supposed  boundaries  of  the  universe,  that  just  opinions  htffm 

*  P.  62,  Ji^w-o. 
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to  be  entertained  of  the  rektive  distances  of  the  heavenly  bodies ;  and 
nntil  we  habitaBte  ourselTes  to  contemplate  the  possibility  of  an  indefi- 
nite lapse  of  ages  having  been  comprised  within  each  of  the  modern 
periods  of  the  earth's  history*  we  shall  he  in  danger  of  forming  most 


If  history  had  bequeathed  to  us  a  faithful  leconl  of  the  eruptions  ol 
Etna,  and  a  hundred  other  of  the  principal  active  volcanoes  of  the  globe, 
during  the  last  three  thousand  years, — if  we  had  an  exact  account  of  the 
volume  of  lava  and  matter  ejected  during  that  period,  and  the  times 
of  their  production, — we  might,  perhaps,  be  able  to  form  a  correct  esti* 
mate  of  the  average  rate  of  the  growti  of  a  volcanic  cone.  For  we 
might  obfiin  a  mean  result  from  the  comparison  of  the  eruptions  of  po 
great  a  number  of  vents,  b^wpver  irrei^ulcir  might  bo  the  develoj)ment 
of  the  igneous  action  in  any  one  of  them,  if  contemplated  singly  during 
a  brief  ppriod. 

h  would  be  necessary  to  balance  protracted  periods  of  inaction  aL,aiin»t 
the  occasional  outbui-st  of  paroxysmal  explosions.  Sometimes  wit  should 
have  evidence  of  a  repose  of  seventeen  ceiuuries,  like  that  which  was 
interposed  in  Ischia,  between  the  end  of  the  fourth  century  b.  c,  and  the 
beginning  of  the  fourteenth  century  of  our  era.*  Occasionally  a  tre- 
mendous eruption,  like  that  of  JoniUo,  would  be  recorded,  ^ving  rise, 
at  once,  to  a  comnderable  mountain. 

If  we  denre  to  approiimate  to  the  age  of  a  cone  suth  as  Etna,  we 
ought  first  to  obtain  some  data  in  regard  to  the  thickness  of  matter 
which  has  been  added  during  the  historical  era,  and  then  endeavor  to 
estimate  the  time  required  for  the  accumulation  of  such  alternating  lavas 
and  beds  of  sand  and  scoria  as  are  superimposed  upon  each  otjier  in  the 
Val  del  Bove ;  afterwards  we  should  try  to  deduce,  from  observations 
on  other  volcano^,  the  more  or  le^  rapid  inerease  of  burning  mountuns 
in  all  the  different  stages  of  their  growth. 

There  is  a  considerable  analocry  between  the  mode  of  increase  of  a 
volcanic  cone  and  that  of  trees  of  exof/oion^  (growth.  These  trees  au_^- 
ment,  both  in  heij^bt  and  diameter,  by  the  successive  application  exter- 
nally of  cone  upon  cone  oi  ik  w  linrneou.s  matter  ;  so  that  if  we  make  a 
transverse  section  near  the  base  of  the  trunk,  we  intersect  a  much  greater 
number  of  layers  than  ncaicr  to  the  summit.  When  branches  occasion- 
ally bhoot  out  from  the  trunk,  they  first  pierce  the  bark,  and  then,  after 
growing  to  a  certain  siz^,  if  they  chance  to  be  broken  off,  they  may  be- 
come inclosed  m  the  body  of  the  tree*  as  it  augments  in  size,  forming 
knots  in  the  wood,  which  are  themselves  composed  of  layers  of  ligneous 
matter,  cone  within  cone. 

In  like  manner,  %  volcanic  mountain,  as  we  have  aeen,  consists  of  a 
soceesmon  of  conical  masses  envek»ping  others,  while  lateral  eones,  havmg 
a  similar  mtemal  structure,  often  project,  in  the  first  instance,  like 
branches  from  the  surface  of  the  main  cone,  and  then  beooming  buried 
again,  are  hidden  like  the  knots  of  a  tree. 


MODS  OF  INOSEASE  OV  TOL0ANOB9. 


We  can  ascertain  the  age  of  an  oak  or  pine  by  counting  the  number 
of  concentric  rings  of  annual  growth  seen  in  a  transverae  flection  near 
the  base,  so  tbat  we  may  know  the  date  al  which  the  aeodling  began  to 
vegetate.  The  Baobeh-tree  of  Senegal  {AdoMcma  ^%»tols)  ia  supposed 
to  exceed  almost  any  other  in  longerity.  Adanson  nfened  that  one 
which  he  meacured,  and  found  to  be  thirty  feet  in  diameter,  had  attained 
the  age  of  5160  years.  Having  made  an  incision  to  a  oertam  defAh,  he 
first  comited  three  hundred  rings  of  annual  growth,  and'  obeenred  what 
thichnsss  the  tree  had  gamed  b  that  period.  The  average  rate  of  growth 
of  younger  tree^  of  the  same  species,  was  then  ascertained*  and  the 
calcultrtion  made  according  to  a  supposed  rncan  rate  of  increase.  De 
CandoUe  considers  it  not  improbable  that  the  celebrated  Taxodium  oi 
Cbapultepec,  in  Mexico  (Cupratsus  disticha.  Linn.),  which  is  117  feet  in 
circumference,  mnj  be  still  more  acjed.* 

It  is,  however,  impossible,  until  more  flntn  nre  collected  respecting 
the  averaije  intensity  of  the  volcanic  action,  to  make  any  thing  like  an 
approximation  to  the  af^e  of  a  cone  like  Etna  ;  because,  in  this  case,  the 
sue  ■»  ^i\  e  envelopes  of  lava  and  scoriae  are  not  continuous,  like  the  layers 
of  wood  in  a  tree,  and  affoid  us  no  definite  measure  of  time.    Eich  con- 
ical envelope  is  made  up  of  a  groat  nuuiber  of  distinct  lava-currenta  and 
showers  of  sand  and  scoriae,  differing  in  quantity,  and  wh^ch  may  have 
been  accumulated  m  unequal  periods  of  time.   Tet  we  cannot  £bD  to . 
form  the  most  exalted  conception  of  the  antiquity  of  this  mountain,  when 
we  consider  that  its  base  is  about  nmety  miles  in  circumference ;  so  that 
it  would  reqmre  ninety  flows  of  lava,  each  a  mile  in  breadth  at  fheir 
termination,  to  raise  the  present  foot  of  the  volcano  as  much  m  the 
average  height  of  one.  lava-current 

Th^  are  no  records  within  the  historical  era  which  lead  to  the  (^mh- 
ion  that  the  altitude  of  Etna  has  materially  varied  within  the  last  two 
thousand  years.    Of  the  eighty  most  conspicuous  minor  cones  which 
adorn  its  flanks,  only  one  of  the  largest,  Monti  Rossi,  has  been  produced 
within  the  times  of  authentic  history.    Even  this  hill,  thrown  up  in  the 
year  1669,  although  450  feet  in  height,  only  ranks  as  a  cone  of  «<orf »Tid 
magnitude.    Monte  Minardo.  near  Bronte,  riseft,  even  now,  to  the  height 
of  750  feet,  although  its  base  has  been  elevated  by  more  modem  lavas 
and  ejections.    The  dimensions  of  these  larger  cones  appear  lo  benr 
testimony  to  jxirorvsmi  of  volcanic  activity,  after  which  we  may  con- 
clude, from  analogy,  that  (he  tires  of  Etna  remained  dormant  for  many 
yeai-s — since  nearly  a  century  of  rest  has  sometimes  fbUowed  a  violeot 
eruption  in  the  historical  era.   It  must  also  be  remembered,  that  of  the 
sBudl  number  of  eruptions  which  occur  |n  a  century,  one  only  is  eatt-^ 
mated  to  issoe  from  the  summit  of  Etna  for  every  two  that' proceed  from 
the  sides.  Nor  do  all  the  lateral  eruptions  give  rise  to  such  eoneu  as 
would  he  reckoned  amongst  the  smallest  of  the  e^hty  hilla  abovie  enu- 
merated ;  some  of  them  produce  merely  insignificant  mooticnleB^  wlikib 
are  soon  afterwards  buried  by  ahowers  of  ashes. 

•  Ob  the  Longerity  of  l^ees,  BihUot.  XTaiv,  Hay,  1891 


Digitized  by  Coogit 


GlXXVj  diluvial  vayss.  423 

Boir  mwf  ytan  then  mutt  we  not  suppose  to  have  been  eipended 
itt  the  feniMtioii  of  the  eighty  cones  ?  It  is  difficult  to  imagiiie  that  a 
fourth  port  of  them  have  originated  dnring  the  last  thhrty  eentinm 
BqI  if  we  oODjeetnie  the  whole  of  them  to  have  been  foimc^  in  twdve 
thoaiaad  yeon»  how  ineonsideraUe  an  em  woold  this  portion  of  time 
eoDStkote  in  the  bbtorv  of  the  volcano  I  If  we  could  strip  oft  firom 
Etna  all  the  lateral  montieulcs  now  visible^  together  with  the  lavas  and 
aoorise  that  have  been  poured  out  from  them,  and  from  the  highest 
eiatel'^  during  the  period  of  their  growth,  the  diminution  of  the  entire 
mass  would  be  extremely  slig^ht :  Etna  might  lose,  perhaps,  several 
miles  in  diameter  at  its  base,  and  som*'  hundreds  of  feet  in  elevation ; 
bat  it  would  still  be  the  loftiest  ol  Sicilian  mountains,  stwided  with 
other  cones,  which  would  be  recalled,  as  it  were,  into  existence  by  the 
removal  of  the  rocks  undei  ^vliich  they  are  now  buiied. 

Tliere  seems  nothing  in  tlie  deep  sections  of  the  Val  del  Bove  to  in- 
dicate that  the  lava-curreui;>  oi'  remote  periods  were  greater  in  volume 
than  those  of  modern  times  ;  and  there  are  abundant  proofs  that  the 
countless  beds  of  solid  rock  and  scoriae  were  accumulated,  as  now,  iu 
wcceaMon.  On  the  grounds,  therefore,  already  explained,  we  must 
infar  thai  a  mass  so  many  thousand  feet  In  thickness  must  have  required 
an  immense  series  of  ages  anterior  to  our  historical  periods  for  its  growth ; 
yel  the  wbote  most  be  regarded  as  the  produet  of  a  modem  portion  of 
the  tertiaiy  epoch.  Such,  at  leasts  is  the  cooclusioii  that  seems  to  M- 
lew  from  geological  data,  which  show  that  the  oldest  parts  of  the  rnoun- 
tain»  if  not  of  posterior  date  to  the  marine  strata  anmnd  its  base,  were 
^  at  least  of  coeval  origin. 

Some  geologists  contend,  that  the  sudden  elevation  of  large  continents 
from  beneath  the  waters  of  the  Stt  have  again  and  again  produced 
waves  which  have  swept  over  vast  r^ons  of  the  earth.*  But  it  is 
cleai"  that  no  devastating  wave  has  passed  over  the  forest  zone  of  Etna 
since  any  of  thr  lateral  cones  befon;  mentioned  were  thrown  up  ;  for 
none  of  these  heap-  of  loose  sand  and  scori.-e  could  have  resisted  for  a 
nii/ioent  the  denuding  action  of  a  violent  flood.  To  some,  perhaps,  it 
may  appear  that  bills  of  such  incoherent  materials  cannot  be  of  very 
great  antiquity,  because  the  mere  action  of  the  atmosphere  must,  in  the 
course  of  severa]  liiousand  years,  have  obliterated  their  original  forms. 
But  there  is  no  weight  in  this  objection  ;  for  the  older  hills  are  covered 
with  trees  and  herbage,  wliich  protect  tbem  from  waste ;  and,  in  regard 
to  the  newer  ones,  such  is  the  porosity  of  their  component  materials, 
that  the  rsm  which  falls  upon  them  is  instantly  absorbed ;  and  for  the 
same  reason  that  the  rivers  on  Etna  have  a  subterranean  course^  there 
are  none  deseeadtng  the  sides  of  the  minor  eones. 

No  sensible  alteration  has  been  observed  in  the  form  of  these  eonea 
nace  the  earliest  periods  of  which  there  are  roemoiials ;  and  then 
seems  no  reason  for  aaticipathig  that  in  the  course  of  tiie  next  ten 
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thousand  or  twenty  thoomd  years  tibey  will  undei^  any  great  altei*- 
tbn  in  their  appearance,  nnleaa  they  should  be  ahatlered  byearthqaakea 
•r  covered  by  volcanic  ojecUons. 

In  other  parts  of  Europe,  as  in  Auvergne  and  Velay,  in  France, 
similar  loose  cones  of  scoritr,  probably  of  as  high  antiquity  as  the  whole 
ma^  of  £toa,  stand  uninjared  at  inferior  elevations  above  the  levnl  oC 
the  sea. 


CHAPTER  XXVL 

Volcaaic  eruption  in  Icel;iii.i  ia  178" — 'Sew  MnnA  thrown  u|) — Lava  cirrpnts  of 
Skaptdr  Jokul,  in  Rome  year — their  iiuiueu>9u  vulumc — Eruption  of  JcruUo  m 
H«zioo— Hnmboldt's  theory  of  the  coovezitj  of  tbe  plain  of  Ifalpds— firap- 

tiou  of  Galongoon  in  Javit — Submarine  volcwioee — Graham  island,  formed  in 
1831 — Volcanic  aichipelagof.^  —  Subinnrino  cniptions  in  mid-Atlantic  —  The 
Canaries — Teneritfu — Cones  thrown  uj)  in  L:uicerote,  1730-3^ — ^Santorin  and 
its  contiguous  islea — Barren  island  m  the  Bay  of  Bengal — Mud  volcanoes— 
Mineral  compoaitioa  of  Tolcanie  prodncte. 

Vokank  erupthnt  in  Icdand, — With  the  exception  of  Staa  and  Ve- 
suvius, the  most  complete  chronological  records  of  a  series  of  eruptions 
are  those  of  Iceland*  for  their  history  reaches  as  far  back  as  the  ninth 
century  of  our  era;  and,  from  the  beginning  of  the  twelfth  centuiyp 
there  is  clear  evidence  that,  during  the  whole  period,  there  has  never 
been  an  interval  of  more  than  forty,  and  very  mrely  ono  of  twenty  years, 
without  either  an  eruption  or  a  great  earthquake.  So  intense  is  the 
energy  of  the  volcanic  action  in  this  region,  that  aome  eruptions  of 
Hecla  have  lasted  si.v  years  without  ceasing.  Earthquakes  have  often 
shaken  the  whole  island  at  once,  causing  great  chani^es  in  the  interior, 
such  as  the  sinking  down  of  hills,  the  rendinn;  of  mountains,  the  deser- 
tion by  rivers  of  their  channels,  and  the  appearance  of  new  lakes.* 
Xew  islands  have  often  been  thrown  up  near  the  coast,  some  of  which 
still  exist ;  while  others  have  disappeared,  either  by  subsidence  or  the 
notion  of  the  waves.  • 

In  the  interval  between  eruptions,  innumerable  hot  springs  aflSofd 
vent  to  subterranean  heat,  and  solfatatas  discharge  copious  atfeams  of 
inflamniablo  matter.  The  volcanoes  in  dififerent  parts  of  this  bland  are 
observed,  like  those  of  the  Phlegrasan  Fields,  to  be  m  activity  by  torns^ 
one  vent  often  servmg  for  a  time  as  a  safety-valve  to  the  rest,  lliny 
cooes  are  often  thrown  up  in  one  eruption,  and  in  this  case  they  take  a 
linear  direction,  running  generally  from  northeast  to  southwest,  from 
the  northeastern  part  of  the  island,  where  the  volcano  Krabla  Ikt,  t» 
the  pvQmontoiy  Beyktanas. 

•  Von  Hots,  vol  il  p.  898. ' 
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iVew  itUmd  thfovm  up  in  1783. — The  convulsioas  of  the  year  1763 
appear  to  have  been  more  tremendous  than  any  reeoitled  in  the  modern 
annab  of  Iceland ;  and  the  original  Danuh  narrative  of  the  eataatrophe, 
drawn  np  in  great  detail,  has  since  been  substantiated  bj  seTeral  English 
travellerBt  particularly  in  regard  to  the  prodigious  eitent  of  eouDtry  laid 
waste,  and  the  volume  of  lava  produced.*  About  a  month  previous  to 
the  eruption  on  the  mainland,  a  submarine  volcano  burst  forth  in  the  sea 
in  lat  63"*  25'  N..  long.  23""  44'  W.rat  a  distance  of  thirty  miles  in  a 
southwest  direction  from  Cape  Hcykianas,  and  ejected  so  much  pumice, 
that  the  oceao  was  covered  witli  that  substance  to  the  distance  of  150 
miles,  and  ships  wer6  considerably  impeded  in  their  course.  A  new 
island  was  thrown  up,  consistinii:  of  hicjh  chffs,  wifliin  which  fire,  smoke, 
and  pumice  were  emitted  from  two  or  three  ditien  nt  points.  This  island 
was  claimed  by  liis  Danish  Majesty,  who  denominated  it  NvOe,  or  the 
New  Island  :  but  before  a  year  had  elapsed,  the  sea  resumed  its  ancienl 
domain,  and  nothing  was  left  but  a  reef  of  rocks  from  live  to  thirty 
fathoms  under  water. 

Great  eruption  of  Skaplar  Jokal. — Karthcjuakes  which  had  long  been 
felt  in  Iceland,  became  violent  on  the  11th  of  June,  1783,  when  Skapt4i 
Joknl,  distant  nearly  200  miles  from  Nyoe,  threw  out  a  torrent  of  lava 
which  flowed  down  into  the  river  Skaptft,  and  completely  dried  it  up. 
The  channel  of  the  river  was  between  high  rocks,  in  many  places  from 
four  hundred  to  six  hundred  feet  in  depth,  and  near  two  hundred  in 
breadth.  Not  only  did  t^e  lava  iiU  up  this  great  defile  to  the  brink,  but 
it  overflowed  the  adjacent  fields  to  a  considerable  extent  The  buniing 
flood,  on  issuing  from  the  confined  rocky  gorge,  was  then  arrested  for 
some  time  by  a  deep  lake,  wliich  formerly  existed  in  the  course  of  the 
river,  between  Skaptardal  and  Aa,  which  it  entirely  filled.  The  current 
then  advanced  again,  and  reaching  some  ancient  lava  full  of  subterm- 
neous  caverns,  penetrated  and  melted  down  part  of  it :  and  in  some 
places,  where  the  steam  could  not  ijain  vent,  it  blew  up  the  rock, 
throwing'  IVaLcments  to  the  height  of  more  than  150  feet.  On  the  Itith 
of  Jun*'  another  ejection  of  liquid  lava  ruslied  from  the  volcano,  which 
tiowed  down  with  amazing  velocity  over  (he  surface  of  the  fH>t  stream. 
Bv  the  damming  up  of  the  mouths  of  some  of  the  tributaries  of  the 
fc^kapta,  many  villages  were  completely  overflowed  with  water,  and  thu» 
great  destruction  of  property  was  caused.  The  lava,  after  llovving  for 
sevend  days,  was  precipitated  down  a  tremendous  cataract  called  Stap- 
afoasb  wh<««  it  filled  a  profound  abyss,  wlueh  that  great  waterfidi  had 

*  The  flnt  nsmtiTe  of  the  emption  was  drawn  up  by  Stephenson,  fteii 
Chief  Justice  in  Iceland,  appointed  Commissioner  by  tbo  King  of  Denmark  for 
estimating  the  damage  done  to  the  country,  that  relief  might  be  afforded  to  the 
tuffercra.  Henderson  was  enabled  to  correct  some  of  the  mcasnremcDts  given 
bj  Stephenson,  of  the  depth,  width,  and  length  of  the  lava  current^  by  refer^ 
enc.'  '  '  the  M?^.  of  Mr.  Paulson,  who  visited  the  tract  in  17'J4,  and  examined  the 
Uv.i  ,vi;  i  attention.  (Journal  of  a  licaidcnce  in  Iceland,  p.  229.)  Some  of 
the  principal  facts  are  abo  ooRoborHted  by  Sir  William  Elooker,  in  his  "Tour  in 
iotlud,"  ToL  iL  p,  128. 
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beea  hoUowing  oat  for  aget,  and  after  ihk,  HaoSery  cnrrenl  again  oon* 

tinued  iU  course. 

On  the  third  of  August,  fresh  floods  of  lava  still  pouring  from  tho 
volcano,  a  now  ]»rnnch  vrns  sent  off  In  a  different  dir^^tion  ;  for  the 
cliannel  of  the  JSkapta  was  now  so  entirely  choked  up,  and  every  open- 
ing to  the  west  and  north  so  obstructed,  tliat  the  m'^-lted  matter  was 
lorced  to  take  a  new  course,  so  that  it  ran  in  a  suuilieast  duecLion,  and 
discharged  itself  into  the  bed  of  the  river  llverlistliot,  Avhere  a  scene  of 
destruction  scarcely  inferior  to  the  former  was  occasioned.  These  Ic«- 
liUidic  lavaa  (like  the  ancient  streams  which  are  met  v,iih  in  Auvcrgne, 
and  other  provmces  of  Central  France)^  are  stated  by  Stephenson  to 
have  aeemnulatad  to  a  prodigious  depth  in  narfow  rocky  gorges ;  but 
when  tbey  cama  to  iride  allnTial  plains*  they  spread  theniMlTea  out  into 
broad  burning  laJces*  KnnaCiines  from  twelve  to  fifteen  milea  wide*  and 
one  hundred  feet  deep*  When  the  "fiery  lake'*  which  filled  up  the 
lower  portion  of  the  valley  of  the  SkaptA  had  been  augmented  by  new 
supplies^  the  lava  flowed  up  the  course  of  the  river  to  the  foot  of  the 
hiUa  from  whence  the  Skapt4  takea  its  rise.  This  affinds  a  parallel  case 
to  one  which  can  be  shown  to  have  happened  at  a  remote  era  in  the 
volcanic  region  of  the  Vivarais  in  France,  where  lava  issued  fnMn  the 
eooe  of  Tbueyts^  and  while  one  branch  ran  down,  another  more  powerful 
stream  flowed  up  the  channel  of  the  river  Ard&che. 

Tlie  sides  of  the  valley  of  tho  Skapta  present  superb  rann^es  of  basaltio 
columns  of  older  lava,  resembhug  those  which  are  laid  open  in  the  val- 
leys descending  from  Mont  Dor,  in  Auvergne,  where  more  moflp?Ti  lava- 
currents,  on  a  scale  very  inferior  in  magnitude  to  those  of  Iceland,  have 
also  usurped  the  beds  of  the  existing  rivers.  The  eniption  of  Skaptar 
Jokul  did  not  entirely  cea.se  till  the  end  of  two  3'ears ;  and  when  Mr. 
Paulson  visited  the  tract  eleven  years  afierwarda,  in  1794,  he  Ivaud 
columns  of  smoke  still  rising  from  parts  of  the  lava,  and  several  rents 
filled  with  hot  water.* 

Although  the  population  of  Iceland  was  very  much  seattered»  and  did 
not  exceed  fifty  thousand,  no  less  than  twenty  viUagea  were  destroyed* 
besides  those  inundated 'by  water;  and  moro  than  nine  thousand  humaa 
beings  perished,  together  with  an  immense  number  of  cattle,  partly  by 
the  depredations  of  the  lava,  partly  by  the  noxkms  vapors  which  impicg- 
nated  the  air,  and,  in  part,  by  the  famine  caused  by  showers  of  aahei 
throughout  the  island,  and  the  desertion  of  the  coasts  by  the  fish. 

Immam  wohime  of  the  lava. — But  the  extraordinary  volume  of  melted 
matter  produced  in  this  eruption  deserves  the  particular  attention  of  the 
geologist.  Of  the  two  branches,  which  flowed  in  nearly  opposite  direc- 
tions, the  rrreatest  was  fifty,  and  the  lesser  forty  miles  in  length.  The 
extreme  breadth  which  the  Skapta  branch  attained  in  the  low  countries 
was  from  twelve  to  fifteen  miles,  that  of  the  other  about  seven.  The 
ordinary  height  of  both  currents  was  one  hundred  feet,  but  in  narrow 


*  Henderaoa'a  Journal,  ikc  p.  22&. 
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deBles  it  sometimes  amounted  to  six  hundred.  Professor  Bischoff  has 
calculated  that  the  mass  of  lava  brought  up  from  the  subterranean 
regions  by  tliis  single  eruption  *'  surpassed  in  magnitude  the  bulk  of 
Mont  Blanc."*  But  a  more  distinct  idea  will  be  foiTned  of  the  dimon-  ♦ 
sion^  of  the  two  streams,  if  we  consider  how  striking  a  feature  they 
would  now  fnrm  in  the  geology  of  England,  had  they  been  poured  out 
on  the  boft  irn  ^  f  the  sea  after  the  deposition  and  before  the  elevation  of 
our  secuad.in'  and  tertiary  rocks.  The  same  causes  wliich  have  exca- 
vated valleys  through  parts  of  our  marine  strata,  once  continuous,  might 
have  acted  with  equal  force  on  the  igneous  rocks,  leaving,  at  the  same 
tune,  m  saflioieBt  pofiion  nndestroyed  to  enable  vs  to  diioo?er  Ibeir  for- 
mer eitent  Let  us,  then,  imagine  the  tennination  of  the  Skapt^  bianeh 
of  lava  to  rest  on  the  eeearpment  of  the  iofetior  a&d  middle  oolite,  where 
it  «*fti«maiMi«  (he  vale  of  Gloneester.  The  great  .platform  might  be  one 
hvndrcd  feet  thiek»  and  from  ten  to  fifteen  milea  broad,  ezoeedlng  any 
wbich  eaa  be  fonnd  in  Centnd  France.  We  may  also  suppose  great 
tabular  masaes  to  occur  at  intenral?,  capping  the  summit  of  the  Cotswold 
Hills  between  Gloucester  and  Oxford,  by  Northieach,  Burford,  and 
other  towns.  The  wide  valley  of  the  Ojcford  clay  would  then  occa»on 
an  interruption  for  many  miles;  but  the  same  rocks  miglit  recur  on  the 
summit  of  Cumnor  and  Shot  over  Hills,  and  nil  the  other  oohtic  emi- 
nences of  that  district,  C)ti  the  chalk  of  Berkshire,  extensive  plateaus, 
six  or  seven  miles  wide,  would  again  be  formed ;  and  lastly,  crowning 
the  highest  sands  of  Iliu^hgate  and  Hampstead,  we  might  behold  some 
remnants  of  the  current  five  or  six  hundred  feet  in  thickness,  causing 
those  hills  to  rival,  or  even  to  surpass,  in  height,  Salisbury  Craigs  and 
Arthur's  Seat 

The  distance  between  the  extreme  points  here  indicated  would  not 
eieeed  nin^  miles  ia  a  direoi  line ;  and.we  might  then  add,  at  the  dis- 
tance of  nearly  two  hundred  miles  from  London,  along  the  coast  of 
Donetsbuie  and  Deyonshire,  for  example,  a  great  mass  of  igneous  rocks, 
to  represent  thoee  of  contempoiaiy  otigia,  which  wero  produced  beneath 
the  level  of  the  sqa,  where  the  island  of  TSjd^  rose  up. 

Volum$  ^ mmai  mid  modtm  Jlom  of  lam  cofitiMrtfi.— Tet»  gigantic 
ss  most  appear  the  scale  of  these  modem  volcanic  operations,  we  must 
be  content  to  regard  them  as  perfectly  insignificant  in  comparison  to 
curvenis  of  the  primeval  agec*  if  we  embrace  the  theoretical  views  of 
many  geologists,  which  were  not  inaccurately  expressed  by  the  late  Pro- 
fessor Alexander  Brongniarl,  when  he  declared  that  "aux  6poques 
g6ognosti(jues  anciennes,  tous  les  plienomenes  gcologiqiir---  se  possoient 
dans  des  dimensions  centuphs  de  celles  qu'ils  prescntent  aujQurd*hui.**f 
Had  Skapt4r  Jokul,  therefore,  been  a  volciUi<  >  (  t  the  olden  time,  it  would 
have  poured  forth  lavas  at  a  single  eruption  a  humlred  times  more  volu- 
minous Liiau  those  which  were  witnessed  by  the  present  generation  in 

•  Jameson's  PhiL  Joum.  vol.  xxvi.  p.  291 

f  TsUeav  das  Terrains  qm  compo«eai  i  ixorce  du  Giube,  Taris,  1829. 
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1783.  But  it  niiiy,  on  thiB  contrary,  be  affirmed  that,  among  the  older 
fonnatioiis,  no  igneous  rock  of  such  colossal  magnitude  has  yet  been  met 
with  ;  nny,  it  would  be  moat  difficult  to  point  out  a  mass  of  ancient  date 
(distinctly  referable  to  a  single  eruption)  which  would  even  rival  in 
volume  the  matter  poured  out  from  SkaptAr  Jokul  in  1783. 

Eruption  of  JoruUo  in  1759. — As  another  example  of  the  stupendous 
scale  of  modern  volcanic  eruptions,  I  may  mention  th  it  of  Jf^rnllo  in 
Mexico,  in  iToO.  The  great  region  to  which  this  muunlaiii  belongs  lias 
already  beea  dt  scribed.  The  plain  of  Malpais  forms  part  of  an  elevated 
platform,  between  two  and  three  thousand  feet  above  the  level  of  the 
sea,  and  is  bounded  by  hills  composed  of  basalt,  trachyte,  and  volcanic 
tuff,  clearly  indicating  that  the  country  had  previously,  though  probably 
at  a  remote  period,  been  the  theatre  of  igneous  action.  From  the  em 
of  the  discovery  of  the-Neir  World  to  the  middle  of  the  last  century,  the 
district  had  remained  undisturbed,  and  the  space,  now  the  site  of  the 
volcano,  which  is  Uiirty^six  leagues  distant  from  the  nearest  sea,  was 
occupied  by  fertile  fields  of  sugar-cane  and  indigo,  and  watered  by  the 
two  brooks  Cuithnba  and  San  Pedro.  In  the  month  of  June,  1Y59, 
hollow  sounds  of  an  alarming  nature  were  lieard,  and  earthquakes  sue* 
ceedcd  each  other  for  two  months,  until,  at  the  end  of  September,  flames 
issued  from  tlu;  ground ,  atid  fragments  of  burning  rocks  were  thrown  to 
prodigious  heights.  Six  volcanic  cones,  composed  of  scoriae  and  fila- 
mentary lava,  were  formed  on  the  Une  of  a  chasm  which  ran  in  the  direc- 
tion from  N.  N.  E.  to  S.S.  W.  The  least  of  these  cones  was  300  feet  in 
height:  and  .Tonillo,  the  central  volcano,  was  elevated  1600  fci  t  above 
the  level  of  the  plain.  It  sent  forth  great  streams  of  basaltic  lava,  con- 
taining included  fragments  of  granitic  rocks,  and  its  ejections  did  not 
cease  till  the  month  of  February,  1760.* 

Humboldt  visited  the  country  more  than  forty  years  after  this  occur- 
rence, and  was  informed  by  the  Indians,  that  when  they  returned,  long 
after  the  catastrophe,  to  the  plam,  they  found  the  ground  uninhabitable 
from  the  excessive  heat*  When  he  himself  visited  the  place,  there 
appealed,  around  the  ba^  of  the  cones,  and  spreading  from  them,  as 
from  a  centre,  over  an  extent  of  four  square  miles,  a  mass  of  matter  of 
a  convex  form,  about  550  feet  high  at  its  junction  with  the  cones,  and 
gradually  sloping  from  them  in  all  directions  towards  the  plain.  Ibis 
mass  was  still  in  a  heated  state,  the  temperature  in  the  fissures  being  on 


tf^  Sammlt  of  Jorulio.  5,  e,  Inclined  plaM  Biopiog  at  an  angl«  of  4P  from  the  baee  of  tb«  watt 

the  decrease  from  year  to  year,  but  in  1780  it  was  still  sufficient  to  light 
a  dgar  at  the  depth  of  a  few  inches#  On  this  sightly  aonvex  pn>tuber> 


*  Baubeny  ou  VolcaDoefl^  p. 
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aiiec^  tht  slope  of  whieh  must  fom  an  angle  of  about  6^  niih  the  hori- 
no,  were  tbonaaodB  of  fiattish  coDical  mounds,  from  six  to  nine  feet  high, 
vbiob,  as  well  as  lai^ge  fissures  traversidg  the  plain,  acted  as  fumeroles, 
giring  out  ebuds  of  sulpburous  acid  and  hot  aqueous  vapor.  The  two 
MDsU  rivers  before  mentioned  disappeared  during  the  eruption,  losing  - 
tbemselTes  below  the  eastern  extremity  of  the  plain,  and  reappearipg  as 
bet  spriags  at  its  western  limit. 

Oimt  of  ifie  convexity  of  the  plain  of  Malpavt.'^^wxSbxAAt  attributed 
the  convexitj  of  the  plain  to  inflaiion  from  below ;  supposing  the  ground, 
for  four  scpinro  miles  in  extent,  to  have  risen  up  in  the  shape  of  a  blad- 
der to  the  elevation  of  550  feet  above  the  plain  in  the  high^t  part. 
But  Mr.  Scropc  has  suggested  that  i\\it  plienomrnn  mny  be  nrcounte^ 
lor  far  more  naturally,  by  supposing;  that  lava  liowinrr  simultane- 
ously from  the  difYerent  orifices,  and  principally  from  Jorullo,  united 
inioa>ur  L  of  pool  or  lake.  'As  they  were  poured  forth  on  a  surface 
previously  ll:it,  they  would,  if  their  liquidity  was  not  very  great,  remain 
llicke>t  and  deepest  near  their  source,  and  diminish  in  bulk  from  thence 
towards  the  limilii  of  the  space  which  they  covered.  Fresh  supplies 
Here  probably  emitted  successively  during  the  course  of  an  eruption 
vhich  lasted  more  than  half  a  year ;  and  some  of  these>  resting  on  those 
fint  emitted,  might  only  spread  to  a  small  distance  from  the  foot  of  the 
eooe,  where  thej  would  necessaril j  accumulate  to  a  great  height*  The 
svenge  slope  of  the  great  dome-shaped  volcanoes  of  the  Sandwich 
Idands,  formed  almost  exclusively  of  lava,  with  scarce  any  scoriae,  is 
tietween  6<>  30'  and  7<>  46^  so  that  the  IncliDation  of  the  conTcz  mass 
around  JoruUo,  if  we  adopt  Mr.  Scrope's  explanation  (see  fig.  57),  Is 
qtute  in  accordaooe  with  the  known  laws  wluch  govern  the  flow  of  lava. 

The  showers,  also,  of  loose  and  pulverulent  matter  from  the  six  cra- 
ters, and  principally  from  JoruUo,  would  be  composed  of  heavier  and 
more  bulky  particles  near  the  cones,  and  would  raise  the  ground  at 
their  base,  where,  mixing  with  rain,  they  might  have  given  rise  to  the 
strrttum  of  blaek'clay,  which  is  described  as  coverincj  the  lava.  The 
small  conical  mounds  {called  "  hornitos,"  or  httle  ovens)  may  resemble 
those  five  or  six  small  hillocks  which  existed  in  1823  on  the  Vesuvian 
lava,  and  sent  forth  columns  of  vapor,  havinf,'  been  produced  by  the 
disengagement  of  elastic  fluids  heapin*^  up  small  dome-shaped  masses 
of  lava.    The  fissurea  mentioned  by  Humboldt  as  of  freijuent  occurrence, 
are  such  as  might  naturally  accompany  the  consolidation  of  a  thick  bed 
<tf  kva,  convicting  as  it  coogeals ;  and  the  disappearance  of  rivers  ia 
the  usual  result  of  the  occupation  of  the  lower  part  of  a  valley  or  plain 
by  lava,  of  which  there  are  many  beautiful  examples  in  the  old  kva* 
canenta  of  Auvergne.   The  heat  of  the  "  hornitos"  is  stated  to  hav«s 
dSminisbed  from  the  first ;  and  Mr.  Bullock,  who  visited  the  spot  many 
years  aiter  Humboldt,  found  the  temperature  of  the  hot  spring  very 
low, — a  fact  which  seems  clearly  to  indicate  the  {gradual  congelation  ot 
a,  subjacent  bed  of  lava,  which  from  its  immeose  thickness  may  have 
been  enabled  to  retain  its  heat  for  half  a  century.  The  n»der  may  be 
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reminded,  tbat  whea  ire  thus  mppoM  Uie  kva  near  tlw  volcano  to  bava 
been,  together  irith  the  ejected  ashee,  more  tium  five  hundred  feet  ia 
depth,  we  merely  assign  a  thichneee  which  the  cnirent  of  Skaptir  Jokn. 
attained  in  eome  iilaeea  in  1783. 

Bbilew  iound  ofthBpiain  when  itmek, — Another  argument  addneed 
in  support  of  the  theory  of  inflation  from  below,  vms,  the  hollo^  lonnd 
made  by  the  steps  of  a  horse  npon  the  plain ;  which,  howevtr,  proiee 
nothing  more  than  that  the  materials  of  which  the  convex  mn  is  com- 
posed are  light  and  porous.  The  sound  called  "  rimbombo"  by  the 
Italians  is  very  commonly  returned  by  mnrlf  qronnd  when  struck  sharply; 
and  has  been  observed  not  only  on  the  sides  of  Ves;:vius  and  other  vob 
canic  cones  where  tlierc  is  a  cavity  below,  but  in  such  regions  as  the 
Campagna  di  Roma,  composed  in  a  great  me;isure  of  tuff  and  porous 
volcanic  rocks.  The  reverberation,  however,  may  perhaj^s  be  assisted 
by  grottoes  and  caverns,  for  thes  ■  may  be  as  numerous  in  the  lava.s  of 
jorullo  as  in  many  of  those  of  Em.i ,  but  their  existence  would  lend  no 
countenance  to  the  hypothesis  of  a  great  arched  cavity,  four  square 
miles  in  extent,  and  in  the  centre  550  feet  high.* 

No  neent  enpHoM  Jorullo. — ^In  a  former  edition  I  stated  that  I 
had  been  informed  by  Captain  Vetch,  that  m  1819  a  tower  at  Giiiid»- 
hoaia  was  thrown  down  by  an  earthquake,  and  that  ashes,  snppoeed  to 
have  come  from  Jomllo,  fell  at  the  same  time  at  Guanazuato,  n  town 
ntuated  140  English  miles  from  the  Toleano.  But  Mr.  BuiUiaidt,  a 
German  director  of  mines,  who  examined  Jorutto  in  1B21,  aacertmned 
that  there  had  been  no  emption  there  since  Humboldt's  visit  in  1803. 
He  went  to  the  bottom  of  tiic  crater,  and  observed  a  slight  cvoltttioii  oi 
sulphurous  add  Tapors,  but  the  "  homitos"  had  entirely  ceased  to  send 
forth  steam.  During  the  twenty-f')ur  years  intervening  between  his 
visit  and  that  of  Humboldt,  vegetation  hud  made  great  progress  on  the 
flanks  of  the  new  hills :  the  rich  soil  of  the  surroundincT  country  avas 
onrc  more  covered  with  luxuriant  crops  of  sugar-cane  and  indigo,  and 
there  was  an  abundant  growth  of  natural  underwood  6n  all  the  uncul- 
tivated tracts. f 

Galonffooii,  Java^  1822. — The  mountain  of  Galongoon  (or  Galuog 
Gung)  was  in  1822  covered  by  a  dense  forest,  and  situated  in  a  fniitful 
and  thickly-peopled  part  of  Java.  There  was  a  circular  hollow  at  its 
summit,  but  no  tradition  existed  of  any  former  eruption.  In  July,  1 822, 
the  waters  of  the  river  Kunir,  one  of  those  which  flowed  from  its  flanks, 
became  for  a  tune  hot  and  turbid.  On  the  8th  of  October  following  a 
loud  explodon  was  heard,  the  earth  shook,  and  immense  columns  of  hoi 
water  and  boiling  mud,  miied  with  bunung  brimstone,  ashes,  and  1apiUi» 
of  the  size  of  nuts,  were  projected  from  the  mountain  like  a  waterspoat» 
with  such  prodigious  violence  that  large  quantities  fell  beyond  the  met 
l^doi,  wUch  is  forty  miles  distant  ETery  valley  withm  the  no^  ol 

•  See  Scropo  on  Volcanoes,  p.  267. 

\  Leonhard  Aod  Amm's  Nenm  Jshrbacb,  ISSft,  p.  S6b 
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UuB  eraptioo  beoame  filled  wiUi  a  baniDg  Umut,  and  tbe  rivan,  awol* 
lea  with  hot  water  and  mud,  overflowed  their  baiiks»  and  carried  away 

great  numbers  of  the  people,  who  were  endea?orbg  to  escape,  and  the 
bodies  of  cattle^  wild  beasts^  and  birds.  A  space  of  twenty-four  nulea 
between  tbe  mount nin  and  tbe  river  Taodot  was  covered  to  atieh  a 
depth  with  bluish  mud  that  people  were  buried  in  their  houses,  and 
net  a  trace  of  the  numerous  villages  and  plantations  throughout  that 
»^\tent  was  visible.  Within  this  space  the  ho'lio'^  of  those  who  perished 
were  buried  in  mud  and  concfTilofl ,  bnt  near  the  limits  of  tlic  volcanic 
action  they  were  exposed,  and  strewed  over  tbc  ground  in  great  num- 
bers, partly  boiled  and  partly  burnt. 

It  was  rcmarketl,  that  the  boiling  mud  and  cinders  were  projected 
with  such  violence  from  the  mountain,  th.it  while  many  remote  villages 
were  utterly  destroyed  and  buried,  others  much  nearer  the  volcano 
were  scarcely  injured. 

The  first  eniplion  lasted  nearly  five  hours,  and  on  the  following  days 
the  rain  fell  in  torrents,  and  the  titen,  densely  eha]|red  with  mud, 
deluged  the  oonntry  far  and  wide.  At  the  end  of  four  days  (October 
12tii)  a  second  emption  ocemred  more  violent  than  the  first,  in  which 
hot  water  and  mud  were  again  Tovited,  and  great  blocks  of  basalt  were 
thrown  to  the  distance  of  seven  miles  from  the  volcano.  There  was  at 
the  same  time  a  violent  earthquake,  and  in  one  account  it  is  stated  that  the 
&ee  of  the  mounttdn  was  utterly  changed,  its  summits  broken  down,  and 
one  side,  which  had  been  covered  with  trees,  became  an  enormous  gulf 
in  the  form  of  a  semicircle.  This  cavity  was  about  midway  between  the 
summit  and  thp  plain,  and  surrounded  by  steep  rock??,  said  to  be  newly 
heaped  up  during  the  eni?)tion.  Xew  hills  and  valleys  are  said  to  have 
fx'oii  formed,  and  the  rivers  Banjarang  and  Widan  changed  their  course, 
and  in  one  night  (October  12th)  2000  persons  were  killed. 

The  fir^jt  intimation  whicli  the  inhabitants  of  Bandong  received  of  this 
calamity  on  tlie  8th  of  October,  was  the  news  that  tiie  river  Wulnii  was 
bearing  down  into  the  sea  the  dead  bodies  of  men,  and  the  carcasses  of 
stags,  rhinoceroses,  tigers,  and  other  ammals.  Tbe  Dutch  pamter  Payen 
detennmed  to  travel  from  thence  to  the  vokano,  and  he  found  that  the 
qnaotity  of  the  ashes  duninished  as  he  approached  the  base  of  the  mono* 
tatn.  He  alludes  to  the  altered  form  of  the  mountain  after  the  12th, 
bnt  does  not  describe  the  new  semicircular  gulf  on  ite  side. 

The  official  aeoounto  state  that  114  villages  were  destroyed,  and  above 
4000  persons  killed.* 

Submarine  voUatnoei, — ^Although  we  have  every  reason  to  believe  that 
volcanic  eruptions  as  wdUi  as  earthquakes  are  common  in  the  bed  of  the 
sea,  it  was  not  to  bo  expected  that  many  opportunities  would  occur  to 
scientific  observers  of  witnessing  the  phenomena.    Tho  crews  of  vessel 
have  sometimes  reported  that  they  have  seen  in  dijOterent  places  sulphur- 

•  Vao  der  Boon  Ifosdv  de  Awsndib  Maotitnii  Jvrm,  ^  Lwd.  BbI  1886 ; 
and  Official  Report  of  the  Fresidant,  Bsnm  Van  der  OkpdlMi;  slto^  Yon  Bach, 
Be*  Ganar.  pw  424. 
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Otis  smoke,  flame,  jets  of  water,  apd  steam,  riuog  up  from  tbe  sea,  or 

they  have  obsen  ed  the  waters  greatly  discolored,  and  id  a  state  of  vio- 
lent  agitation  as  if  boiling.  New  shoals  have  also  been  encountered,  or 
a  reef  of  rocks  jnst  emerging  above  the  surface,  where  previously  then 
was  always  supposefl  to  have  been  deep  water.    On  some  few  occasions 

the  ^adiml  formation  of  an  island  by  a  submarine  cniption  has  been  ob- 
served, as  that  of  Sabrinr\,  in  the  year  1811,  otf  St.  Michacrs  in  the 
Azores.  The  throwing  up  of  aslics  in  that  casp,  and  the  formation  of 
a  cone  about  three  hundred  feet  in  heiglu,  with  a  crater  in  the  centre, 
closely  rosembk'd  the  phenomena  usually  accompanying  a  volcanic  erup- 
tion on  land.  Sabrina  was  soon  washed  uway  by  the  waves.  Previous 
eruptions  in  the  same  part  of  tliu  sea  were  recorded  to  have  iiappened 
in  1691  and  1720.  The  rise  of  Nyde,  also,  a  small  island  oti  the  coast 
of  Iceland,  ia  1788,  has  already  been  alluded  to ;  and  another  Tolcanic 
isle  was  produced  by  an  eruption  near  ReikiaTig,  on  the  same  coast,  in 
June,  1880.* 

Graham  lekmdj,  1681. — We  have  still  more  recent  and  minnte  infor- 
mation rejecting  the  appearance,  in  1881,  of  a  new  volcanic  island  in 
the  Mediterranean,  between  the  S.  W.  coast  of  Sicily  and  that  projecting 
part  of  the  African  coast  where  andent  Carthage  stood.  The  site  of  the 
island  was  not  any  part  of  the  great  shoal,  or  bank,  called  **  Nerita,"  as 
was  first  asserted,  but  a  spot  where  Captain  W.  U.  Smyth  had  found, 
in  his  survey  a  few  yeafs  before,  a  depth  of  more  than  one  hundred 
tiathoms  wator.| 

The  position  of  tlie  island  (Int.  37°  8'  30"  N.,  lon^r.  12»  42'  15"  E.) 
was  about  thirty  miJcs  S.  W.  of  Sciacca,  in  Sicily,  and  thirty-thrte  milos 
K.  E.  of  Pantellana.§  On  the  28th  of  June,  about  a  fortnijjht  before 
the  enijition  was  Vi:>ib]t',  Sir  Pulteney  Malcolm,  in  pasbiui;  over  tlie  spot 
in  his  ship,  felt  the  siiocks  of  an  earthquake,  as  if  he  had  struck  on  a 
sand-bank  ;  and  the  same  shucks  were  felt  on  the  west  co;Lst  of  Sicily, 
in  a  direction  from  S.  W,  to  N.  E.  About  the  10th  of  July,  John 
Corrao,  the  captain  of  a  Sicilian  vessel,  reported  that,  as  he  passed  near 
the  place,  he  saw  a  column  of  water  like  a  water-spout,  sixty  feet  h^h, 
and  800  yards  in  cirenraference,  rising  from  the  sea,  and  soon  afterwarda 
a  dense  steam  in  its  pl  iLi ,  which  ascended  to  the  height  of  1800  feet- 
The  same  Corrao,  on  his  return  from  Giigenti,  on  the  18th  of  Jnly^ 
found  a  small  island,  twelve  feet  high  with  a  crater  in  its  centre,  eject* 
ing  volcanic  matter,  and  immense  columns  of  vapor ;  the  sea  around  bein^ 

*  Journ.  de  G^oL  tome  i. 

■j-  In  a  former  edition,  T  solcoled  tlio  name  of  Sciftcca  out  of  scvfn  wliirh  liad 
been  proposed ;  but  the  Itoynl  and  Geographical  Societies  have  now  adopted 
Oraham  Iciland ;  a  name  given  by  Capt.  Senhonso,  R.  N..  tbe  first  who  sooeeedfd 
in  lamlltii;  on  it.  Tlie  M-vcn  rival  natut-s  are  Nerita,  Ferdinauda,  ITotliani.  Grahain, 
CSorrao^  Sciacca,  Julia.  As  the  isle  was  visible  fur  onlv  about  three  niontbs^  this 
is  an  instance  of  a  wanton  mnUipUcation  of  synonyms  which  has  scarcely  ever  bSMt 
cmtdone  even  in  the  nnnals  of  zoology  and  Mtsny. 

\  Phil.  Trnn*.  p.  CSft. 

Journ.  of  Roy.  Geograph,  Soc  1830-31. 
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Fono  «( ttw  dUb  of  Qnluun  IsUod,  m  wen  from  &  8.  £1,  disUot  oim  mile,  7tb  AnfUl^  UBL^ 

eorercd  with  floaUng  dndm  and  dead  fish.  The  scoriae  were  of  t 
ehooolato  color,  and  the  water  which  boiled  in  the  circular  bosm  was  of 

Fig.&a. 


VkMroTtlM  taiteriororOnlnm  Idtad,  9Mi  Sqit,  1881. 


A  dingy  red.  The  eruption  continued  with  great  violence  to  the  end  of 
the  same  month ;  at  which  time  the  bland  was  visited  by  several  per* 


Flf.  60. 


Miam  bland,  SMk  flopfc,  U3tt 


*  PhiL  TnuMk  part  il  188S,  redaoed  from  drawings     Cnnt  Wodabonw,  R.  N. 

f  In  the  annexed  hketch  60),  drawn  by  M.  JoiDvillc.  who  accompanied 
Preyost,  the  beds  teem  to  bIodo  towards  the  centre  of  the  crater ;  but  I  am 
iliBmied  by  M.  Frvfoit  that  fheae  lioes  were  not  intended  by  tbo  nrtiat  to  repre- 
Mat  the  dip  of  the  bedn 

28 
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MOOS,  and  among  otheis  by  Cupt,  8wrobiinie»  IL  N.,  and  M.  Hoffintnu, 

fhe  Prusaan  ge<^ogist.  It  was  then  from  fifty  to  ninety  feet  in  beigbtp 
and  tbree-qiiarten  of  a  mile  in  cirQumferenoe.  By  the  4tb  of  Augmft 
U  became,  aeootdiog  to  some  accounta,  above  200  feet  high,  and  three 
miles  in  cireumlimiee ;  after  which  it  began  to  diminish  in  size  by  the 
action  of  the  waves,  and  it  was  only  two  miles  round  on  the  2oth  of 
August ;  and  on  the  3d  of  September,  whon  it  was  cart-fully  examined 
by  Captain  Wodehouse,  onlv  three-fifths  of  a  mile  in  circumforence  ;  its 
greatest  height  being  then  107  feet.  At  this  time  the  crater  wjus  about  790 
feet  in  circumference.  On  the  29th  of  September,  when  il  was  visited 
bjMons.  C.  Prevost,  its  circumference  was  reduced  to  about  700  yards. 
It  was  composed  entirely  of  incoherent  ejected  matter,  scorixc,  pumice, 
and  lapiiii,  forming  regular  strata,  some  of  which  are  described  as  hav- 
ing been  parallel  to  the  steep  inward  slope  of  the  crater,  while  the  rest 
were  inclined  outwards,  like  those  of  Vesuvius.*  When  the  arrangemeot 
of  the  ejected  raateriala  has  been  determined  by  tbeir  falling  conloraaUy 
on  two  Bleep  slopes,  that  of  the  external  oone  and  that  of  the  omter, 
which  is  alwaya  a  hollow  inverted  cone,  a  tiunsrersc  aeetion  would 


Fig.  41. 


probably  resemble  that  giyen  ia  the  annexed  figure  (01).  But  when  I 
Tisitcd  YcsuTiua,  in  1828, 1  saw  no  beds  of  scorim  inclined  towards  the 
axis  of  the  cone.  (See  fig.  45,  881.)  Such  may  have  once  existed ; 
but  the  e.\plosions  or  subsidences,  or  whatever  causes  produced  the 
great  crater  of  1 822,  had  possibly  destroyed  them. 

Few  of  the  pieces  of  stone  thrown  out  from  Graham  Isl;md  e.vceoded 
a  foot  in  dinmnter.  Some  frnifments  of  dolomitic  limestone  wr rr  inter- 
mixed; but  these  were  the  onlv  non-volcanic  snhstances.  During  the 
month  of  August,  tliere  occurred  on  the  S.  W.  side  of  the  new  island 
a  violent  ebullition  and  agitation  of  the  sea,  accompanied  by  the  con- 
stant ascension  of  a  column  i»i  dense  white  steam,  indicaUDg  tlic  exist- 
ence of  a  second  vent  at  no  great  depth  from  the  surface.  Towards 
the  close  of  October,  no  vestige  of  the  crater  remained,  and  the  island 
was  nearly  levelled  with  the  surface  of  the  ocean,  with  the  exception, 
at  one  point,  of  a  email  monticule  of  aand  and  scotiae.  It  was  reported 
that,  at  the  commencement  of  the  year  following  (1832),  there  was  a 
dep^  of  150  feet  where  the  island  had  been:  but  this  aceowit  was 
quite  erroneous;  for  in  the  early  part  of  that  year  Captain  Swinbune 
found  a  shoal  and  discolored  water  there,  and  towards  the  end  of  1893 
A  dangeroin  reef  existed  of  an  oval  figure,  about  three*fiftbs  of  a  mile 
in  extent.  In  the  centre  was  a  black  rodt,  of  the  diameter  of  about 

•  See  Munoir  hy  H.  0.  Prevost,  Jam.  dea  ScL  Nti,  tooLXsiT. 
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twenty -six  fathoms,  from  nine  to  eleven  feet  under  water ;  and  round 
this  rock  are  banks  of  black  volcanie  stones  and  loose  sand.  At  the 
distance  of  sixty  fathoms  from  this  central  mass,  the  depth  increased 
rapidly.  There  was  also  a  second  shoal  nt  the  distance  of  450  feet 
S.  W.  of  the  great  reef,  with  fifteen  feet  water  over  it,  also  composed 
of  rock,  surrounded  by  deep  sea.  We  can  scarcely  doubt  that  the  rock 
in  the  middle  of  tlie  ]ar<^'cr  reef  is  solid  lava,  which  rose  up  in  the  princi- 
pal cniter,  and  that  tlie  second  shoal  marks  the  site  of  the  submarine 
eruption  observed  in  August,  1831,  to  the  S.  \V.  of  the  island. 

From  the  whole  of  the  facts  above  detailed,  it  appears  that  a  hill 
eight  hundred  feet'or  more  in  height  was  fonned  by  a  submarine  vol- 
CBitto  Tent,  of  which  the  upper  part  (only  about  two  hundred  feet  high) 
enttiged  above  the  wakan,  so  as  to  form  an  isbnid.  This  oone  must 
haTC  been  equal  in  saie  to  one  of  the  hugest  of  the  hitend  Toloanoea  on 
the  flanks  of  Etna,  and  about  half  the  he^ht  of  the  mountain  Jorullo 
in  Mexioo^  which  waa  fonned  in  the  ooune  of  nine  months^  in  1769.  In 
the  centre  of  the  new  Tolcano  a  laige  cavity  was  kept  open  hy  gaseous 
discharges,  which  threw  out  scori» ;  and  fluid  lava  probably  roae  up 
in  this  cavity.  It  is  not  uncommon  for  small  subsidiary  orateis  to  open 
near  the  summit  of  a  cone,  and  one  of  these  may  have  been  formed  in 
the  case  of  Graham  Island  ;  a  vent,  perhaps*  connected  with  the  main 
channel  of  discharge  which  gave  passage  in  that  direction  to  elastic 
fluids,  scorijE,  and  melted  lava.  It  does  not  appear  that,  either  from 
this  duct,  or  from  the  principal  vent,  there  w:is  any  overllowing  of  lava ; 
but  melted  rock  may  have  flowed  from  the  flanks  or  base  of  the  cone 
(a  common  occurrence  on  land),  and  may  have  spread  in  a  broad  sheet 
over  the  bottom  of  the  sea. 

Tlie  dotted  lines  in  the  annexed  tv^me  are  an  imaginary  restoration 
of  the  upper  part  ot  the  cone,  now  removed  by  the  waves :  the  strong 
lines  represent  the  part  of  the  volcano  which  is  still  under  water:  in 
the  centre  is  a  great  column,  or  dike^  of  solid  lava,  two  hundred  feet  m 
diameter,  supposed  to  fill  the  space  by  which  the  gaseous  fluids  rose ; 
and  on  each  n&e  of  the  dike  is  a  stratified  mass  of  scoriae  and  fragmen- 


Fig.  62. 


Boppoied  teetfon  of  Graham  Itland.  (G  Maclaren  .*) 


tary  lava.  The  solid  nucleus  of  the  reef,  where  the  black  rock  is  now 
found,  withstands  the  movements  of  the  sea;  while  the  surrounding 
loose  tufia  are  cut  away  to  a  somewhat  lower  level.  In  this  manner  the 

•  Qeol  of  Fife  and  the  Lothisus  p.  41.   £din.  1889. 
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lava,  \vbich  was  the  lowest  part  <»f  the  island,  or,  to  speak  more  cor 
rectly,  which  scarcely  evte  rose  above  the  level  of  the  aea  wheo  the 
island  eiiated»  hat  nam  become  the  highest  point  m  the  reef. 

No  appearances  observed,  cither  during  the  eruption  or  since  the 

islrind  disappeared,  ^^nvf*  the  IcjLst  support  to  tlic  opinion  promulg-ated 
by  s;ome  writers,  that  part  of  the  ancieat  bed  of  the  sea  had  been  lifted 

up  bodilv. 

The  solid  products,  says  Dr.  John  Da\T,  whether  they  consisted  of 
sand,  light  cinders,  or  vesicular  lava,  diliereti  more  in  form  than  in 
composition.  The  lava  contained  augite ;  and  the  specific  cfra^ity  was 
2  U7  iuid  2  70.  When  the  light  spongy  cinder,  which  floated  on  the 
SCO,  was  reduced  to  fine  powder  by  trituration,  and  the  greater  part  of 
the  entangled  «ir  got  rid  of,  it  was  foond  to  he  of  the  specific  gravity 
2*64 ;  end  that  of  some  of  the  sand  which  fell  in  the  emptkm  una 
2*75  80  that  the  materials  equalled  ordinaiy  granites  in  weight  and 
solidity.  The  only  gas  evolred  in  any  oonsidenible  quantity  was  car> 
honic  add.f 

SubtMorine  erupHoM  tn  mid'Athniie, — ^In  the  Nautical  Maguine  for 
•   1885,  p.  642,  and  for  1688,  p.  861»  and  in  the  Comptes  Eendns^  Apifl, 

1838,  accounts  are  given  of  a  series  of  Tolcamc  phenomena,  earthquakes, 
troubled  water,  floating  scorin  and  columns  of  smoke,  which  have  been 
'    obsenred  at  intervals  since  the  middle  of  the  last  century,  in  a  space  of 
open  sea  between  longitudes  20**  and  22°  west,  about  half  a  degree 

south  of  the  equator.  These  facts,  says  Mr.  Darwin,  seem  to  show, 
that  an  island  or  an  archipelnirn  j-^  in  process  of  formation  in  the  middle 
of  the  Atlantic  ;  a  line  joining  ISt.  Helena  and  Ascension  would,  if  pro- 
ioiii^ed,  intersect  this  slowly  nascent  focus  of  volcanic  action.^  Rhnnld 
land  he  eventually  formed  here,  it  will  not  be  the  first  that  has  been 
produced  by  igneous  action  in  this  ocean  since  it  was  inhabited  by  the 
existing  species  of  testacea.  At  Porto  Praya  in  St.  Jago,  one  of  ibe 
Azores,  a  horizontal,  calcareous  fstratura  occurs,  containing  shells  of 
recent  marine  species,  covered  by  a  great  sheet  of  basalt  eighty  feet 
thick.§  It  would  be  difficult  to  estimate  too  highly  the  commercial 
and  ]M>litlcal  importance  which  a  group  of  islands  might  acquire  if  in 
the  next  two  or  three  thousand  years  they  shonld  rise  in  nud-ocoaii 
between  St  Helena  and  Ascension. 

OAKABT  isLAiine. 

Eruption  in  Zaneerote,  llBO  to  1780.— The  effects  of  an  eruption 
which  happened  in  Lancerote,  one  of  the  Canary  Islands,  between  the 
years  1780  and  1788,  were  vety  remarkable;  and  a  detailed  descrip- 
tion has  been  publbhed  by  Yon  Buch,  who  had  an  opportunity,  wben 
he  visited  that  island  in  1815,  of  comparing  the  accounts  transmitted  to 
OS  of  the  event*  with  the  present  state  and  geological  appearances  of  the 

»  Pl>iL  Trans.  1832,  p  '  f  Ilml  p.  249 

X  Darwin's  Volcanic  lalaodfi,  p.  9S.  ^  Ibid.  p.  A. 
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coiioCiy.*^  On  tlie  Ist  of  September,  1730,  the  earth  iplit  open  on  a 
«iddeB  two  kegues  from  Yaiia.  lo  one  nigbl  a  eonridenble  bill  of 
ejected  nutter  was  tbroim  up;  and»  a  few  days  later,  another  Tent 

opened,  and  gave  out  a  lava-stream,  which  overran  Cbinaafaya  and 
-other  villages.  It  flowed  first  rapidly,  like  water,  but  became  after- 
wards heavy  and  slow,  like  honey.  On  the  7tb  of  September  an  im- 
mense rock  wns  protruded  from  tlie  bottom  of  the  lava  with  a  noise  like 
thunder,  and  tlie  stream  was  forced  to  change  its  course  from  N.  to 
K.  W  ,  '^o  thai  St.  CatJilina  and  otlier  villages  were  overflowed. 

Whetla  r  this  miim  was  protruded  by  an  earthquake,  or  was  a  mass 
of  ancient  lava,  blown  up  like  that  before  mentioned  in  1 1 in  Iceland, 
is  not  explained. 

On  the  11th  of  September  more  lav.j.  flowed  out,  Knd  covered  the 
village  of  Maso  entirely,  and  for  the  space  of  eight  days  precipitated 
itself  with  a  horrible  roar  into  the  sea.  Dead  fish  floated  on  the  waters 
hi  mdeaeifiwble  mitltitades,  or  were  thrown  dying  on  the  shores  After 
a  brief  intenral  of  repose,  three  new  openings  broke  forth  immediately 
from  the  site  of  the  oonsnroed  BU  Catalina,  and  sent  out  an  eoormons 
qnastity  of  lapilli,  sand,  and  aahes.  On  the  28th  of  October  the  cattle 
throogboai  the  whole  country  dropped  lifeleaa  to  the  ground,  softicated 
by  putrid  Yapors,  which  eondeuBed  and  fell  down  in  drops.  On  the 
1st  of  December  a  lava'Strsam  reached  the  sea»  and  formed  an  island, 
round  which  dead  fish  were  strewed. 

Number  of  eonu  Umnwn  up. — It  is  unnecessary  here  to  give  the 
details  of  the  overwhelming  of  other  places  by  fiery  torrents,  or  of  a 
storm  which  was  equally  new  and  terrifying  to  tlie  !nhjibitant=;,  as  th*^y 
had  never  known  one  in  their  country  before.  On  the  luth  o(  iMimrirv, 
1731,  a  high  hill  was  thrown  up,  which,  on  the  same  dav,  jirrcipi!  ited 
itself  back  a«^ain  into  its  own  crater :  fiery  I  roolia  of  lava  flowed  from  it 
to  the  bca.  On  the  3d  of  Fcbruaiy  a  jiew  cone  arose.  Others  were 
thrown  up  in  March,  and  poured  forth  lava-streams.  Numerous  other 
volcanic  cones  were  subsequently  formed  in  succession,  till  at  last  their 
number  amounted  to  about  thirty.  In  June,  1731,  during  a  renewal  of 
the  eruptions,  all  the  banks  and  shores  in  the  western  part  of  the  island 
were  covered  with  dying  fish,  of  diflerent  species,  some  of  which  had 
never  before  been  seeo.  Smoke  and  flame  aroae  from  the  aea,  with 
loud  detonations.  These  dreadful  commotions  ksted  without  tntenmpr 
tion  for  Jim  iueeemw  ymm,  so  that  a  great  emigratiOB  of  the  iohabitants 
became!  necessary. 

Umot  direction  . — As  to  the  height  of  the  new  cones.  Von  Buch 
was  assured  that  the  formerly  great  and  flourishing  St»  CataUna  lay 
bmied  fknder  hills  400  feet  ia  height;  and  he  observes  that  the  most 
elevated  cone  of  the  series  rose  600  feet  above  its  base,  and  1378  feet 
above  the  sea,  and  that  several  others  were  nearly  as  high.   The  new 

*  This  sooount  was  priDci  pally  derived  hy  V  on  Buch  from  tho  MS.  of  Doe 
Andre*  Lorenzo  Curbcto,  curate  of  Yaira,  the  point  where  the  emptioD  begsa 
-*i*UslMr  siaen  vnlcnshchep  Auabrocb  suf  der  liieel  I^merote. 
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vents  were  all  arranged  m  one  line,  abcrat  two  geographical  miles  long,' 
and  m  a  direction  neatly  east  and  west  If  we  admit  tlie  probabilitf  of 
Von  BncVs  conjecture,  that  these  vents  opeibd  along  the  line  of  a  cleft» 
it  seems  necessary  to  suppose  that  this  snbtermnean  fissure  was  on^ 
prolonged  upwards  to  the  surface  by  decrees,  and  that  the  rent  Tvas 
narrow  at  first,  as  is  usTinlly  the  case  with  fimres  caused  by  earths- 
quakes.  Lava  and  elastic  fluids  might  escape  from  some  point  on  the 
rent  whore  thore  was  least  resistance,  till,  the  first  aperture  becoming 
obstructed  by  ejections  and  th^  eonsolidation  of  lava,  other  orifices  burst 
opt^n  in  succession  aloni;  tlie  line  of  the  original  fissure.  Von  Puch 
found  that  each  crater  was  lowest  on  that  side  on  which  lara  h^jd 
issued  ;  but  some  craters  were  not  breached,  and  were  without  any  lava 
streams.  In  one  of  these  were  open  fissures,  out  of  which  hot  vapors 
rose,  which  in  1815  raised  the  thermometer  to  14.)  1  alireiiheit,  and 
was  probably  at  the  boiling  point  lower  down.  The  exhalations  . 
iieem»l  to  consist  of  aqueous  vapor ;  yet  they  could  not  he  purs  steam, 
for  the  crevices  were  incrusted  on  either  side  by  siliceous  sinter  (sn 
opaMike  hydrate  of  silica  of  a  white  cotor),  which  eitended  ahncst  to 
the  middle.  This  important  fact  attests  the  length  of  tisM  daring 
which  chemical  psoceaaes  contmue  after  eraptions,  and  how  open  fissures 
may  be  filled  op  laterally  by  mineral  matter,  sublimed  from  volcanic 
exhalations.  The  lavas  of  this  eruption  covered  nearly  a  third  of  the 
whole  island,  often  forming  on  sligbUy  inclined  planes  great  horizontal 
sheets  several  square  leagues  in  area,  resembling  very  much  the  basaliic 
platforms  of  Auvergnc. 

Pretended  disHnclion  between  ancient  and  modern  lavas. — One  of  the 
new  lavas  was  observed  to  contain  mn?s<^s  of  olivine  of  an  olive-green 
color,  resembling  tho^e  which  occur  ia  one  of  the  lavas  of  the  Vivarais. 
Von  Ikich  supposes  the  threat  crystals  of  olivine  to  have  been  derived 
from  a  previously  existing  basalt  melted  up  by  the  new  volcanoes ;  but 
we  have  scarcely  sufficient  data  to  bear  out  such  a  conjecture.  Thn 
older  rocks  of  the  island  consist,  iu  a  groat  measure,  oi  iliut  kind 
of  basaltic  lava  called  doleritc,  sometimes  columnar,  and  partly  of  com- 
mon basalt  and  amygdaloid.  '  Some  recent  lavas  assum^,  on  enteiing 
the  sea,  a  prismatic  fonn,  and  so  much  resembled  the  older  lavas  cf 
the  Canaries,  that  the  only  geulogical  distinction  which  Von  Bneh 
appeals  to  have  been  able  to  draw  between  them -was,  that  they  did 
not  alternate  with  conglomerates,  like  the  ancient  basalts.  Some 
modem  writers  have  endeavored  to  discover,  in  the  abundance  of  these 
conglomerates,  a  proof  of  the  dissimilarity  of  the  volcanic  action  ia 
ancient  and  modem  times  ;  but  this  character  is  more  probably  attribu- 
table to  the  diflference  between  submarine  operations  and  those  on  the 
land.  All  the  blocks  and  imperfectly  rounded  fragments  of  lava,  trans- 
durlng  the  intervals  of  eruption,  by  rivers  and  torrents,  into  the 
adjoininnr  sea,  or  torn  by  the  continued  action  of  the  waves  from  clife 
which  are  underniin.-d.  must  accumulate  in  stratified  breccias  and  con- 
glomerates, and  be  covered  again  and  agaia  by  other  lavas.    Ihii  is 
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mom  taUog  pboe  on  tbe  alioret  of  Sidly,  between  Oatania  and  Trona, 
wiiere  the  sea  breaks  down, and  eoyero  the  ahote  with  blocks  and  peb« 
bias  of  the  modem  lavaa  oC  ^na;  and  on  parts  of  the  ooast  of  Ischia» 

where  numerous  cunenta  of  tradiyte  are  in  like  manner  undermined  in 
lofty  precipices.  So  often,  then,  as  an  island  is  raised  in  a  volcanic 
archipelago  by  earthquakes  from  the  deep,  the  fundamental  and  (re]fl^ 
tively  to  all  above)  the  oldest  lava  will  often  bo  disdnguishablc  from 
those  formed  by  subsequent  eruptions  on  drj  laody  by  their  alteroatioii 
with  bodB  of  siiudstone  and  fragmentary  rock«;. 

The  suppas***!  w.int  of  identity,  then,  between  ilie  volcanic  phenomena 
of  different  epochs  ro^olves  itself  partlv  -vt  least  into  the  mfirked  differ- 
ence between  the  opemiioa.s  siruultan«,'ou»ly  in  pi  ogress,  above  and  below 
the  waters.  Such,  indeed,  is  the  source,  as  was  before  stated  in  the  First 
Book  ^Chap.  v.),  of  many  of  our  slrongc&t  theoretical  prejudices  in  ge- 
ology. No  sooner  do  we  study  and  endeavor  to  explain  submarine  ap- 
peamieea,  than  we  feel,  to  nie  acommoa  expression,  out  of  our  dement; 
and  auawilling  to  concede  that  our  extreme  ignoranee  of  processes  now 
continnally  going  on  can  be  the  cause  of  our  perpleidty,  we  take  refaga 
in  a  *'pie>eusteot  order  of  nature.'* 

Bteemt  firmaUtm  i^coUtk  tnmrim  in  Zaficaral^.— Throughout  a  eon- 
oderable  pari  of  Lancerote^  the  old  lavas  arc  coTCaed  by  a  thin  stratum 
of  lim^tone,  from  an  inch  to  two  feet  in  thickness.  It  is  of  a  hard  sta« 
laotitic  nature,  sometimes  oolitic,  like  the  Jura  limestone,  and  contains  frsg- 
annta  of  lava  and  terrestrial  slieils,  chiefly  ]i«  lic«-s  and  spiral  buHmi.  It 
sometimes  rises  to  the  height  of  800  feet  above  the  lovd  of  the  sea.  Yon 
Buch  imagines  that  this  remarkable  superstratum  has  been  produced  by 
the  furious  northwest  storms,  which  in  winter  drive  the  spniy  of  the  sea 
in  clouds  over  the  whole  island  ;  from  whence  calcareous  particles  may 
be  deposited  stalactitically,  Mr.  JDaiwiu  informs  me  that  he  found  n 
limestone  in  St.  Helena,  the  harder  parts  of  which  correspond  precisely  to 
the  stone  of  Loiucerote.  He  attributes  the  origiu  of  this  rock  iu  St.  Helena 
not  to  the  spray  of  the  sea,  but  to  drifting  by  violent  winds  o(  the  finer 
particlea  of  aheOa  from  the  aaa-beach.  Soma  parte  of  this  drift  are  sub- 
saquently  dissf^Ted  by  atmoapberio  moiature,  and  ledeposited,  so  aa  to 
convert  calcareous  sand  into  oolite, 

,RfeeiU  trupium  tnZoiMfrote.— >From  the  year  1736  to  181$,  when  Yon 
I  Buch  Tiaited  lancerote,  tberabad  been  no  mption ;  hai,  m  Auguat,  1834, 
a  crater  opened  near  the  port  of  Bescif,  and  formed  by  its  ejections,  in 
the  space  of  twenty-four  hours,  a  considerable  hill,  Violeat  earthquakea 
preceded  a  i  l  accompanied  this  eruption.* 

TtMriJl. — The  Peak  of  leaeriffc  is  about  12,000  feet  high,  and  stands, 
saya  V(m  Buch,  like  a  tower  encircled  by  its  fosse  and  bastion.  The  bas> 
tion  consists,  like  the  semicircular  escarpment  of  Somma  turned  towards 
Vesuvius,  of  precipitous  clill's,  composed  of  trachyte,  basalt,  coarse  ci»n- 
gkMnerates,  and  tu^,  traversed  by  voicaoic  dikes,  mostly  vertical,  and  of 

*  F^Quaiv  BoUetiu  de«  Scl  NaU  tomo  v.  p^  46 :  162&. 
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basalt.  These  clifis  vary  in  beigbt  from  1000  to  1800  feet,  and  aKsiip* 
*  posed  by  Yen  Buch  to  have  been  beavcd  up  into  their  present  poiiticNi 
by  a  force  exerted  from  below,  in  accordance  with  the  theoiy  proposed 
hj  the  same  author  for  the  ori^n  of  the  cones  of  YesuTiua  and  Etna. 
According  to  the  observation!?  of  M.  Dcville  in  1839*,  the  trachytes  arc 
often  [granitoid  in  their  aspect,  and  contain  instead  of  glassy  feldspar  the 
allied  mineral  called  oligoclasp,  which  had  been  previouslv  considered  as 
characteristic  of  more  ancient  igneous  rocks.  The  same  traveller  sup- 
poses, altlmuL^h  he  found  no  limestone  or  trace  of  fossils  in  any  of  the 
rocks  of  Teneriffe,  that  the  allemating  trachytes  iind  trachytic  conglom- 
erates originated  beneath  the  sea.  If  this  opinion  be  correct,  and  il  is 
at  least  very  probable,  geologists  may  still  speculate  on  two  modes  io 
which  the  mass  of  the  island  acquired  its  present  form  and  eletratiao 
above  the  aea*  Ist,  Hie  advocetes  of  Yon  Bach's  cniter^of-eleTtlioD 
bypotheek  may  imagme  that  a  Bucceesaon  of  horiioiitally  superimposed 
beds  were  upheaved  by  a  eadden  movement^  and  tilted  so  as  to  dip  m 
all  duectkms  outwards  from  the  centre  of  a  new  dome-ahaped  emmenee* 
in  the  middle  of  which  a  lai^^  openingp  or  bowl^ehaped  cavity  was  pio* 
duced.  2d]y,  Or  accofdiag  to  the  theory  which  to  me  appeais  prefer- 
able, a  submarine  hill  in  the  form  of  a  flattened  dome  may  have  giadup 
ally  accumulated,  partly  below  the  waters  and  partly  above  by  the  con- 
tinned  outpourings  of  sheets  of  lava  and  the  ejection  of  ashes  firom  a 
central  orifice.  In  this  case  the  dikes  would  represent  the  fissures,  which 
were  filled  during  successive  eruptions^  and  the  original  inclination  of  the 
beds  mav  h-wo  been  increased  by  the  distension  and  upheaval  of  the  mass 
during  reiterated  convulsions,  acting  most  forcibly  at  or  near  the  channel 
of  discharge,  which  would  become  partially  sealed  up  with  lavn  from  tirrfe 
to  time,  and  then  be  burst  open  again  during  eruptions.  At  length  the 
wliole  island  may  have  been  raised  bodily  out  of  the  sea  by  a  gradual 
upward  movement. 

Whatever  theory  we  adopt,  we  must  always  explain  the  abrupt  termi- 
naUon  of  the  dikes  and  layers  of  trachyte  and  basalt  in  the  steep  walls  of 
the  esoarpments  surrounding  the  great  crater  by  supposing  the  removal 
^  part  of  the  materials  onoe  prolonged  farther  inward  towards  the  eeotie. 
'  If>  according  to  the  elevatioa-erater  hypothesis,  a  series  of  aheels  of  lava 
tmd  ashes  originally  spread  over  a  level  and  even  surfiMse  have  been  vio- 
lently broken  and  uplifted,  why  do  not  the  oppoeite  walls  of  the  chasm 
correspond  in  such  a  manner  as  to  imply  by  their  present  ontfine  that 
they  were  formerly  united  ?  It  is  evident  that  the  precipices  on  opposite 
sides  of  the  crateriform  hollow  would  not  fit  if  brought  together,  there 
being  no  projecting  masses  in  one  wall  to  enter  into  indentations  in  the 
other,  as  would  happen  with  the  sides  of  many  minersl  veins,  trap^dfties, 
and  faults,  could  we  extract  the  intrusive  matter  now  separatii^  them, 
and  reunite  th'^  rocks  which  have  been  fractured  and  disjoined. 

Ihe  highest  crater  of  the  peak  has  merely  disengaged  sulphureous 

*  Uomptes  Rendtts  Acad.  Sci   Paris,  Juin,  184d. 
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vafK)rs  ever  since  it  has  been  known  to  Eui'opcans ;  but  an  cruptioc 
happened  in  June,  1798,  not  far  from  the  summit,  and  others  are  re- 
corded, which  poured  out  streams  of  lava  from  great  heights,  besides 
many  which  have  broken  out  nearer  the  level  of  the  sea.  All  theise,  how- 
ever, seem  to  be  dependent  on  one  great  centre  of  eruption,  or  on  that 
open  channel  communicating  between  the  interior  of  the  earth  and  the 
atmosphere,  which  terminates  in  the  highest  crater  of  the  peak. 

We  may  consider  Teneriffe,  then,  as  having  been  from  a  remote  period 
the  principal  and  habitual  vent  of  the  volcanic  archipelago  of  the 
Canaries.  The  discharges  which  have  taken  place  in  the  contiguous 
isles  of  Palma,  Lancerote,  and  the  rest,  may  be  of  a  subsidiary  kind,  and 
have  probably  been  most  frequent  and  violent  when  the  greater  crater 
has  been  partially  sealed  up,  just  as  the  violent  eruptions  of  Ischia  or 
that  of  Monte  Nuovo  coincided  with  the  dormant  state  of  Vesuvius. 

8ANTORIN. 

The  Gulf  of  Santorin,  in  the  Grecian  Archipelago,  has  been  for  two 
thousand  years  a  scene  of  active  volcanic  operations.  The  largest  of  the 
three  outer  islands  of  the  group  (to  which  the  general  name  of  Santorin 
b  given)  is  called  Thera  (or  sometimes  Santorin),  and  forms  more  than 
two-thirds  of  the  circuit  of  the  gulf  (see  Map,  fig.  63,  p.  442).  The 
length  of  the  exterior  coast-line  of  this  and  the  other  two  islands  named 
Therasia  and  Aspronisi,  taken  together,  amounts  to  about  thirty  miles, 
and  that  of  the  inner  coast-line  of  the  same  islands  to  about  eighteen 
miles.  In  the  middle  of  the  gulf  are  three  other  islands,  called  the 
Little,  the  New,  and  the  Old  "  Kaimenis,"  or  "  Burnt  Islands."  The 
accompanying  map  has  been  reduced  from  a  recent  survey  executed  in 
1848  by  Captain  Graves,  R.  N.,  and  shortly  to  be  published  by  the 
Admiraltv. 

Phny  informs  us  that  the  year  186,  b.  c,  gave  birth  to  the  Old  Kai- 
meni,  also  called  Hiera,  or  the  "Sacred  Isle,"  and  in  the  year  10  of  our 
era  "  Thia"  (the  Di\ine)  made  its  appearance  above  water,  and  wils  soon 
joined  by  subsequent  eruptions  to  the  older  island,  from  which  it  was 
only  250  paces  distant.  The  Old  Kaimeni  also  increased  successively  in 
size  in  726  and  in  1427.  A  centur)'  and  a  half  later,  in  1573,  another 
eruption  produced  the  cone  and  crater  called  Micra-Kaimeni,  or  "  the 
Small  Burnt  Island."  The  next  great  event  which  we  find  recorded 
occurred  in  1650,  when  a  submarine  outbreak  violently  agitated  the  sea, 
at  a  point  three  and  a  half  miles  to  the  N.  E.  of  Thera,  and  which  gave 
rise  to  a  shoal  (see  A  in  the  map)  carefully  examined  during  the  late 
survey  in  1848  by  Captain  Graves,  and  found  to  have  ten  fathoms  water 
over  it,  the  sea  deepening  around  it  in  all  directions.  This  eruption 
lasted  three  months,  covering  the  sea  with  floating  pumice.  At  the  same 
time  an  earthquake  destroyed  many  houses  in  Thera,  while  the  sea  broke 
upon  the  coast  and  overthrew  two  churches,  exposing  to  view  two  vil- 
lages, one  on  each  side  of  the  mountain  of  St.  Stephen,  both  of  which 
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must  bavc  been  overwhelmed  by  showers  of  volcanic  matter  dm mg  some 
previous  eruptions  of  unknown  date.*  The  accompanying  evolution  of 
sulphur  and  hydrogen  issuing  from  the  sea  killed  more  than  fifty  persons, 
and  above  1000  domeatic  animals.  A  wave,  also,  60  feet  high,  broke 
■pen  the  roeka  of  the  Isle  of  Kia»  about  fonr  leagues  diatant^  and  advanced 
460  jarda  into  the  interior  of  the  laland  of  S3dna  Lastly^  in  1707  and 
i709»  Kea'Kaimeai,  or  the  New  Burnt  lalaad,  was  fonned  between  the 
two  otherSp  Palaia  and  Hicra,  the  Old  and  Little  iales.  This  isle  waa 
composed  origmany  of  two  distinct  parte ;  the  first  which  -rose  waa  called 
the  White  Island,  composed  of  a  mass  of  pnintce,  extremely  porous. 
Gcree,  the  Jesuit,  who  was  then  in  Santorin,  says  that  the  rock  "cut 
like  bread,"  and  that,  When  the  inhabitants  landed  on  it,  they  found  n 
multitude  of  full-grown  fresh  oysters  adhering  to  it,  which  they  ate.f 
This  Tna?s  wns  afterwards  covered,  in  cfreat  part,  by  tlic  matter  ejected 
from  the  crater  of  a  twin-island  formed  simultaneously,  and  c:illed  Black 
Island,  consist inrr  of  brown  trachyte.  The  tracliytic  lava  which  rose  on 
this  spot  appears  to  have  been  a  lon^r  time  in  an  intiimf^scpnt  slate,  for 
the  New  Knirneni  was  sometimes  lowered  on  one  side  while  it  gained 
height  on  the  other,  and  rocks  rose  up  in  the  sea  at  different  distances 
from  the  shore  and  then  disappeared  again.  The  eruption  was  renewed 
at  intervals  duiing  the  years  1711  and  1712,  and  at  length  a  cone  wus 
piled  up  to  the  height  of  880  feet  above  the  level  of  the  sea,  its  exfterior 
•lope  forming  an  angle  of  88^  with  the  boriaon,  and  the  crater  on  \tr 
sununit  being  80  yards  in  diameter.  In  addition  to  the  two  pointa  of 
sabaerial  eruption  on  the  New  and  Little  Eaimenis,  two  other  cones, 
iadieatiiig  the  sitea  of  submarine  outbursts  of  nnknown'date,  were  dis- 
covered under  water  near  the  Kaimenis  during  the  late  aurvey. 

In  regard  to  the  *•  Wliite  Island,'*  wliich  was  described  and  visited  by 
Gofpe  in  1707,  we  are  indebted  to  Mr.  Edward  Forbes  for  having,  in 
1842,  carefully  investigated  the  layer  of  pumiceous  ash  of  which  it  is 
constituted.  He  obtained  from  it  many  shells  of  marine  genera,  Pectun- 
fziln^,  Area,  Cardita,  Trochus,  and  others,  both  univalve  and  bivalve,  all 
of  D'cent  Mediterranean  species.  They  were  in  a  fine  state  of  preserva- 
lion.  the  bivalves  with  the  epidermis  remaining,  and  valves  closed, 
sl)o\vin:j  that  tiiey  had  been  siuldenlv  destroyed.  Mr.  Forbes,  from  his 
fetudy  of  the  habits  of  the  mollusca  living  at  different  depths  in  the 
Mediterranean,  was  able  to  decide  that  such  an  assemblajj^e  of  species 
could  not  have  lived  at  a  less  depth  than  220  feet,  so  that  a  bodily  up- 
heaval of  ^e  mass  to  that  amount  must  have  taken  place  in  order  to 
bring  up  this  bed  of  aahea  and  shells  to  the  level  of  the  sea,  and  they 
BOW  rise  five  or  aiz  feet  above  that  level.| 

We  may  oompars  this  partial  elevation  of  solid  matter  to  the  rise  of  a 
hardened  emat  of  acorim,  such  aa  is  vanally  formed  on  the  surface  of 
tavapeorrenta,  even  while  they  are  in  motioiii  and  whieb»  although  stony 
and  capable  of  aupporting  heavy  weights,  may  be  upraised  without 

*  Yirlet,  BuU.  de  la  Soo,  Q4oL  da  France^tom.  iiL  pi  108. 
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Inmting  If  Ibe  Sntomeiicnoe  of  ihb  melted  matter  bdow.  Thift  the 
upheaval  was  mefdy  local  is  proved  by  the  fiot  that  the  neighborii^ 

Kaimems  did  not  participate  in  the  movement,  still  less  the  three  mate 
distant  or  outer  islands  before  mentioned.  The  history,  therefore,  of 
the  Kaimenis  ebows  that  they  have  been  the  result  oi  intermittent  action, 
and  it  lends  no  support  to  the  hypothesis  of  the  sudden  distension  of 
horizont'il  beds  blown  up  Bhe  a  bladder  hj  a  sii^le  parOKjamal  effort  of 
C'Kpansivc  g^ases* 

It  will  be  seen  by  the  accoiupanyiiitr  in  ip  and  sections,  that  the  Kai- 
menis are  arranged  in  a  linear  direcfioii,  running  N.  E.  and  S.  W.,  in  a 
manner  different  from  that  represented  m  the  older  charts.  In  tli^ir 
longest  diameter  they  form  at  their  base  a  ridge  nearly  biaeotiog  the  golf 
or  crater  (see  sections,  figs.  04,  Go). 

'  On  considering  these  fiicts  we  are  naturally  led  to  compare  the  smaller 
and  newer  islands  in  tlie  oentre  of  the  gulf  to  tbe  modem  oooe  of  Tess- 
Tiu8»  snmNmded  bj  the  older  semieiieiilar  eeearpmeiit  of  Somma,  or  to 
iikeo  them  to  the  Peak  of  Teneriflfo  before  desoribed,  aa  aanoaiidcd  bf 
ito  *'  fosse  and  bastion."  This  idea  wiU  .appesr  to  be  still  moR  Ml/ 
Goofirmed  when  we  study  tbe  sowidtngs  taluBa  doting  the  late  hydrs* 
(papbical  smrvsy.  There,  wbieb  eoostitntea  ahme  move  than  t«o*tMs 
of  the  outer  cirewtk  presents  everywhere  towards  the  gulf,  high  and 
eteep  precipices  composed  of  rochs  of  Tolcanic  origin.  In  ail  phctt 
near  tlie  base  of  its  cliffs,  a  depth  of  from  $00  to  1000' feet  of  water  was 
found,  and  Lieut.  Leycester  informs  us*  that  if  the  gulf,  which  is  six 
miles  in  diameter,  could  be  drained,  a  bowl-shaped  cavity  would  appear 
with  walls  2449  feet  high  in  some  places,  and  c%en  on  the  southwest 
side,  where  it  is  lowest,  nowhere  less  than  1200  iVet  high  ;  while  the 
Kaimi  111-  avi  uid  be  seen  tn  form  in  the  centre  a  hujre  mountain  fivo  and 
a  lialt  miles  in  circumlereiice  at  its  base,  with  three  prrncipal  >uni:niis 
(the  Old,  the  New,  and  the  Liftle  Burnt  Islands)  rising  severally  t<>  the 
heights  of  1251,  1629,  and  1108  feet  above  the  bottom  of  tbe  abyss. 
The  rim  of  the  great  caldron  thus  exposed  would  be  observed  to  be 
in  all  parte  perfeet  and  imbvoken,  except  at  one  point  where  thersiis 
deep  and  long  ehasm  or  ebannel,  known  by  mariners  as  '*  the  aoitl»fn 
entranee"  (B,  fig.  03)  between  There  and  Tlieiaaia»  and  called  by  Lieal 
Iieycester  "the  door  into  the  crster/'  It  is  no  leia  than  lltOfect 
deepk  and  constitutes,  aa  will  appear-  by  the  sovndnigs  (see  map),  a  ie- 
markable  feature  in  tbe  bed- of  the  sea.  There  is  no  comqMmdiiig 
ehannel  passing  out  from  the  gulf  into  the  Mediterranean  at  any  other 
point  in  the  circuit  betwe^  the  outer  iBiande*  the  greatest  depth  thoe 
ranging  from  7  to  66  feet. 

We  may  conceive,  therefore,  if  at  some  former  time  the  whole  ms-is 
of  Santorin  stood  at  a  hin^lier  Invel  bv  1'200  feet,  that  this  single  ravme 
or  narrow  valley  now  fi  rming  "  the  northern  entrance,"  was  the  passage 
by  which  tbe  sea  euter^  a  circular  bay  and  swept  out  in  the  form  ol 

*  See  a  paper  read  to  the  Geographical  Society  ia 
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mud  and  pebbles,  tUe  materials  derived  by  denudation  from  wasting 
cliffs.  Iq  this  manner  the  original  crater  may  have  been  slowly  widened 
«d  deepened,  after  whbh  tlie  whole  archipelago  may  have  been  partially 
mAiamtged  to  its  present  depth* 

Tbmt  sneb  oeeOIations  of  level  may  in  tiie  eoone  of  ages  iwve  taken 
plaee,  w31  be  the  more  itadilj  admitted  when  we  state  that  peii  of 
Thera  has  aetoally  souk  down  in  modeni  tones,  as,  for  emnpie,  during 
the  great  earthqmice  before  aUnded  to,  which  happened  in  1650.  The 
subaidaBee  alluded  to  is  proved  not  only  by  tradition,  bat  by  the  fiMt 
tbat  a  road  which  formerly  led  between  two  plaeea  on  the  east  eoast  of 
Tbera  h  now  twelve  fathoms  under  water. 

MM.  Boblaye  and  Virlet  mention,*  that  the  waves  arc  constantly  nn- 
derminint^  and  cn^ToarhiiijT  on  tlie  cliffs  of  Thenisia  and  Aspronisi,  and 
shfKils  or  '>uli!n;ii  ini'  li'*iL!;cs  found,  durinq-  the  late  survey,  fo  occur 
round  a  •j:r>''dt  part  of  llu'-c  i-lands,  ati»'stiii;jr  the  recent  progress  of 
denudation.  M.  VirlcL  ais^>  remarks,  in  regard  to  the  separation  of  the 
lbre<»  island*  iVn  tning  the  walls  of  the  crater,  that  the  channels  b<.'- 
tween  them  lue  all  lo  the  W.  and  is.  W.,  tlie  quarter  most  exposed  to 
the  waves  and  currents. 

Mr.  Darwin,  in  bis  work  on  Yokante  khmds,  haa  shown  that  in  the 
Maniiftiaa  and  in  Santiago,  there  ia  an  external  oirole  of  basaltio  rocks 
of  ynmt  diameter,  in  the  interior  of  which  more  modem  emptioos  have 
taken  plaeei  the  older  rocks  dipping  away  from  the  cential  apaeo  in 
evoiy  direction,  as  in  the  outer  islanda  of  Santorin.  He  refe»  the  nu« 
marotts  breaches,  some,  of  them  very  wide  in  the  external  ramparts  of 
thosa  islands,  to  the  denuding  action  of  the  sea.  Eveiy  geologist,  there- 
fore, will  be  preparsd  to  call  in  the  aid  of  the  same  powerful  cause,  to 
aeeount  for  the  removal  of  a  large  part  of  the  rocks  which  must  once 
have  occupied  the  interior  space,  in  the  same  manner  as  they  attribute 
the  abstraction  of  matter  from  elliptirnl  "  vallovs  of  elevation,"  such  m 
those  of  Woolhope  and  the  Wealdea  in  England,  to  the  waves  and  cur- 
rents of  tlie  sea. 

Thera,  Therasia,  and  AsjHouisi  are  all  composed  of  volcanic  matter, 
except  the  southern  part  of  Tliera,  where  Mount  St.  Elias  rises  to  three 
times  the  height  of  the  loftiest  of  the  igneous  rocks,  reaching  an  ele- 
vation of  1887  feet  above  the  sea.f  This  mountain  is  formed  of 
granular  limeslone  and  aigiUaeeoiis  schist,  and  must  kafe*been  origi- 
nallj.  a  anbmarine  emnence  u  the  bed  of  the  Meditenanean,  befoie 
the  TolciBuiio  cone,  one  side  of  the  base  of  which  now  abots  against 
it,  waa  fonned.  The  inclination,  strike,  and  fzaetnres  of  the  calcsreons 
and  argiUaeeoua  sttata  of  Bt,  ElBas  have  no  relation  to  the  great  cone, 
bat*  aecotding  to  M.  Bory  St  Vincent,  have  the  same-du^ction  as  those 
of  tke  other  isies  of  the  Grecian  Archipelago,  namely,  from  N.  N,  W. 
to  8. 8.  £.   Em  of  the  three  iskmds,  Thers,  Thenaia,  and  AMfvomUt 

♦  Bull,  de  hi  Stic.  06oL  de  France,  tomo  iiL 
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«  capped  by  an  mffrmom  ttasa  of  white  tnfiMseona  ooogloa«nfe0rlioiB 
forty  to  fifty  feet  thiok»  beneath  whioh  are  heda  of  tnefaylie  lava  and 
toff,  having  a  gentle  iDclination  of  only  or  4^  Eaeh  bed  ii  uoiUT 
rety  narrow  and  diseontiouooa,  the  aucocenve  layeia  being  modded  or 
dove^tailed,  as  H.  Yir let  ezpieaeea  it^  into  the  loeqnahtiea  of  the  pre- 
Tiooaly  exialJng  aurfaoe,  on  which  abowen  of  cinderB  or  atreami  of 
melted  matter  have  been  poured.  Nothingr,  therefore,  ae«n>  mm 
evident  than  that  we  have  in  Santorin  the  baaal  r(>iiiains  of  a  grrat 
nuned  oone,  or  flattened  dome  ;  and  the  absence  of  dikes  in  the  clifii 
surrounding  the  gulf  would  indicate  that  the  eruptions  took  place  tmp- 
naliy,  as  they  have  done  in  the  last  tvro  thousand  years,  not  near 
niar<:rln  but  in  the  centre  of  tlie  space  now  occupied  by  the  g-ulf.  The 
central  portions  of  the  dome  have  since  been  removed  by  CUguUj&eoU 
or  denudation,  or  by  botli  tliese  oau^?cs. 

An  important  fact  is  adduced  i)y  M.  Yirlet,  to  show  that  tlie  (gentle 
dip  of  the  lava-streams  in  the  three  outer  ishinds  tuuiirds  aii  points  ot 
the  compass,  away  from  the  centre  of  the  guii,  lias  not  ^teen  due  to 
the  upheaval  of  horizontal  beds,  as  conjectured  by  Von  Bucb,  who 
had  not  viaited  Santorin.*  The  French  geologist  foond  that  the  vtA- 
elea  or  pores  of  the  traohytic  maaeea  were  lengthened  ont  in  the  aev< 
oral  directiona  b  which  they  would  have  Howed  if  they  hod  deseeodtd 
from  the  azia  of  a  cone  once  occupying  the  centre  of  the  crater.  For 
it  ia  well  known  that  the  bnbblea  of  confined  gaa  in  a  fluid  ia  no- 
tion assume  an  oval  form,  and  the  direction  of  their  longer  ane  coinddci 
always  with  that  of  the  stream. 

On  a  review,  therefore,  of  all  the  facts  now  brought  to  liglit  respect- 
ing Santorin,  I  attribute  the  moderate  slope  of  the  beds  in  Thcra  and 
the  other  external  islands  to  tlieir  having  originally  descended  the 
inclined  flanks  of  a  large  volcanic  cone,  the  principal  orifice  or  vents  o( 
eruption  havinjr  been  always  situated  where  they  are  no-iv,  in  or  neiw 
the  centre  of  tlio  space  occupi^-d  hy  the  iruU  or  cmt.  i — i;i  ouwr  wrds, 
where  the  OUlburst  of  the  Kainu  iiis  lias  bem  ^sant-ssed  in  historic;il 
times.  The  single  lonqf  and  deej)  opening  iuto  the  crater  is  teature 
common  to  all  those  remnants  of  ancient  volcanoes,  the  central  portions 
of  which  have  been  removed,  and  is  probably  connected  with  aqoeooi 
denudation.  Thb  denuding  proceaa  haa  been  the  work  of  ages  wbea 
the  sea  was  admitted  mto  an  original  crater,  and  haa  taken  place  danig 
the  gradual  emergence  of  the  ialand  from  the  sea,  or  duriag  vafiow 
oscillatioiia  in  ita  level. 

The  volcanic  ishind  of  St.  Paul  in  the  midst  of  the  Indian  Ooean»  Isl^ 
as"*  44'  a,  long.  77''  STE.,  surveyed  by  Capt.  Blackwood  in  1842, 
aeems  to  eieroplify  the  Brst  stage  in  the  formation  of  anch  an  areUpelsgo 
aa  that  ei  Santorin.  Wo  have  tliere  a  crater  one  mOe  in  diameter,  Bur* 
routaded  by  ateep  and  lofty  cliffs  on  every  side  save  one,  where  the  fi«a 
outers  by  a  single  passage  nearly  dry  at  low  water.   In  the  interior  U 

*  FQggwBdorf«  AuuOeiH  18M^  p.  1M» 
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the  small  circular  bay  or  crater  there  is  a  depth  of  30  fathoms,  oi  180 
feet  The  surface  of  the  island  slopes  away  on  all  sides  from  the  crest 
of  the  rocks  encircling  the  crater.* 

Barren  Island. — There  is  great  analogy  between  the  structure  of 
Barren  Island  in  the  Bay  of  Bengal,  lat.  12''  16',  and  that  of  Santorin 


Tig.  60. 


Con*  and  enter  of  Barren  lalaad,  tn  tho  Baj  of  IkrngaL  Height  of  the  central  cone  (accordinj 

to  Capt  Millor,  in         500  feet. 

last  described.  When  seen  from  the  ocean,  this  island  presents,  on  al- 
most all  sides,  a  surface  of  bare  rocks,  rising,  with  a  moderate  acclivity, 
towards  the  interior  ;  but  at  one  point  there  is  a  cleft  by  %vhich  we  can 
penetrate  into  the  centre,  and  there  discover  that  it  is  occupied  by  a 
great  circular  basin,  filled  by  the  waters  of  the  sea,  and  bordered  all 
around  by  steep  rocks,  in  the  midst  of  which  rises  a  volcanic  cone,  very 
frequently  in  eruption.  The  summit  of  this  cone  is  about  500  feet  in 
height,  corresponding  to  that  of  the  circular  border  which  incloses  the 
basin ;  so  that  it  can  be  seen  from  the  sea  only  through  the  ravine. 
It  is  most  probable  that  the  exterior  inclosure  of  Barren  Island  (c,  d, 
fig.  67)  is  nothing  more  than  the  remains  of  a  truncated  cone  r,  a,  b,  d, 


Fig.  €7. 
a  b 


Supposed  section  of  Barren  Island,  in  the  Bay  uf  Bengal 


a  great  portion  of  which  has  been  removed  by  engulfment,  explosion, 
or  denudation,  which  may  have  preceded  the  formation  of  the  new  in- 
terior cone  /,  e,  g.\ 

MUD  VOLCANOES. 

Iceland. — Mr.  R.  Bunsen,  in  his  account  of  the  pseudo-volcanic  phe- 
nomena of  Iceland,  describes  many  valleys  where  sulphurous  and 
aqueous  vapors  burst  forth  with  a  hissing  sound,  from  the  hot  soil 

•  See  Admiralty  Chart,  with  views  and  sections,  1842. 

\  For  height  of  cone  and  references,  see  Buist,  Volcanoes  of  India,  Trans.  Bom- 
iwy  OeoL  Soc.  vol  x.  p.  143. 
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formed  of  volcanic  tuff.  In  such  spots  a  pool  of  boiling  water  is  seen, 
in  which  a  bluish-black  argillaceous  paste  rises  in  huge  bubbles.  These 
bubbles  on  bursting  throw  the  boiling  mud  tea  height  of  fifteen  feet  and 
upwards,  accumulating  it  in  ledges  round  the  crater  or  basin  of  the  spring. 

liaku  on  the  Caspian. — ^The  formation  of  a  new  mud  volcano  was  wit- 
nessed on  the  27th  of  November,  1827,  at  Tokraali,  on  the  peninsula 
of  Abscheron,  east  of  Baku.  Flames  blazed  up  to  an  extraordinary 
height  for  a  space  of  three  hours,  and  continued  for  twenty  hours  to 
rise  about  three  feet  above  a  crater,  from  which  mud  was  ejected.  At 
another  point  in  the  same  district  where  flames  issued,  fragments  oi 
rock  of  large  size  were  hurled  up  into  the  air,  and  scattered  around.* 

Sicilt/. — At  a  place  called  Macaluba,  near  Girgenti  in  Sicily,  are 
several  conical  mounds  from  ten  to  thirty  feet  in  height,  with  small 
craters  at  their  summits,  from  which  cold  water,  mixed  with  mud  and 
bitumen,  is  cast  out.  Bubbles  of  carbonic  acid  and  carburettod  hydro- 
gen gas  are  also  disengaged  from  these  springs,  and  at  certain  periods 
with  such  violence,  as  to  throw  the  mud  to  the  height  of  200  feet 
These  "  air  volcanoes,"  as  they  are  sometimes  termed,  are  known  to 
have  been  in  the  same  state  of  activity  for  the  last  fifteen  centuries  ;  and 
Dr.  Daubeny  imagines  that  the  gases  which  escape  may  be  generated 


Fig.  68. 


ilud  CODM  and  craters  of  Hini^liO  near  Boila,  district  of  Ln^  120  milcfl  norUiwe«t  of  month 
of  Indus.   From  original  drawing  by  Capi.  Bobertaon.   (8««  Map,  p.  460.) 


*  Humboldt's  Cobdioa. 
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by  the  slow  combustion  of  beds  of  sulphur,  which  is  actually  in  pi;o> 
gress  in  the  blue  clay,  out  of  which  the  spriogs  rise.*  But  as  the  gases 
ire  similar  to  those  disengaged  in  volcanic  eruptions,  and  as  they  have 
cootioaed  to  stream  out  for  so  long  a  period,  th^  may  perhaps  be 

derived  from  a  more  deep-sented  source. 

Beila  in  India. — In  the  district  of  Lu^s  or  Lus,  south  of  Beila,  about 
120  miles  N.  W.  of  CuLcli  and  the  mouths  of  the  Indus  (see  Map,  fig. 
71,  p.  460),  numerous  mud  volcanoes  arc  e^cattered  over  an  area  of  prob- 
ably not  less  than  ll»OU  s(puue  miles.  Some  of  these  have  been  well 
described  by  Captain  Hart,  and  subsequently  by  Captain  Robertson,  who 
has  paid  a  vif^it  to  that  region,  and  made  sketches  of  them,  which  he  has 
kindly  placed  at  my  disposal.  From  one  of  these  the  annexed  view  has 
been  selected.  These  conical  hills  occur  to  the  westward  of  the  Uara 
mountains  and  the  river  Hubb.  (See  Map,  p.  4G0.)  One  of  the  cones 
is  400  feet  high,  composed  of  light-colored  earth,  and  having  nt  *t8  sum- 
mit a  crater  thirty  yards  in  diameter.  The  liquid  mud  which  fills  the 
crater  is  contmnally  disturbed  by  lur-bubbles,  and  here  and  there  is  cast 
up  in  imaU  jet8.f 

*  Mweral  compotiiwn  of  voleanh  pntducta^'^ThA  mineral  called  felspar 
foima  in  genend  more  than  half  of  the  mass  of  modem  lavas.  When  it 
is  in  great  excess,  lavas  are  called  trachytic :  they  consist  generally  of  a 
base  of  compact  felspar,  in  which  crystals  of  glassy  felspar  are  dissemi- 
nated.]; When  augite  (or  pyroxene)  predominates,  lavas  are  teimed  ba- 
saltic. They  contain  about  50  per  cent,  of  silica,  or  much  less  than  the 
trachytes,  in  which  there  is  usually  about  Yo  per  cent,  of  that  mineral. 
They  also  conUiia  about  11  per  (••■nt.  of  protoxide  of  iron,  and  as  much 
of  lime,  both  of  which  are  wanting,  or  only  in  insignificant  quantities  in 
the  tmchytic  rocks.J  But  lavas  occur  of  an  intermediate  composition 
between  the  trachytic  and  basaltic,  which  from  their  color  have  been 
called  graynt^nes.  The  abundance  of  quartz,  formino^  distinct  crystals  or 
concretions,  charactenzes  the  granitic  and  other  ancient  rocks,  now  gen- 
erally considered  by  geologists  as  of  igneous  ougin ;  whereas  that  min- 
eral is  rarely  exhibited  hi  a  separate  form  in  recent  lavas,  althoogh  silica 
enters  so  largely  into  their  composition.  Hornblende,  so  common  in  hy- 
pogeoe  rocks,  or  those  commonly  called  "primary,**  is  tare  in  modran 
lava  ;  •  nor  does  it  enter  largely  into  rocks  of  any  age  in  which  augite 
abennds.  It  should,  however,  be  stated,  that  the  experiments  of  Mr, 
Guttav  Rose  have  made  it  very  questionable,  whether  the  minerals  called 
horoblende  and  augite  can  be  separated  as  distinct  species,  as  their  dif- 
ferent varieties  seem  to  pass  into  each  other,  whether  we  consider  the 
characters  derived  from  their  angles  of  crystallization,  their  chemical 
composition,  or  their  specific  gravity.  The  difference  in  fonn  of  the  two 
substances  maybe  eiphdned  by  the  different  circumstances  under  which 

*  DanUioy,  Volcanoes,  pi.  267. 

f  8m  Boitt.  VolmnoM  of  India,  Tmm.  Bombay  OeoL  Soc  toL  x.  p.  104,  and 

Captuin  R'thcrtf^on,  Jooraof  Roy.  A»iat.  Soc.  1850. 
I  See  Oloesary.  §  fiunsen,  Volcimic  Rocks  of  Icolaad. 
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theiy  hare  been  produced,  the  form  of  hofDUende  being  the  result  of 
slower  cooling.  Crystals  of  augite  have  been  met  with  in  the  scoria  d 
furnaces,  but  never  those  of  hornblende;  aod  crystals  of  augite  haie 
been  obtained  by  melting  hornblende  in  a  platina  crucible ;  but  bom* 
blende  itself  has  not  been  formed  artificially.*  Mica  occurs  plentifully  in 
some  recent  trachytes,  but  is  rarely  present  where  aug-ite  is  in  eicess. 

Frequency  of  fr>ipfio7is,  and  nature  of  subterranean  igneous  rockt.^ 
When  we  speak  ot  the  igneous  rocks  of  our  own  times,  we  mean  tbit 
small  portion  wiiich,  in  violent  eruptions,  is  forci  d  iqj  by  elastic  tlui  isio 
the  surface  of  the  eai-tli, — the  sand,  scoriae,  and  lava,  which  cooi  m  ihe 
open  air,  lUit  wc  auinot  obt.iin  access  to  that  which  is  conc^eaU-d  far 
beneath  the  surface  under  threat  j)ressure,  equal  to  that  ot  uiauy  iiun- 
drcd,  or  many  thousand  atmospheres. 

During  the  last  century,  about  fifty  eruptions  are  recorded  of  the  firs 
European  volcanic  districts,  of  yesnvius^  Etna,  Volcano,  Santorin,  nd 
Iceland ;  bat  many  beneath  the  sea  in  the  Grecian  aichipelago  and  oeir 
Iceland  maj  doubtless  have  p.'issed  unnoticed.  If  some  of  them  pro- 
duced no  lava,  others^  on  the  contrary,  like  that  of  8kapt&r  Jokul.  in  1789, 
poured  out  melted  matter  for  five  or  six  years  conaecutively ;  which  csh^ 
being  reckoned  as  single  eruptions*  will  compensate  for  those  infoiior 
strength.  Xow,  if  we  consider  the  active  volcanoes  of  Europe  toeoDSlif 
tute  about  a  fcntieth  part  of  those  already  known  on  the  globe,  sod  csl* 
Cttlate  that,  one  with  another,  they  are  about  equal  in  activity  to  the  bimi- 
ing  mountains  in  other  districts,  we  may  then  compute  that  there  happen 
on  the  earth  about  2000  eruptions  in  the  course  of  a  centuiy,  or  about 
twenty  every  year. 

However  inconsiderable,  therefore,  may  be  the  superficial  ix)cks  which 
the  operations  of  fire  produce  on  the  surface,  we  must  suppose  the  sub- 
terranean clianijjes  now  constantly  in  pronrress  to  he  on  the  grandest  scale. 
The  loftiest  volcanic  cones  must  be  ns  insitrniticant,  when  contracted  lo  tlie 
products  of  lire  in  the  nether  regions,  as  are  the  deposits  formed  in  shal- 
low ebtuaries  when  compared  to  submarine  formations  accumulating  in 
the  abysses  of  tlie  ocean.  In  regard  to  the  characters  of  tliese  voloamc 
rocks,  formed  in  our  own  times  in  the  bowels  of  the  earth,  whether  io  rents 
and  cav  erns,  or  by  the  cooling  of  lakes  of  melted  lava,  we  may  safely  in- 
fer that  the  rocks  are  heavier  and  less  porous  than  ordinary  lavas,  and 
more  etystalline,  although  composed  of  the  same  mineral  IngredienlSr  As 
the  hardest  crystals  produced  artificially  hi  the  labomtory  requirs  the 
Ici^^t  time  for  their  formation,  so  we  must  suppose  that  where  the  cool* 
mg  down  of  melted  matter  takes  place  by  insensible  degrees,  in  the  oowse 
of  ages,  a  variety  of  minerals  will  be  produced  far  harder  than  any  fconed 
by  natural  processes  within  the  short  period  of  human  observation. 

These  subterranean  volcanic  rocks,  moreover,  cannot  be  s^tified  in 
the  same  manner  as  sedunentary  deposits  from  water,  although  it  is  eri> 
dent  that  when  great  masses  consolidate  from  a  state  of  fusion,  they  ma; 

•  BiiU«tia  de  la  8oa  0^  de  IVsnes,  tcm.  il  p.  106* 
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Mpuate  inlo  natnfat  divuioos;  for  this  ia  seen  to  be  the  oose  in  maoy 
brn'Oirrents.  We  may  also  expeet  thai  the  rocks  in  question  will  often 
be  rent  by  earthquakes,  since  these  are  common  in  volcaoio  regions ;  and 
(he  fi?;>mrcs  will  be  often  injected  with  similar  matter,  so  that  dikes  of 
eiystalline  rock  will  traverse  masses  of  similar  compositiiHi.  It  is  also 
clear,  that  no  organic  remains  can  be  included  in  such  masses,  as  also 
that  these  deep-seated  igneous  format ion=  considered  in  mass  must  under- 
.  lie  all  the  strata  containin;;'  orf/nni  ■  n mains,  because  the  heat  prorneds 
from  below,  upwards,  and  the  intensity  required  to  reduce  the  muieral 
iDgredients  tn  n  fluid  state  must  destroy  all  organic  bodies  in  rocks  in- 
cluded in  the  midst  of  them. 

K  by  a  continued  series  of  elevatory  movements,  such  masses  shall 
hereafter  be  Liought  up  to  the  surface,  in  the  same  manner  as  sedimen- 
tary mai  iiie  strata  have,  in  the  course  of  ages,  been  upheave<l  to  the 
summit  of  the  loftieet  mountains,  it  is  not  difficult  to  foresee  what 
perplexing  problems  ma7  be  presented  to  the  geologist  He  may  then, 
perhaps,  study  in  aome  monntam-eham  the  rtry  rocks  produced  at  the 
depth  of  sercnal  milea  beneath  the  Andes,  Icelaiid,  or  Java,  in  the  tune 
of  Loboit^  and  draw  from  them  the  same  eondusifln  which  that  philoe- 
opher  derived  fij^m  oertam  igneous  prodncta  of  high  aniaqmfy ;  for  he 
eoaoetTed  our  globe  to  have  been,  for  an  indefinifo  period,  in  the  state 
of  a  comet,  without  an  ocean,  and  uninhabitable  alike  by  aquatie  or 
tenestrisl  animals. 


CHAPTER  XXm 

£AKTHQUAK£S  AND  THEIE  £F7£CT8. 

JbrtliqaakM  and  tbdhr  efitcts— Defidtocy  of  sndeiit  ioeonats— Ordinsfy  atmo- 

^dxaic  phenomena — Changes  produced  by  earthquakes  in  modem  times  consid* 
ered  in  clirf«nok»c;irnl  order — Eartbqti:ike  in  Syria,  1837 — Earthquakes  in  Chili 
in  1837  and  1835— i.^lc  of  Santa  Maria  roiled  ten  feet— Chili,  1822— Extent  of 
oi»iatry  elevated — Aleppo  and  Ionian  Isles — Earthquake  of  Cutch  ia  1819— 
Mndeooe  io  tbe  Delta  of  the  lodtit— labnd  of  Bembawa  tn  1816— EwUKiMka 
<rfCaracca9  in  1812— Shocks  at  Xl  w  Madrid  in  1811  in  the  valley  of  the  Mi*> 
nssippi — Aleutiau  bhinds  in  1806 — UertecLions  on  tlie  earthquakes  of  the  nioe- 
teenth  century — Earthquake  in  Quito^  Quebec,  dbc — Java,  1786— Sinking  down 
of  large  tracU. 

Iir  the  sketch  before  given  of  the  geographical  boundaries  of  Tolcanic 
ngiom,  I  stated,  that  idthough  the  points  of  eraption  are  but  thinly 
scattered,  constituting  mere  spots  on  the  surface  of  those  vast  districts, 
jet  the  subtenranlBaa  movements  extend  simultaneously  over  immense 
areas.  Wo  may  now  proceed  to  consider  the  changes  which  these 
moTcmcnts  produce  on  the  surface,  and  in  the  internal  structure  of  the 
earth's  crust. 
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Deficiency  of  ancient  aetOimU. — ^It  is  only  within  the  last  eeniory  and 
a  half,  since  Hooke  firat  promulgated,  ia  1088,  his  views  respectiog  the 
eooQeetion  between  geological  phenomena  and  eaithqnakes,  that  the 
permanent  changes  affected  by  these  convulsions  hare  excited  nttentimi. 
Before  tlmt  time,  tho  narrative  of  the  historian  was  almost  exclusivtly 
contined  to  the  number  of  human  beings  who  perished,  the  number  of 
cities  laid  in  ruins,  the  value  of  property  destroyed,  or  certain  atmo- 
spheric aj)})earances  which  daz-zled  or  terrified  the  observers.  The  crea- 
tion of  a  new  lake,  the  engulfing  of  a  new  city,  or  the  raising  of  a  new 
island,  are  sometimes,  it  is  true,  adverted  to,  as  being  too  ol)viou^,  or  of 
too  much  geographical  of  pohtical  interest  to  be  passed  over  in  silence. 
But  DO  researches  were  made  expressly  with  a  view  of  ascertaimng  die 
amount  of  depression  or  elevation  of  the  ground,  or  any  particular  slter- 
atidns  in  the  relative  position  of  sea  and  land ;  and  very  little  dialiiwtioo 
was  made  between  the  raising  of  soil  by  volcanic  ejections,  and  the  up- 
heaving of  it  by  forces  acting  from  below.  The  same  remark  applies  to 
a  very  latge  proportion  of  modem  accounts :  and  how  much  reason  we 
have  to  regret  this  deficiency  of  inf<»fmation  appears  from  this^  thst  in 
every  instance  where  a  spirit  of  scientific  inquiry  has  animated  the  eye- 
witnesses of  these  events,  facts  calculated  to  throw  light  on  former  modi' 
fications  of  the  earth's  structure  are  recorded. 

Phenomena  attending  earthquakes. — As  1  shall  confine  myself  almost 
entirely,  in  the  following  notice  of  earthquakes,  to  the  changes  brought 
about  by  them  in  the  configuration  of  the  earth's  crust,  I  may  mention, 
genenillv,  some  accompaniments  of  these  terrible  events  which  are 
almoat  uniformly  commemonited  in  history',  that  it  may  b*'  unnecessary 
.to  advert  to  tliem  again.  Irregularities  in  the  seasons  j)recediiig  or  fob 
lowuig  the  shoeks ;  sudden  gusts  of  wind,  interrupted  by  dead  calms ; 
violent  rains  at  unusual  seasons,  or  in  countries  where  such  phenomena 
arc  almost  unknown ;  a  reddenincj  of  the  sun's  disk,  and  a  haaness  in 
the  air,  often  continued  for  months ;  an  evolution  of  electric  matter,  or 
of  inflammable  gas  from  the  soil,  with  sulphurous  and  mephitic  vapors; 
noises  undeiground,  like  the  running  of  eaniages,  or  tlie  dischaige  ol 
artillery,  or  distant  thunder;  animals  uttering  cries  of  distress,  and 
evincing  extraordinary  alarm,  being  more  sensitive  than  men  cf  the 
slightest  movement ;  a  sensation  like  sea-silekness,  and  a  dizsiness  m  the 
head,  experienced  by  men : — ^these,  and  other  phenomena,  less  ooa- 
nected  with  our  present  subject  as  geologists,  have  recurred  again  snd 
again  at  distant  ages,  and  in  all  parts  of  the  globe. 

I  shall  now  begin  the  enumeration  of  earthquakes  with  the  latest 
authentic  narratives,  and  so  carry  back  the  survey  retrospectively,  that 
I  may  bring  before  the  reader,  in  the  first  place,  the  minute  and  cirrura- 
gtantial  details  of  modern  times,  and  thus  enable  him,  by  observing  the  ^ 
extraordinary  amount  of  change  within  the  last  loO  years,  tv  p^-rreire 
how  great  must  be  the  deficiency  in  the  meager  annals  of  earlier  eras. 


Digitized  by  G 


Ob.  XXVIL]  £ASTHQUAK£d  IK  OHILI. 


468 


KABTBQVAKB8  OF  TSB  VIRSTEUnrK  OBKTURY.* 

Sjfria,  Janimry*  1637. — It  has  been  remarked  tbnt  earthquakes 
affect  elongated  areas.  The  violent  shock  which  devastated  Syria  in 
1837  was  felt  on  a  line  500  miles  in  length  by  90  in  breadth  :f  more 
than  6000  persons  perished  ;  deep  rents  vere  caused  m  solid  ioclcs,  and 

new  bot  springs  burst  out  at  Tabereah. 

Chili — VahUvla,  1837. — One  of  thejatest  enrthquakes  by  which  the 
position  of  solid  lanf!  is  known  to  li.ive  been  permanently  altered  is  that 
which  occurred  in  Uiuli,  on  November  7lli.  1837.  On  that  day  Valdivia 
was  dcstmyed  by  an  eHrtliquake,  and  a  whaler,  commanded  by  Captain 
Costo,  was  violently  siiaken  at  sra,  and  lost  her  masts,  in  lat.  43^  38'  S. 
in  sight  of  the  land.  The  captai;i  went  on  the  11th  of  December  follow- 
inj^  to  a  spot  near  the  island  of  Lenius,  one  of  the  Chonos  archipelago, 
where  he  had  anchored  two  years  before,  and  found  that  the  bottom  of 
the  sea  had  been  raised  more  than  eight  feet  Some  rocks  formerly 
covered  at  all  times  by  the  sea  were  now  constantly  exposed,  and  an 
ammioiis  quantity  of  shells  and  fish  In  a  decaying  state,  which  had  been 
thrown  there  by  the  waves,  or  suddenly  laid  dry  during  the  earthquake* 
attested  the  recent  dale  of  the  occuirenee.  The  whole  const  was  strewed 
with  uprooted  treefl.t 

C^t — Ctmeeptkn,  1835. — Fortunately  we  have  a  still  more  detailed 
account  of  the  geographical  changes  produced  in  the  same  country  on 
iho  2(Hh  of  February,  1 835.  An  earthquake  was  then  felt  at  all  places 
between  Copiapo  and  Chiloe,  from  north  to  south,  and  from  Mendoza 
to  Juan  Fernandez,  from  east  to  we^t.  "  Vessels,"  siiys  Mr.  Caldcleugb* 
"navigating  the  Pacific,  within  100  miles  of  the  coast,  experienced  the 
shock  with  considerable  force. "§  Conception,  Talcahuano,  Chilian,  and 
other  towns  were  thrown  down.  From  the  account  of  Captain  Fitz  Roy, 
H.  N.,  who  was  then  employed  in  surveying  the  coast,  we  learn  that  after 
the  shock  the  s^n  retired  in  tiie  Bay  of  Conception,  and  the  vessels 
grounded,  even  lliose  whieh  had  been  lyinc»'  in  .seven  fathuni^  water:  all 
the  shells  were  visible,  and  soon  afti.rwaids  a  wave  rushed  in  and  then 
retj^ated,  and  u  a.s  followed  by  two  other  waves.  The  vertical  height  of 
these  waves  does  not  appear  to  have  been  much  greater  than  from  six- 
teen to  twenty  feet,  although  they  rose^  to  much  greater  heights  wh^ 
Ihey  broke  upon  a  sloping  beach. 

According  to  Mr.  Caldclengh  and  llr.  Darwin,  the  whole  volcanic 

^  Sioce  the  publication  of  the  £nt  editimi  of  this  work,  numerous  accoants  of 
teeent  earthquakes  have  been  pnUished;  but     they  do  not  illtutnite  say  new 

principle,  I  cannot  in-ert  thi-ni.  as  they  would  enlart^e  too  much  tlie  size  of  my 
work.  The  late  Von  iloflf  published  from  time  to  time,  in  Poggeodorf 's  Anoalen, 
lists  of  earthquakes  which  happened  between  1821  and  1836  ;  and,  by  consulting 
these,  the  reader  will  perceive  that  every  month  i ^  signalized  by  one  or  many 

0  convuWons  in  M>me  part  of  the  irlobe.    See  nl'^')  M:i!!»^t'*  Dynamir-  <if  Earth- 
quakes, Traim.  lioy.  Ix'ikh  AouL  lii-iC  ;  ood  "  I'ariin^aakes,  Admiroity  Manual 
1840 ;  also  Hopkins'  Report,  Brit.  Amoc  1847-8.. 
Darwin,  OeoL  Pnxt-edini^*,  vol.  ii.  p.  65^. 
Dumouiin,  Comptes  Kendua  de  I'Acad.  dea  Sci.  Oct  1888.  p.  704. 
FluLlVaaiLlSM^pkSl. 
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obab  of  the  Chilian  Andes,  a  range  150  miles  in  length,  was  in  s  state 
of  niMisiial  activity,  both  during  the  sbodiB  nod  for  some  time  pieeeding 
and  after  the  oonTulsioo,  and  l/m  mm  seen  to  flow  fnmi  the  cmteref 
Osocnow  (See  Map,  6g.  69.)  The  island  of  Juan  Feinandei^  dbtaat 
865  geographieal  miles  from  ChOi,  was  violently  shaken  at  the  same 
time,  and'  devastated  hj  a  great  wave.  A  sobmarine  Tolcaoo  broke  oat 
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there  near  Bacalao  Head,  about  a  mile  from  the  shore,  in  sixty-nine 
fathoms  water,  and  illumined  the  whole  island  during  the  night.* 

"At  Conception,"  says  Captain  Fitz  Roy,  "the  earth  opened  and 
closed  rapidly  in  numerous  places.  The  direction  of  the  cracks  was  not 
uniform,  though  generally  from  southeast  to  northwest.  The  earth  was 
not  quiet  for  three  days  after  the  great  shock,  and  more  than  300 
shocks  were  counted  between  the  20th  February  and  the  4th  of  March. 
The  loose  earth  of  the  valley  of  the  Biobio  was  everywhere  parted  from 
the  solid  rocks  which  bound  the  plain,  there  being  an  opening  between 
them  from  an  inch  to  a  foot  in  width. 


Fig.  70. 


"  For  some  days  after  the  20th  of  February,  the  sea  at  Talcahuano," 
says  Captain  Fitz  Roy,  "  did  not  rise  to  the  usual  marks  by  four  or  five 
feet  vertically.  When  walking  on  the  shore,  even  at  high  water,  beds 
of  dead  mussels,  numerous  chitons,  and  limpets,  and  withered  sea- 
weed, still  adhering,  though  lifeless,  to  the  rocks  on  which  they  had 
lived,  everywhere  met  the  eye."  But  this  difference  in  the  relative  level 
of  the  land  and  sea  gradually  diminished,  till  in  the  middle  of  April  the 
water  rose  asrain  to  within  two  feet  of  the  former  hi<;h-water  mark.  It 
might  be  supposed-that  these  changes  of  level  merely  indicated  a  tem- 
porary disturbance  in  the  set  of  the  currents  or  in  the  height  of  the  tides 
at  Talcahuano ;  but,  on  considering  what  occurred  in  the  neighboring 
island  of  Santa  Maria,  Captain  Fitz  Roy  concluded  that  the  land  had 

♦  Phil.  TraiM.  1826. 
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been  raked  four  or  five  feet  in  FebnKuy,  and  that  it  had  retained  to 
Apnl  to  within  two  or  three  feet  of  its  fomier  levd. 
*  Santa  Maria,  the  tshnd  just  aUuded  to,  is  about  seven  miles  long  sad 
two  broad»  and  about  twenty-five  miles  southwest  of  Conception.  (See 
Map,  fig.  70.)  The  phenomena  observed  there  are  most  important  "  It 
appeared,"  says  Captain  Fitz  Roy,  who  visited  Santa  Maria  twice,  the 
first  time  at  the  end  of  March,  and  afterwards  in  the  beginning  of  April, 
"  that  the  southern  extremity  of  the  island  had  been  raised  eight  feet, 
ihe  middle  mne,  and  the  northern  end  upwards  of  ten  feet.  On  steep 
rocks,  where  vertical  measures  could  be  correctlv  taken,  beds  of  dead 
inii'^'-t'ls  wero  found  ten  feet  above  high-wat^r  mark.  Unc  f<3ot  lower 
than  the  highei>t  bed  of  mussels,  n  few  Hrapets  and  chitons  were  setn 
adhering  to  the  rock  wliere  they  had  grown.  Two  feet  lower  than  the 
same,  dead  mussel^;,  rlutons,  and  limpets  were  abundant. 

"An  extensive  rocliy  rlat  lies  around  the  northern  parts  of  Saula 
Maria.  Before  the  earthquake  this  flat  was  covered  by  the  sea,  some 
projecting  rucks  only  showing  themselves.  Now,  the  whole  flat  is  ex- 
posed, and  square  acres  of  it  are  covered  with  dead  shell-fish,  the  stench 
arising  from  which  is  abominable.  By  this  elevation'  of  the  land  tiie 
southern  port  of  Santa  Maria  has  been  almost  destroyed ;  little  shelter 
remamuig  there,  and  very  bad  landing.**  The  surrounding  sea  is  also 
*  stated  to  have  become  shallower  in  exactly  the  same  proportion  as  the 
land  had  risen ;  the  soundings  having  diminished  a  fathom  and  a  hall 
everywhere  around  the  island. 

At  Tubal,  also,  to  the  southeast  of  Santa  Maria,  the  land  was  raised  six 
feet,  at  Mocha  two  feet,  but  no  eleva^n  could  be  ascertained  at  Valdiria. 

Among  other  eflects  of  the  catastrophe,  it  is  stated  tliat  cattle  stand- 
ing on  a  steep  slope,  near  the  shore,  were  rolled  down  into  the  sea,  and 
many  others  were  washed  off  by  the  great  wave  from  low  land  and 
drowned.* 

In  November  of  the  same  year  (1835),  Conception  was  shaken  br 
a  s^M  erf  earthquake,  and  on  the  same  day  Osorao,  at  the  distance  of 
4  111  )tuic.s,  renewrd  its  activity.  These  facts  prove  not  only  the  connec- 
tl'in  earthquakes  with  volcanic  eruptions  in  this  ir-i  .ii,  but  also  the 
va;^L  t.\t.  Mt  of  the  subterranean  areas  over  which  the  disturbing  cause 
acts  simultaneously, 

Ischia,  1828.— On  the  2d  of  February  the  whole  island  of  Iscbis 
was  shaken  by  an  earthquake,  and  in  the  October  following  I  found  aD 
the  houses  in  Casamicciol  stiU  without  their  roofs.  On  the  sides  of  a 
nvine  between  that  town  and  Forio,  I  saw  masses  of  greenish  tnff 
which  had  been  thrown  down.  The  hot-spring  of  Rita,  which  was 
nearest  the  centre  of  the  movement,  was  ascertained  by  M.  CovelU  fo 
have  mcreased  m  temperature,  showing,  aa  he  observes,  that  the  ex- 
plosion took  place  below  the  reservoirs  which  heat  the  thermal  waten.^ 

*  Bsrwm'i  Joura  of  Travels  io  Sonth  America,  Yojsge  of  Beigli^  p  M 
f  BiUitfth.  Univ.  Oot  1826,  p  157. 
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Bo^fota,  1827. — On  the  16th  of  NoTember,  1827,  the  plain  of  Bogota, 
b  Kew  Gnmada,  or  Colorol^,  was  conTidsed  by  an  earthquake,  and  a 
great  nnmber  of  towns  were  thrown  down.  Tonronta  of  nun  swelled 
the  Magdatena^  sweeping  aldng  vast  quantities  of  mnd'  and  other  snlh 
ataaeea,  which  emitted  a  sulpfaunms  vapor  and  destroyed  the  fish. 
Popajin»  which  is  distant  200  geographical  miles  8. 8.  W.  of  Bogota, 
safieied  greatly.  Wide  crevices  appeared  in  the  road  of  Guanacas, 
leaving  no  doubt  that  the  whole  of  the  Cordilleras  sustained  a  powerful 
shock.  Other  fissures  opened  near  Costa,  in  the  plains  of  Bogota,  into 
which  the  river  Tunza  immediately  began  to  flow.*  It  is  worthy  of 
remark,  that  in  all  such  cases  the  ancient  jcrravel  bed  of  a  river  is  de- 
serted and  a  new  one  formed  at  a  lower  level  ;  so  that  a  want  of  rela* 
lion  in  the  position  of  alluvial  beds  of  the  existini^  water- courses  may 
be  no  lest  of  the  hi<^li  antiquity  of  such  deposits,  at  least  in  countries 
habitnallv  convulsed  by  earthquakes.  Extraordinary  rains  accompanied 
the  shocks  before  nieniioned  ;  and  two  volcanoes  are  said  to  have  been 
in  eruption  in  the  mouuUiia-chain  nearest  to  Boijota. 

Chili,  1822.— On  the  19Lh  of  November,  1822,  the  coast  of  Chili 
was  visited  by  a  most  destructive  earthquake.  The  shook  was  felt  si- 
nmltaneously  thronghout  a  space  of  1200  nulea  from  north  to  south. 
St.  Jago,  Valparaiso^  and  some  other  plaoes,  were  greatly  injured. 
When  the  district  round  YalpaFaiso  was  eiamined  on  the  momtng  after 
the  shock,  it  was  found  that  the  coast  for  a  considerable  distance  was 
nused  above  its  former  leveLf  At  Valpandaa  the  elevation  was  three 
feet,  and  at  Quintero  about  four  feet.  Part  of  the  bed  of  the  aea,  says 
Mis.  Qiaham,  remained  bare  and  <fry  at  high  water,  "inth  beds  ol 
oysters,  mussels,  and  other  shells  adhering  to  the  rocks  on  which  they 
grew,  the  &sh  being  all  dead,  and  exhaling  most  offensive  effluvia.]; 

An  old  wreck  of  a  ship,  wliich  before  could  not  be  approached, 
became  accessible  from  the  Lind,  although  its  distance  from  the  original 
sea-shore  had  not  altered.  It  was  observed  that  the  water-course  of  a 
mill,  at  the  distance  of  about  a  mile  from  the  sea,  gained  a  fall  of  four- 
teen inches,  in  little  more  than  one  hundred  yards  ;  and  from  this  fact 
it  is  inferred  that  the  rise  in  some  parts  of  the  inland  country  was  far 
more  considerable  than  on  the  borders  of  the  ocean. §  Part  of  the  coast 
thus  elevated  consisted  of  granite,  in  which  parallel  fissures  were  caused, 
some  of  which  were  traced  for  a  mile  and  a  half  failand*  Cones  of  earth 
about  four  feet  high  were  thrown  up  in  several  districts,  by  the  forcmg 
iq>  of  water  nliied  with  sand  ihrongh  fnnnel-shaped  hoHows, — a  pheoom- 
seen  veiy  common  in  Calabria,  and  the  explanation  of  which  will  here- 
after be  considered.  Those  housea  in  Gbilt  of  which  the  foundations 
were  en  rock  were  less  damaged  than  such  as  were  built  on  alluvial 
loil. 

Hr.  Gmickshanks,  an  English  botanist,  who  resided  in  the  country 

•  PhiL  Mag.  July  1828,  p.  87 

\  Oeol.  Trans,  vol  i.  2d  seK,  and  JoortL  of  ScL  18S4k  VoL  xvil  p.  40. 
l^lOeoL  Traoi^  vol  1 8d  ««r.  p.  41S.       §  Jonn.  of  ScL  vol  zviL  p.  4S. 
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during  the  earthqiiake,  has  mfonned  wb  that  iome  roeln  of  greenstope 
at  Qninten^  a  few  hundred  yards  from  the  beach,  which  had  alwajs 
been  under  water  till  the  shock  of  1822,  have  since  been  uncovered 
when  the  tide  is  at  half-ebb  :  nnd  he  atatdb  that,  after  the  earthquake, 
it  was  the  general  belief  of  the  fishermen  and  inhabitants  of  the  Chiliai 
coast,  not  that  the  land  had  risen,  but  that  the  ocean  had  peraumentlj 
retreated. 

Dr.  Meyen,  n  Pnissian  traveller,  >vho  visit<^(!  Valparaiso  in  1831,  sars 
that  on  examining  the  rocks  both  north  and  south  of  the  town,  nine  vcars 
after  the  event,  he  found,  in  corroboration  of  Mrs.  Graham's  accouni, 
that  remains  of  animals  and  sea. weed,  the  Lessonia  of  Bory  de  St.  Vin- 
cent, which  lias  a  firm  lig^ncous  stem,  still  adhered  to  those  rocks  which 
in  1822  had  been  elevated  above  iiigli-water  mark.*  According  to  the 
same  author,  the  whole  coast  of  Central  Chili  was  niiseJ  about  four  feet, 
and  banks  of  marine  shells  were  laid  dry  on  many  parts  of  the  coast. 
He  observed  similar  banks,  elevated  at  unknown  periods,  in  several 
places,  especially  at  Copiapo,  where  the  species  all  agree  with  those  now 
living  in  the  ocean.  Mr.  Frefer  abo»  who  rended  tome  yean  in  Sooth 
America,  has  confitined  these  statements  ;f  and  Mr.  Darwin  obtaiiied 
evidence  that  the  remains  of  an  ancient  wa11»  fonnerly  washed  hj  the 
sea,  and  now  11}  feet  above  high-water  mark,  acquired  several  feet  of 
this  additional  elevation  during  the  earthquake  of  18224 

The  shocks  continued  up  to  the  end  of  September*  1823 ;  even  tbea, 
forty-eight  hours  seldom  passed  without  one,  and  sometimes  two  or 
three  were  felt  during  twenty-four  hours.  Mrs.  Giaham  observed,  after 
the  earthquake  of  1822,  tliBt  besides  a  beach  newly  raised  above  higli- 
water  marlc,  there  were  several  older  elevated  lines  of  beach,  one  shove 
the  other,  consisting  of  shingle  mixed  with  shells  extending  in  a  pardld 
direction  to  the  shore,  to  the  height  of  fifty  feet  above  the  sea,§ 

Erlent  of  countnj  derated. — By  some  observers  it  has  boon  suppf>sod 
that  the  whole  country  from  the  foot  of  the  Andes  to  a  great  distance 
under  tlie  sea  was  upraised  in  1 822,  the  greatest  rise  being  at  the  dis- 
tance of  about  two  miles  from  the  shore,  '*  The  rise  upon  the  coast  was 
from  two  to  four  feet : — at  the  distance  of  a  mile  inland  it  must  have 
been  from  five  to  six  or  seven  feet.**j{  It  has  also  been  conjectured  by 
the  same  (*ve-wiLnesses  to  the  convulsion,  that  the  area  over  wliich  this 
permauent  alteration  of  level  extended  may  have  been  equal  to  100,000 
square  miles.  Although  the  increased  fall  of  certain  water-courses  may 
have  afforded  some  ground  for  this  conjecture,  it  must  be  considered  tt 
Tory  hypothetical,  and  the  estimate  may  have  exceeded  or  greatly  ftlkn 
short  of  the  truth.  It  may  nevertheless  be  useful  to  reflect  on  the  cnn^ 
mons  amount  of  change  which  this  single  convulsion  occasioned.  If  ths 

*  Itciiio  um  die  Erdu ;  and  see  Dr,  Mejeo'a  letter  cited  Foreign  Qoart.  Ret 
Nol  33,  p.  13,  1886. 

OeoL  Soc.  Proceedings,  No.  xl.  p.  179,  Feh  1886b 
Proceed  GeoL  Soc  vol  iL  p.  447. 
GeoL  TraDA.  vol.  L  2d  ser.  p.  415. 
Jonnul  of  Sdance,  vol  xviL  pfn  40, 45* 
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extent  of  country  moYod  upward  leaUj  amoonted  to  100»000  aqnare 
nnlesy — an  extent  jnst  equal  to  balf  the  araa  of  Phmce,  or  about  five- 
stxibs  of  the  area  of  Great  Britam  and  Ireland.  If  we  suppose  the 
eleration  to  have  been  only  three  feet  on  an  avOFBge.  it  will  be  aeen  that ' 
the  mass  of  rock  added  to  the  continent  of  America  Ly  the  movement^ 
or,  in  other  words,  the  mass  previously  below  the  level  of  the  sea,  and 
after  the  shocks  permanently  above  it,  must  have  c<Mitauied  fifty-aefsn 
cubic  miles  in  bulk  ;  which  would  be  sufficient  to  form  a  conical  moun* 
luin  two  miles  high  (or  about  as  liij^h  as  Etna),  with  a  circumference  at 
thr  base  of  nearly  thirty-three  miles.  We  may  take  the  mean  specific 
gravity  of  the  rock  at  2  055, — a  fair  average,  and  a  convt^nient  one  in 
such  computations,  because  at  such  a  rate  a  cubic  yard  weighs  two  tons. 
Then,  iissutuing  the  great  pyramid  of  Egypt,  if  solid,  to  weigh,  iu  accord- 
ance with  an  estimate  before  given,  six  milliuu  tons,  we  may  state  the 
rock  added  to  the  contiuent  by  the  Ciiilian  earlhquiikc  to  have  more  than 
equalled  100,000  pyramids. 

Bat  it  must  always  be  borne  in  mind  that  the  weight  of  rock  here  al- 
luded to  eonstituted  but  an  insigoifioant  part  of  the  whole  amount  which 
the  Toleaiue  forces  had  to  overeome.  The  whole  thickness  of  rook  be- 
tween the  sttrfue  of  Chili  and  the'  snbtenanean  foci  of  volcanic  aetiop 
may  be  many  miles  or  leagues  deep.  Say  that  the  thickness  was  oidy 
two  miles,  even  then  the  mass  which  changed  pkce  And  rose  three  feet 
being  200,000  cubic  miles  in  volome,  must  have  exceeded  m  weight 
868  million  pyramids.  • 

It  mi^  be  instrucUng  to  consider  these  results  in  conuection  with 
others  already  obtained  from  a  different  source,  and  to  compare  the 
worldng  of  two  antagonistic  forces — the  levelling  power  of  running 
water,  and  the  expansive  energy  of  subtenranean  heat.  How  long,  it 
may  be  asked,  would  the  Ganges  require,  according  to  data  before  ex- 
plained (p.  283),  to  transport  to  the  sea  a  quantity  of  solid  matter  equal 
to  that  which  may  have  been  added  to  the  land  by  the  Ciiilian  earth- 
quake ?  The  discharge  of  mud  in  one  year  by  the  Ganges  was  estima- 
ted at  20,000  million  cubic  feet.  Accordmg  to  that  estimate  it  would 
require  about  four  centuries  (or  418  years)  before  the  river  could  bear 
down  from  the  continent  into  the  sea  a  mass  equal  to  tliat  gained  by  the 
Chilian  earthquake.  In  about  half  that  time,  perhaps,  the  umwd  waters 
of  the  Ganges  and  Burrampooter  might  accomplish  the  operation. 

(htieh,  1819. — A  violent  earthquake  ocenned  at  Cutch,  in  the  delta 
of  the  Indus,  on  the  10th  of  June,  1819.  (8ee  Map,  fig.  71.)  The 
principal  town,  Bbooj,  was  converted  into  a  heap  of  ruins*  and  ita  stone 
bvtildmgs  were  thrown  down.  The  movement  was  felt  over  an  area 
httring  a  xadins  of  1000  mHea  from  Bhooj,  and  extendmg  to  Ehatman* 
doo.  Calcutta,  and  Poq^ieherry.*  The  vibnttkms  were  fdt  in  North- 
west India,  at  a  distance  of  800  mOes,  after  an  interval  of  about  fifteen 
minates  after  the  earthquake  at  Bbooj.    At  Ahmedabad  the  great 
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n;  »^'[no,  «'r»'cted  by  Sultan  Alimod  nearly  4.>0  y»'ars  before,  fell  to  the 
ground,  iiltcsting  how  long  a  period  liad  elaj)sed  since  a  shock  of  simi- 
lar violence  had  visited  that  point.  At  Anjar,  the  fort,  with  its  imver 
and  guns,  was  hurled  to  the  grouiul  m  one  common  mass  of  ruin.  The 
shocks  continued  uutil  the  20th  ;  when,  thirty  miles  northwest  from 
Bhooj,  the  volcano  called  Deoodur  is  said  by  some  to  have  sent  forth 
flames,  but  Capt  Gnat  was  unable  to  autheniicate  this  statement 

Subndena  m  th$  dtHa  iiflht  Initu, — Although  the  rumpf  towns  was 
great,  the  fooe  of  nature  in  the  mland.  country,  says  Captain  Uaemoidob 
was  not  Tisibly  altered.  In  the  hilla  some  large  lAaasea  only  of  rock 
and  soil  were  detached  from  the  precipices ;  but  the  eastern  and  almost 
deserted  ehannd  of  the  Indus,  which  bounds  the  prorince  of  Outch,  was 
greatly  changed.  This  estuary,  or  inlet  of  the  sea,  was,  before  the 
earthquake,  fordable  at  Luckput,  being  only  about  a  foot  deep  when 
the  tide  waa  nt  ebb,  and  at  ih^od  tide  never  more  than  six  feet;  bat  it 
was  deepened  at  the  fort  of  Luckput,  after  the  shock,  to  more  tlmn 
tiffhteen  feet  at  low  water*  On  sounding  other  parts  of  the  channel,  it 
was  found,  that  where  previously  the  depth  of  the  water  at  flood  never 
t'xcccdod  one  or  two  feet,  it  had  become  from  four  to  ten  feet  deep. 
By  these  and  otlier  remarkable  chanores  of  level,  a  part  of  the  iniaod 
navigation  of  that  country,  which  had  been  closed  for  centuries,  became 
again  practicable. 

*  HacBMinIo  Sd.  PbiL  Joum.  in  106b 
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Fort  of  SIndrce,  on  llic  enjtcrn  branch  of  iho  Inilii-s  bifure  it  was  pubinonred  by  tho  carth«iiiak< 
of  1S19,  from  a  sketch  of  Capt.  Qrindlaj,  maUo  in  ISOS. 

F'ort  and  village  submcrgcvt* — The  fort  and  village  of  Sindrce,  on  the 
eastern  arm  of  the  Indus,  above  Luckput,  are  stated  by  the  same  writer 
lo  b;ive  been  overflowed  ;  and,  after  the  shock,  the  tops  of  the  houses 
ani  wall  were  alone  to  be  seen  above  the  water,  for  the  houses,  although 
submerged,  were  not  cast  down.  Had  they  been  situated,  therefore,  in 
the  interior,  where  so  many  forts  were  levelled  to  the  ground,  their  site 
would,  perhaps,  have  been  regarded  as  having  remained  comparatively 
unmoved.  Hence  we  may  suspect  that  great  permanent  upheavings 
and  depressions  of  soil  may  be  the  result  of  earthquakes,  without  the 
inhabitants  being  in  the  least  degree  conscious  of  any  change  of  level. 

A  more  recent  survey  of  Cutch,  by  Sir  A.  Bumes,  who  was  not  in 
communication  with  Capt.  Macmurdo,  confirms  the  facts  above  enumera- 
ted, and  adds  many  important  details. f  That  officer  examined  the 
delta  of  the  Indus  in  1820  and  1828,  and  from  his  account  it  appears 
that,  when  Sindree  subsided  in  June,  1819,  the  sea  flowed  in  by  the 
eastern  mouth  of  the  Indus,  and  in  a  few  hours  converted  a  tract  of 
land,  2000  square  miles  in  area,  into  an  inland  sea,  or  lagoon.  Neither 
the  rush  of  the  sea  into  this  new  depression,  nor  the  movement  of  the 
earthquake,  threw  down  entirely  the  small  fort  of  Sindree,  one  of  the 
four  towers,  the  northwestern,  still  continuing  to  stand  ;  and,  the  day  after 
.  the  earth(|uake,  the  inhabiUints  who  had  ascended  to  the  top  of  this 
tower,  saved  themselves  in  boats. J 

♦  I  VIM  indebted  to  my  friend  the  late  Sir  Alexander  Bumes  for  the  accom- 
panying sketch  (fig.  72)  of  tho  fort  of  Sindree,  as  it  appeared  eleven  yeiir*  before 
tlif  earthijunke. 

f  This  Memoir  is  now  in  the  Library  of  the  Royal  Asiatic  Society  of  L«>ndon. 
X  Severnl  particulars  not  given  in  the  earlier  edition  were  afterwards  obtained 
by  me  from  personal  communication  with  Sir  A  Buroes  in  London. 


462  ELEVATION  OF  THE  ULLAH  BUND.  '       [Ch.  XXVll 

Elevation  of  the  UUah  Bund. — Immediately  after  the  shock,  the  in* 
habitants  of  Sindree  saw,  at  the  distance  of  fire  miles  and  a  half  fnxL 
tbeur  village,  a  long  elevated  mound,  where  previously  there  liad  been  a 
low  and  perfectly  level  plain.  (See  Map,  fig.  71.)  To  this  uplifted 
tract  they  gave  the  name  of  "  Ullah  Bund,"  or  the  '*  Mound  of  God,** 
to  distinguish  it  from  several  artificial  dams  previously  thrown  across 
the  eastern  arm  of  the  Indus. 

Extent  of  connirfj  raised. — It  has  been  ascertained  that  thb  new- 
raised  counivy  i&  iijnrards  of  fifty  miles  m  length  from  east  to  wesl, 
running  parallel  to  that  line  of  subsidenLa  before  mentioned,  which 
caused  the  grounds  around  Siudree  to  be  flooded,  Tho  mnge  of  this 
elevation  extends  from  Puchura  IsliUid  towards  Gharee:  its  breadth 
from  north  to  south  is  conjectured  to  be  in  soaie  parti*  sixteen  miks,  and 
its  greatest  ascertainc^l  height  above  the  original  level  of  the  delta  is 
ten  feet, — an  elevatkm  wbicli  appears  to  tbe  eye  to  be  very  mufom 
tbroughouL 

For  seTeral  years  after  the  cooTulsien  of  1819,  the  course  of  the  In- 
«iu  was  very  unsettled,  and  at  length,  in  1826,  the  river  threw  a  vast 
body  of  water  into  its  eastern  arm,  that  called  tbe  Pbunaun,  above 
Sindree ;  and  forcing  its  way  m  a  more  direct  oonrse  to  tbe  sea,  bnist 
ibrougb  all  the  ardficial  dams  which  had  been  thrown  across  its  obao* 
nel,  and  at  length  cut  right  through  the  "  Ullah  Bund,"  whereby  a 
natural  section  was  obtained.  In  thv.  perpendicular  i  lifTs  thus  laid  open 
Sir  A.  Bumes  found  that  the  upraised  lands  consisted  of  clay  filled  with 
sbdls.  The  new  channel  of  the  river  where  it  intersected  the  "  bund" 
was  eighteen  feet  deep,  and  forty  yards  in  width;  but  in  1828  the 
channel  was  still  fartlier  enlarged.  The  Indus,  when  it  first  opened  this 
new  pass.TL'^r,  threw  such  a  body  of  water  into  the  new  nier^v  or  salt 
laijoon,  of  ^Smdree,  that  it  became  fresh  for  manv  niontlis;  but  it  had 
recovered  its  saltness  in  1828,  when  tlie  supply  of  river-water  >Yas  k*ss 
copious,  and  finally  it  became  more  salt  than  the  sea,  in  cotjsequence,  as 
the  natives  suggested  to  Sh"  A.  IJurnes,  of  the  saline  particles  wiUi 
•         which  the  "Runn  of  Cutch"  is  impregnated. 

In  1828  Sir  A.  Bumes  went  in  a  boat  to  the  ruins. of  Sindree,  where 
a  single  remaining  tower  was  seen  in  thu  luidst  of  a  wide  expanse  of 
The  tops  of  the  ruined  walls  still  rose  two  or  three  feet  above  the  Icfd 
of  the  water ;  and  standing  on  one  of  these,  he  could  behold  nothing  ia 
the  horison  but  water,  except  in  one  direction,  where  a  blue  streak  of 
land  to  the  north  indicated  the  UUah  Bund.  This  scene  presents  to  the 
imagination  a  lively  picture  of  ihe  reyolotions  now  in  progr^  en  the  ^ 
earth — a  waste  of  waters  where  a  few  years  before  alt  was  Isnd,  end 
the  only  land  visible  consisting  of  ground  uplifted  by  a  receot  earth- 
quake. 

Ten  years  after  the  visit  of  Sir  A.  Bumes  above  alluded  to»  my  fnend. 
Captain  Grant,  F,  6. 8.,  of  the  Bombay  Engineers,  had  the  kiodBess 
to  send  at  my  request  a  native  surveyor  to  make  a  plan  of  Sindree  sod 
UUah  Bund,  in  March^  1888.  From  his  description  it  appears  tbaW  «^ 
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tlnft  aetiQii,  the  driett  of  ilie  whole  year,  he  found  the  channel  timra- 
tng  the  Bond  to  be  100  yards  wide^  without  water,  and  menated  with 
flilt  He  waa  toM  that  it'  hm  now  only  foor  or  five  feet  of  water  in  it 
afiff  rains.  The  sides  or  bonks  were  nearly  perpendicular,  and  nine 
ftet  in  height.  '  The  lagoon  has  diminished  both  in  area  and  depth,  and 
part  near  the  fort  waa  dry  Uud.  The  anneied  drawing,  made  by  Cap- 
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tain  Grant  from  the  surveyor's  plan,  showa  the  appearance  of  the  fort 
in  the  midst  of  the  laike,  as  seen  m  1888  from  the  weat,  or  from  the 
nme  pomt  as  that  from  which  Oaptain  Orindlay'a  sketch  (see  fig.  78) 
waa  taken  in  1808,  before  the  earthquake. 

The  Bunn  of  Gutch  b  a  flat  region  of  avery  peculiar  character,  and  no 
lew  than  7000  square  milea  in  area :  a  greater  aiqperfidal  extent  than 
Toikshire^  or  about  one-fourth  the  area  of  Ireland.  It  is  not  a  desert 
of  moving  sand,  nor  a  marsh,  but  evidently  the  dried-up  bed  of  an  in- 
land sea,  which  for  a  great  part  of  every  year  has  a  hard  and  dry  bot- 
tom uncovered  by  weeds  or  grass,  and  only  supporting  here  and  there  a 
few  tamarisks.  But  during  the  monsoons,  when  the  sea  runs  high,  the 
salt-water  driven  up  from  the  Gulf  of  Cutch  and  the  creeks  at  Luckput 
overflows  a  large  part  of  the  llunn,  especially  after  rains,  whon  the  soaked 
ground  permits  the  sea-water  to  spread  rapidly.  The  liunn  is  also  liable 
to  be  overflowed  /)ccasionally  iti  some  parts  by  river- water :  and  it  is  re- 
markable that  the  only  portion  which  vfoa  ever  highly  cultivated  (that, 
anciently  called  Sayra)  is  now  permanently  submerged.  The  surface  of 
the  Runn  is  sometimes  incrusted  with  salt  about  an  inch  in  depth,  in  conse- 
quence of  the  evaporation  of  the  sea-water.  Islands  rise  up  in  some  parts 
of  the  waste,  and  flie  boiindar}-  lands  form  bays  and  promontories.  The 
naUves  have  various  traditions  respecting  the  former  separation  of  Cutch 
and  Sinde  by  a  bay  of  the  sea,  and  the  drying  up  of  the  district  called 
the  Runn.  But  these  tailea,  beeidea  the  unial  uncertainty  of  oral  tadi- 
tioQ,  are  livtber  obseuied  by  mythological  fictions.  The  conveiBMiu.  of 
the  Bunninto  land  is  cUefly  ascribed  to  the  miraculous  powers  of  a  Hin- 
doo ssmt,  by  name  Damorath  (or  Dhoorunnath),  who  had  previously  done 
penance  for  twehre  yeara  on  the  summit  of  Denodur  hill.  Captam  Grant 
infei%  on  varioua  grounda,  that  thia  aamt  flourished  about  the  ele?enth 
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or  twetftb  century  of  our  era.  In  proof  of  the  drying  up  of  the  HunQr 
some  towns  far  inland  are  still  pointed  out  as  having  onoe  been  ancient 
ports.  It  has,  moreover,  been  always  said  that  ships  were  wrecked  and 
engulphed  by  the  great  catastrophe ;  and  in  the  jets  of  black  muddy 
water  thrown  out  of  fissures  in  that  reojioD,  in  1819,  there  were  cast  up 
numerous  pieces  of  wrouglit-iron  and  ship  nails.*  Cones  of  sand  six  or 
eight  feet  in  licight  were  at  ihe  same  time  thrown  up  on  these  lauds.f 

We  must  not  conclude  without  alluding  to  a  moral  phenomenon 
connected  with  this  trcmend  iiis  catastrophe,  which  we  regard  as  highly 
deserving  ^^^^  attention  of  geologists.  It  is  stated  by  Sir  A.  Burnes,  lliat 
"  these  wonderful  events  passed  unheeded  by  tlic  inhabitnnts  of  Cutch;" 
for  the  region  convulsed,  though  once  fc«tile,  liad  for  a  long  period  boeu 
reduced  to  sterility  by  want  of  irrigation,  so  that  the  natives  were  indif- 
ferent as  to  its  fate.  Now  it  is  to  this  profound  apathy  which  all  bat 
highly  civilized  nations  feel,  in  regard  to  physical  events  not  having  an 
immcKliate  bflnence  on  their  worldly  fortunes,  that  we  must  ascribe  the 
extnordinary  dearth  of  hbtorical  information  concereing  changes  of  the 
earth's  snifac^  which  modem  observations  show  to  be  by  no  means  o( 
rare  occurrence  in  the  ordinary  coarse  of  nature. 

Since  the  above  account  was  written,  a  desoriptbn  has  been  published 
of  more  recent  geographical  changes  in  the  district  of  Cutch,  nesr  the 
mouth  of  the  Koree,  or  eastern  branch  of  the  Indus,  which  happened 
in  June,  1845.  A  large  area  seems  to  have  subsided,  and  the  Sindree 
lake  had  become  a  salt  marsh.| 

Island  of  Sumbawa,  1815. — In  April,  1816,  one  of  the  most  frightful 
eruptions  recorded  in  history  occurred  in  the  province  of  Tomboro,  in  the 
islnnd  of  Sumbawa  (see  Map,  fig.  [][),  p.  351),  about  200  miles  from 
the  eastern  •  xireniity  of  Java.  In  April  of  the  year  preceding  the 
volcano  had  been  observed  in  a  state  of  considerable  activity,  asiies  hav- 
ing fallen  upon  tlie  decks  of  vessels  which  sailed  past  the  coast. ^  The 
eruption  of  IS  15  becran  on  the  5th  of  April,  but  was  most  violent  on  the 
11th  and  12th,  ;iud  did  not  entirely  cease  till  July.  The  sound  of  the 
explosions  was  heard  in  Sumatra,  at  liie  distance  of  970  geographical 
miles  in  a  direct  line;  and  at  Ternate,  in  an  opposite  direction,  at  the 
distance  of  720  miles.  Out  of  a  population  of  12,000,  in  the  prorinoe 
of  Tomboro,  only  twenty-six  individuals  survived.  Violent  whorlwinds 
carried  up  men,  horses,  cattle,  and  whatever  else  came  within  their  influ* 
enoe  into  the  air ;  tore  up  the  largest  trees  by  the  roots,  and  covered  the 
whole  sea  with  floating  timber.|  Great  tracts  of  land  were  covered  by 
lava,  several  streams  of  which,  issuing  from  the  crater  of  the  Tomboio 
mountain,  reached  the  sea.  So  heavy  was  the  fidl  of  ashes,  that  they 
broke  into  the  Resident's  house  at  Bima,  forty  miles  east  of  the  vdcano, 
and  rendered  it  as  well  as  many  other  dwellings  in  the  town  unbhabil- 
ttble.   On  the  side  of  Java  the  ashes  were  carried  to  the  distance  of  300 

*  Capt.  Burnes'  Account.  f  Capt  Macmurdo's  Memoir,  £d.  Fliil.  Jouro. 
vol        1U6.  i  Quart.  OeoL  Jonro.  voL  il  p.  109. 

§  m  of  J.  Crswfurd,  Esq.     |  RsfBcs'  Javs*  vol  i  p,  28^ 
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wBm,  ind  S17  towards  Celebes,  in  sufficient  quantily  to  darken  the  air. 
Hie  floataog  cinden  to  the  westward  of  Soina^  formed,  on  the  ISth  ol 
Apfil,  a  mass  two  feet  thick,  and  seven!  nules  in  extent,  through  which 
diips  with  difficulty  forced  their  way. 

The  darkness  occasioaed  in  the  daytasne  fay  the  ashes  in  Java  was  so 
profound,  that  nothing  equal  to  it  was  ever  witnessed  in  the  darkest 
B^ht»  Although  this  volcanio  dust  when  it  fell  was  an  inpalpahle 
powder,  it  was  of  considerable  weight  when  comprcssedp  a  pint  of  it 
weighinj^  twelvo  ounces  and  three  quarters,  "  Some  of  the  finest  pnrti- 
cles,"  says  Mr.  Crawiurd,  "were  transported  to  tho  i?]nnds  of  Amboyna 
and  Banda,  which  last  is  about  800  mile^  east  from  the  site  of  the  vol- 
cano, nkhough  the  southeast  monsoon  was  then  at  its  height."  They 
raii^i  h  ive  l)ecn  projected,  therefore,  into  the  upper  regions  of  the 
atmosphere,  where  a  counu  r-current  prevailed. 

Along  the  sea-coast  of  Sumbawa  and  the  adjacent  isles,  the  sea  rc«e 
suddenly  to  the  height  of  from  two  to  twelve  feet,  a  great  wave  rushing 
ap  the  estuaries,  and  then  suddenly  subsiding.  Although  the  wind  at 
Kma  was  still  during  the  whole  time,  the  sea  rolled  in  upon  the  shore, 
and  fined  the  lower  parts  of  the  houses  with  water  a  foot  deep.  Every 
prow  sad  host  was  forced  from  the  anchorsge,  and  driven  on  shore. 

The  town  called  Tomhoro,  on  the  west  side  of  Sumhawa,  was  over- 
flowed by  the  sea,  which  encroached  upon  the  shore  so  that  the  water 
nmained  permanently  eighteen  feet  deep  in  places  where  there  was  land 
bcficne.  Hiere  we  may.  observe,  that  the  amount  of  subsidence  of  land 
was  apparent,  in  spite  of  the  ashes,  which  would  naturslly  have  caused 
tiie  limits  of  the  coast  to  be  extended. 

The  area  over  which  tremulous  noises  and  other  volcanic  effects  ex-, 
tended,  was  1000  English  miles  in  lircumfercnee,  including  the  whole 
of  the  Molucca  Islands,  Java,  a  considerable  portion  of  Celebes,  Suma- 
tra, and  Borneo.    In  the  island  of  Amboyna,  in  the  same  month  aod 
year,  the  ground  opened,  tlirew  out  water,  and  then  closed  again.* 

In  roTiclusion,  1  may  remind  the  reader,  that  but  for  the  accidental 
presence  of  Sir  Stamford  KalHes,  then  Governor  of  Java,  we  should 
scarcely  have  heard  in  Europe  of  this  tremendous  catastrophe.  He 
required  all  the  residents  in  the  various  districts  ut der  his  authority  to 
spnd  in  a  statement  of  the  circumstances  which  occurred  within  their  own 
knowledge  ;  but,  valuable  as  were  their  communications,  they  are  often 
(^culated  to  excite  rather  than  to  satisfy  the  curiosity  of  the  geologist. 
They  mention  that  similar  effects,  though  in  a  less  degree,  had,  about 
seven  years  before,  accompanied  an  emptbn  of  Carang  Assam,  a  volcano 
ia  the  Uand  of  Bali,  west  of  Sumatra ;  but  no  particulan  of  that  great 
estsstrophe  are  reoorded.f 

GsracMt,  1812. — On  the  26th  of  March,  1812,  several  vbleni  shocks 
of  an  earthquake  were  felt  m  Caraocas.  The  surface  undulated  like  a 
boiling  liquid,  and  terrific  sounds  were  heard  underground.   The  whok 

*  Kamea'  Hist  of  Java,  vol  I  p.  25.   Ed,  PhiL  Joura.  toL  iU.  p.  889. 
t  Life  end  Sernees  of  Sir  SCamJiDrd  Bdfla^  pi  241.  Loodon,  1890. 
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city  with  its  splendid  churcbes  was  in  un  instant  a  lieap  of  ruin*^,  under 
which  10,000  of  the  inhabitants  were  bunf'd  On  the  oth  of  April, 
enormous  rocks  w<'re  detached  from  the  mountains.  It  was  believed 
that  the  mountain  8illa  lost  from  300  to  360  feet  of  its  heiglu  by  subsi- 
dence ;  but  this  was  an  opinion  not  founded  on  any  measurement.  On 
tlic  27th  of  A])ril,  a  volcano  in  St.  Vincent'8  threw  out  ashes  ;  and,  on 
the  30Lli,  lava  flowed  from  its  crater  into  the  sea,  wlilie  its  exf)losioas 
were  heard  at  a  distance  equal  to  that  between  ^\^suvius  and  Swiuer- 
land,  the  somid  being  transmitted,  as  Humboldt  supposes,  through  the 
ground.  Daring  tlie  earthquake  which  destroyed  Caraecas,  an  immense 
quantity  of  water  was  thrown  out  at  ValecUlo^  near  Valencia,  as  also  at 
Porto  Cabello,  through  openings  in  the  earth ;  and  in  the  Lake  Mam- 
cAjbo  the  water  sank.  Humboldt  observed  that  the  CordilleFas,  com- 
pceed  of  gneiss  and  mica  slate,  and  the  country  immediately  at  their  fee^ 
-were  more  violently  shaken  than  the  plams.* 

South  Carol and  New  Madrid,  Mistowit  1611-12.— Previoiis  to 
the  dostructi'Mi  of  La  Guayra  and  Caraccas,  in  1812,  earthquakes  were 
felt  in  South  Carolina;  and  the  shocks  continued  till  those  ci(i<  s  were 
destroyed.  The  valley  also  of  the  Mississippi,  from  the  village  of  New 
Madrid  to  the  mouth  of  the  Ohio  in  one  direction^  and  to  the  St.  Francis 
in  another,  was  convulsi  d  in  such  a  de^rree  as  to  create  new  lakes  and 
islands.  iL  has  been  remarked  hy  Humboldt  in  his  Cosmos,  that  the 
earthiiualcc  of  New  Madrid  presents  one  of  the  1\mv  examples  on  record 
•  rf  llie  incessant  quakini^  of  the  i^'roifnd  for  several  successive  nionihs  far 
from  any  volrnno.  Flint,  the  geographer,  who  vi^iied  the  country  seven 
years  attt  r  tlie  event,  informs  us,  that  a  tract  of  many  miles  in  extent, 
near  the  Little  Prairie,  become  covered  with  water  three  or  f.nir  feet 
deep  ;  and  whin  the  water  disappeared  a  stratum  of  sand  was  left  iu  its 
place.  Large  lakes  of  twenty  miles  jn  extent  were  formed  in  the  course 
of  an  hour,  and  others  were  drained.  The  grave-yard  at  Kew  Madrid 
was  precipitated  into  the  bed  of  the  Mbsissippi ;  and  it  is  stated  that  the 
ground  whereon  the  town  is  built,  and  the  river«bank  for  fifteen  miles 
above,  sank  eight  feet  below  their  former  leveLf  The  neighboring  forest 
presented  for  some  years  afterwards  "  a  singular  scene  of  confunon ;  the 
trees  standing  inclined  hi  every  direction,  and  many  having  their  trunks 
and  branches  broken."^ 

The  inhabitants  relate  that  the  earth  rose  in  great  undulations;  and 
when  these  reached  a  certain  fearful  height,  the  soil  burst,  and  vast  vol- 
umes of  water,  sand,  and  pit-co  d  were  discharged  as  high  as  the  tops 
of  the  trees.  Flint  saw  hundreds  of  these  deep  chasms  remaining  in  an 
alluvial  soil,  seven  years  after.  Th<'  people  in  the  country,  although 
inexperienced  in  such  convulsions,  hail  )eniarlted  that  the  chasms  in  the 
earth  wer?  in  a  direction  from  S.  W.  to  X.  E. ;  and  they  acfordinijly 
felled  the  tallest  trees,  and  laying  tUem  at  right  angles  to  the  chasms^ 

♦  Humboldt's  Tcrs.  Xar.  voL  iv.  p.  12  ;  nnd  Ed.  Phil.  Joum.  voL  i  p  2?8:  18I» 

♦  Cramer's  Navigator,  p.  248.    Pittsburgh,  1821. 

\  LoDg'B  Bxped.  to  the  Kocky  Mountaiofl,  vol  JiL  184. 
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gtationed  themselves  upon  them.  By  this  invention,  when  chasms  open- 
ed more  than  once  under  these  trees,  several  persons  were  prevented 
fnnn  h&ng  swallowed  up.*  At  one  period  during  this  earthquake,  the 
groand  not  far  below  New  Madnd  swelled  up  so  as.  to  arrest  the  Missis- 
sippi in  its  course,  and  to  cause  a  temporary  reflux  of  its  waves.  The 
motion  of  some  of  the  shocks  js  described  as  having  been  horisontal,  and 
of  others  perpendicular ;  and  the  vertical  movement  is  said  to  have  been 
mnch  leas  desolating  than  the  horizontal. 

above  account  has  been  reprinted  exactly  as  it  appeared  in 
former  (  (liliun"^  of  this  work,  compiled  from  the  authorities  which  I  have 
cited  ;  but  havinjf  more  recently  (March,  1846)  had  an  opportunity 
myself  of  vi»ittng  the  disturbed  region  of  the  Mississippi,  and  convers- 
ing ^\ith  many  eye-witnesses  of  the  catastrophe,  I  am  able  to  confirm 
the  truth  of  those  statements,  and  to  add  some  remarks  on  the  present 
face  and  ft^  Uures  of  the  fourilrv.  I  skirted,  as  was  before  related  (p. 
2*70),  part  of  the  territory  immediately  west  of  New  Madrid,  called 
"  the  sunk  country',"  which  was  for  the  first  time  permanently  sub- 
merged during  the  earthquake  of  LSI  1-12.  It  is  said  to  cxiend  along 
the  course  of  the  White  Water  and  its  tributaries  for  ;i  distance  of  be- 
tween 70  and  RO  miles  north  and  .south,  and  30  miles  ca>t  and  west.  I 
saw  on  its  borders  many  full-grown  trees  still  standing  lealless,  the  bot- 
toms uf  their  trunks  several  feet  under  water,  and  a  still  greater  num- 
ber lying  prostrate.  An  active  vegetation  of  aquatic  plants  is  already 
beginning  to  fill  up  some  of  the  shallows,  and  the  sediment  washed  in 
by  occasional  floods  when  the  Hississip])i  rises  to  an  extraordinary 
height  contribptes  to  convert  the  sunk  region  into  marsh  and  forest 
land.  Even  on  the  dry  ground  along  the  confines  of  the  submerged  ' 
ares,  I  observed  in  some  places  that  all  the  tiees  of  prior  date  to  1811 
were  dead  and  leafless,  though  standing  erect  and  entire.  They  are 
supposed  to  tiave  been  killed  by  the  loosening  of  their  roots  during  the 
repeated  undulations  which  passed  through  the  ground  for  three  months 
in  succession. 

Mr.  Bringier,  an  cxperienffd  engineer  of  New  Orleans,  who  was  on 
hmseback  near  New  Madrid  when  some  of  the  severest  shocks  were  ex- 
perienced, relat«^d  to  me  (in  L^tO),  that  "as  the  waves  advanced  the 
trees  bent  down,  and  the  instant  afterwards,  wliile  recovering  their  posi- 
tion, they  often  met  tlio^c  of  other  trees  similarlv  inclined,  so  that  their 
branches  becoming  interlocked,  they  were  ]ir('\ enled  from  rigliting  them- 
selves again.  The  transit  of  the  wave  through  the  woods  wns  marked 
by  the  crashing  noise  f>f  countl<'>s  boughs,  first  heard  on  on*.'  side  and 
then  on  the  other.  At  the  same  time  powerful  jets  of  \\at<  r,  mi.\cd 
with  sand,  mud,  and  fragments  of  coaly  matter,  were  cast  up,  endanger- 
ing the  lives  of  both  horse  and  rider." 

I  was  curions  to  ascertain  whether  any  vestiges  still  remained  of 
these  fountama  of  mud  and  water,  and  carefully  eiammed  between  New 
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Madrid  and  the  Little  Prairie  several  *'  sink  hole^*'  8S  they  are  termed. 
They  eoosist  of  esviCaee  firom  10  to  30  yards  in  width,  and  SO  feet  cf 
more  in  depth,  and  are  rery  conspicuous,  interrupting  the  level  smfiee 
of  a  flat  alluvial  plain.  I  saw  ahondanoe  of  sand,  wUch  some -of  the 
present  inhahitants  saw  spoutbg  from  these  deep  h(4es»  also  tvq^mu^ 
of  decayed  wood  and  Uack  hiUmunous  shale^  prohably  drifted  down  al 
some  fonner  period  in  the  nm  channel  of  the  ICisnssippi,  fimn  the 
coal-fidds  farther  north.  I  also  found  numerous  rents  in  the  soil  left 
by  the  earthquake,  some  f  them  still  several  feet  wide,  and  a  yard  or 
two  in  depth,  although  the  action  of  rains,  frost,  and  occasional  inunds* 
tions,  and  especiaUy  the  leaves  of  trees  blown  into  them  in  eounlkii 
numbers  every  autumn,  hare  done  much  to  fill  tbem  up.  I  measured 
the  direction  of  some  of  the  fissure?,  which  usually  varied  from  10  to 
45  degrees  W.  of  north,  and  were  often  pnmllel  to  each  otlier  ;  1  found, 
however,  a  considerable  diversity  in  their  direction.  Many  of  them  are 
traceable  for  half  a  mile  and  upwards,  but  they  might  easily  be  mis- 
taken fur  artificial  trenches  if  resident  settlers  were  not  there  to  ammt 
us  that  within  their  recollection  they  were  "as  deep  as  wells."  Frag- 
ments of  coaly  shale  were  strewed  alon^  the  edges  of  some  of  these 
open  6ssures,  together  with  white  sand,  in  the  same  manner  as  round 
the  "  sink  holes."* 

Among  other  tnonuments  ol  the  ehangea  wrought  in  1811-12, 1  ex- 
plored the  bed  of  the  lake  called  Eulalie,  near  New  Madrid,  800  jaidB 
long  by  100  yards  in  width,  which  was  suddenly  drained  during  the 
earthquake.  The  parallel  fissures  by  which  the  vraleis  escaped  are  not 
yet  entirely  closed,  and  all  the  trees  growing  on  its  bottom  were  st  tbe 
time  of  my  visit  less  than  84  years  old.  They  cousisted  of  cotton-wood. 
willows,  and  honey-locust,  and  other  species,  diffsring  from  those  cloth- 
ing  the  surrounding  higher  grounds,  which  are  more  elevated  by  12  or 
16  feet  On  them  the  hickory,  the  black  and  white  oak,\he  gum  and 
other  trees,  many  of  them  of  ancient  date,  were  flourishing. 

Aleutian  Islands,  1806. — In  the  year  1806,  a  new  island,  in  the  form 
of  a  peak,  with  some  low  conical  hills  upon  it,  is  said  to  have  risen  from 
the  sea  among  the  Aleutian  Islands,  east  of  Kamtschatka.  A «  cording  to 
Langsdorf,f  it  was  four  geographical  miles  in  circumference;  and  Von 
l^uch  infers  from  its  magnitude,  and  from  its  not  having  again  subsided 
below  the  level  of  the  sea,  that  it  did  not  consist  merely  of  ejected  mat- 
ter, but  of  a  solid  rock  of  trachyte  upheaved.J  Another  extraordinaiy 
eruption  happened  in  the  spring  of  the  year  1814,  ia  the  sea  near  Uos* 
laschka,  in  the  same  archipelago.  A  new  isle  was  then  produced  cf 
considerable  size,  and  with  a  peak  three  thousand  feet  high,  which  re- 
mained standing  fior  a  year  aflerwaids^  thoi^^h  with  somewhat  dinun* 
ished  height 

AUhough  it  is  not  improbable  that  earthquake^  accompanying  tbcse 

•  See  Lyell'a  Second  Visit  to  the  United  States,  cli.  xxxiiL 
I  Bemerkungen  auf  einer  Beise  um  die  Welt  bd.  iL  Sb  209. 
i  If  em  AJl^m.  Oeofp'.  Bphemor.  bd.  iiL  s.  848 
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tocmendoiis  eniptions  may  have  heaved  up  part  of  the  bed  of  (he  ica, 
yet  the  eivonmetaiiee  of  the  kUuide  aot  having  diaappeaied  like  Sabrioa 
(aee  p.  419)»  may  have  aiuea  from  the  emisBon  of  lava.  If  Jonillo,  for 
eiampl^  in  1759,  had  risen  from  a  shailow  tea  to  the  hdght  of  1600 
Iset*  ioateed  of  attaioing  that  elevatkm  'above  the  Meiican  plateau^  the 
naanve  current  of  basaltic  lava  which  poured  out  from  its  crater  would 
have  enabled  it  to  vnthataad,  for  a  long  period*  the  action  of  a  tnrbu- 
lont  sea. 

Bejlections  (m  (he  eca^thqiml^  of  the  nineteenth  century. — We  are  now 
about  to  pass  on  to  the  events  of  the  eighteenth  century  ;  but  before  we 
leave  tlie  consideration  of  lhn>e  already  enumerated,  let  us  pause  for  a 
moment,  and  reflect  how  many  remnrkablf  facts  of  LTeolnj^irril  infpres.t 
are  afforded  by  the  earthquakes  above  des^rrilM  d,  thouga  they  constitute 
but  a  small  part  of  the  convulsions  even  of  the  last  forty  years.  New 
rocks  have  nstn  ironi  the  waters ;  new  hot  springs  have  burst  out,  and 
the  temperature  of  others  has  been  raised;  the  coast  of  Chili  has  been 
thrice  pcrmancatly  elevated ;  a  considerable  tract  in  liie  delta  of  the 
Indus  has  sunk  down,  aod  some  of  its  shallow  channels  have  become 
navigable ;  an  adjoimng  part  of  the  same  district,  upwards  of  fifty  miles 
m  length  and  sixteen  m  breadth,  has  been  raised  about  ten  £»et  above  its 
fonner  level ;  part  of  the  great  plain  of  the  Htssissippi,  for  a  distance  of 
qghty  miles  in  length  by  thirty  m  breadth,  has  sank  down  several  feet ; 
the  town  of  TOmboro  has  been  snhmexged,  and  twelve  thousand  of  the 
mhaUtants  of  Sumbawa  have  been  destroyed.  Yet,  with  a  knowledge 
of  these  terrific  catastrophes,  witnessed  during  so  brief  a  period  by  the 
present  geueiation,  will  the  geologist  declare  with  perfect  composure 
that  the  earth  has  at  length  settled  into  a  state  of  repose  ?  Will  he 
iHftifc^niMi  lo  assert  that  the  changes  of  relative  level  of  land  and  sea,  so 
common  in  fonner  ages  of  the  world,  have  now  ceased?  If,  in  the  face 
of  so  many  strildn^  facts,  he  persists  in  mnintaining  this  favorite  dogma* 
it  is  in  vain  to  hope  that,  by  accumulating^  the  proofs  of  similar  convul- 
sions during  '\  series  of  antecedent  ages,  we  shall  shake  his  tenacity  of 
purpose : — 

81  lirsctiii  illabatar  orbis 
Impavidttn  f«rient  rniiui» 

SAaTBQUAKas  OF  IBB  BIOHTBBiriH  OBXT0BY, 

Quito,  1707. — On  the  morning  of  February  4th,  1/97,  the  volcano 
of  Tunguragua  in  (^uito,  and  the  surround  incf  district,  for  forty  leagues 
from  south  to  north,  and  twenty  leagues  fiuia  west  to  east,  experienced 
an  undulating  movement,  which  lasted  four  minutes.  The  same  shock 
was  felt  over  a  tract  of  170  leagues  from  south  to  north,  from  Pinra  tc 
Popayan ;  and  140  from  west  to  east,  from  the  sea  to  the  river  Hapo. 
In  the  smaller  district  first  mentioned,  where  the  movement  was  more 
mteose,  every  town  was  levelled  to  the  groond ;  and  Riobomba,  Qoero, 
and  other  places,  were  baried  under  masses  detached  from  the  monn* 
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turn.  At  tbe  foot  of-  T^mgnragna  tbe  eaith  was  rait  open  in  aevcnl 
places ;  and  streams  of  water  andL  fetid  mud*  called  "moja,**  poured 
out,  oTerflowing  and  wasting  every  tiling.   In  valleys  1000  feet  trad, 

the  war rr  <  f  those  floods  readied  to  the  height  of  600  feet;  and  the 
mud  deposit  barred  up  the  course  of  the  river,  so  as  to  form  lakes, 
which  in  some  places  continued  for  more  than  eighty  days.  Flames  and 
suffocating  vapors  escaped  from  the  lake  Quilotoa,  and  killed  all  tbe 
cattle  on  its  shores.  The  shocks  continued  all  February  and  March ; 
and  on  thf  5th  of  April  they  recurred  with  almost  as  much  violence  a? 
at  first.  We  are  told  that  the  form  of  the  surface  in  the  district  n.c«8l 
shaken  was  entirely  altered,  hut  no  exact  measurements  are  L,nveD 
whereby  we  may  estimate  the  dei^ree  of  elevation  or  subsidence.*  In- 
deed it  would  be  difficult,  except  in  the  immediate  neighborhood  of  the 
sea,  to  obtain  any  certain  standrird  of  comparison  if  the  levels  were  really 
as  much  altered  as  the  narrations  imply. 

Cummuip  1797. — In  the  same  year,  on  the  14th  of  December,  the 
small  Antilles  experienced  subterranean  movements,  and  fonr*fiftlis  of 
the  town  of  Cnmana  was  shaken  down  by  a  Tertical  ahoek.  Tbe  form 
of  tbe  shoal  of  Momerouge,  at  the  mouth  of  tbe  iiTer  Bonidoiie^  was 
chang^  bj  an  upheaving  of  the  gronnd.f 

Canada — Quebec,  ItOl. — ^We  learn  from  Captain  Bayfield's  memoirs, 
that  earthquakes  are  yeiy  frequent  on  the  shore  of  tbe  estnaiy  of  the 
St.  Lawrence,  of  force  suffident  at  times  to  split  walls  and  throw  down 
chimneys.  Such  were  the  effects  cxjierienoed  in  December,  1721,  in  St. 
Paul's  Bay,  about  fifty  miles  N.  £.  from  Quebec ;  and  the  inhabitants 
say,  that  about  every  twenty-five  years  a  violent  earthquake  returns, 
which  lasts  forty  days.  In  the  History  of  Canada,  it  is  stated  that,  in 
1663,  a  tremendous  convulsion  lasted  six  months,  extending  from  Que- 
bep  to  Tadeausac, — a  distance  of  about  130  miles.  The  ice  on  the 
river  was  broken  up,  and  many  landsUps  caused  + 

Caraccas,  1790. — In  the  Caraccas,  near  where  the  Caura  joins  the 
Orinoco,  between  the  towns  San  Pedro  de  Alcantara  and  San  Francisco 
de  Aripao,  an  earthquake,  on  St.  Matthew  d.iv  1700,  caused  a  sinking 
in  of  the  granitic  soil,  and  left  a  lake  800  yards  in  diameter,  and  from 
eighty  to  one  hundred  in  depth.  It  was  a  portion  of  the  forest  of  Ari- 
pao which  subsided,  and  the  trees  rematnod  green  for  sereral  months 
under  water.§ 

Sidfy,  It 00. — On  the  18th  of  March  in  the  same  year,  at  8.  Maria 
di  Niscemi,  some  miles  from  Terranuova,  near  the  south  coast  of  SicOy. 
the  ground  gradually  sunk  down  for  a  circumference  of  three  Italian 
miles,  during  seven  shocks;  and,  in  one  place,  to  the  depth  of  thirty 
feet.  It  continued  to  subside  to  the  end  of  tbe  month.  Seversl  fissures 
sent  forth  sulphur,  petroleum,  steam,  and  hot  water,  and  a  stream  ol 

*  Oavaiun«^  Journ.  de  Pbys.  tome  xUx.  p.  880.    GQbwt's  AnnileiH  bd. 

Huraboldt'a  Voy.  p.  817. 

t  Huriilxjldt's  Voy.,  Relat.  HL'it..  part.  L  pw  809. 

i  Mucgregor'o  IVuvcla  in  Ainvricu. 

I  HumboMt's  Voy,  Belst.  Hist,  part  tL  p.  eSS.* 
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mild,  wliich  liowed  lor  two  hours,  and  covered  a  space  sixty  leeL  long 
and  thirty  broad.  This  happened  £ar  lium  both  the  ancient  and  modern 
volcanic  district,  iu  a  group  of  i»trata  consisting  chiefly  of  blue  clay.* 

Java,  1786. — About  the  year  1780,  an  earthquake  was  felt  at  inter- 
vals, for  the  period  of  four  months,  in  the  neighborhood  of  Batur,  ic 
Jm,  and  an  eroptum  followed.  Various  rents  were  formed,  which 
emitted  a  snlphnfoos  vapor;  separate  tracts  sunk  away,  and  were 
swallowed  hy  the  earth.  Into  one  of  these  the  itrnlet  Dotog  entered, 
and  afterwards  oontunied  to  follow  a  snbtemmeoiis  coone.  village 
of  Jampang  was  bmied  in  the  ground,  with  tlurty-eight  of  its  inhabii- 
ants,  who  had  not  time  to  escape.  We  are  indebted  to  Dr.  Horsfield 
for  havtDg  verified  the  above-mentioned  faots.f 


CHAPTER  XXYIII. 

SARTBQITAUI  IK  CALABRIA,  1783. 

Sartbquake  m  Calabria,  February  5,  1788 — Shocks  coDtioued  to  tho  ^nd  of  the 
jMr  1386— Aathdrities— Area  eoavolMd— OeologieBl  stnietiire  of  the  dittriei 
— Diffleoltj  of  aacertsining  cbaqges  ^laTel— Sabsidenoe  of  the  quay  at  Mes«i* 

na — Movement  in  the  stones  of  two  obelisks — ShiftorfiMllt  inthe  Sonnd  Tower 
of  Terranuova — Opcninsj  and  closing  of  fissures — Large  edifices  engulfed — 
Dimensions  of  new  caverns  and  fissures — Gradual  closing  in  of  rents — Buundiiig 
of  detached  masMS  into  the  atrT-LandsHpi— Building*  transported  entire  to 
great  distancoa— Vow  lakes— Fqanot'eliaiMd  hollows  in  allavial  pliuns— Ciir> 
rents  of  mud — Fall  of  cliffs,  and  shore  near  Sdlla  inondated— 3tato  of  Strom- 
boli  atid  Etna  during  the  <hocks — How  earthqaakes  oontribate  to  the  IbraiatioD 
of  volleys — Concluding  remarks. 

Calabruz,  1788. — Of  the  numerous  earthquakes  which  have  occurred 
m  different  parts  of  the  globe,  during  the  last  100  years,  that  of  Gala- 
briSy  in  1783,  is  almost  the  only  one  of  which  the  geologist  can  be  said 
to  have  such  a  circumstantial  account  as  to  enable  him  fully  to  appre- 
ciate the  changes  which  this  cause  is  capable  of  producing  in  the  lapse 
Mi  ages.  The  shocks  b^gan  m  February,  1783,  and  lasted  for  nearly 
Tour  years,  to  the  end  of  1786,  Neither  in  duration,  nor  in  violence, 
nor  in  the  extent  of  territory  moved,  was  this  convulsion  remarkable, 
when  contrasted  with  many  experienced  in  other  countries,  both  during 
the  last  and  present  century  ;  nor  were  the  alterations  which  it  occa- 
sioned in  the  relative  level  of  hill  and  valley,  land  and  son,  so  great  as 
those  effected  by  some  subterranean  movements  in  South  Araericn,  in 
later  times.  The  importance  of  tlie  earthquake  in  question  arises  from 
the  circumstance,  that  Calabria  is  the  only  spot  hitherto  visited,  both 


*  Ferrara,CamD.  fl^p.51. 


f  Batav.  Trans,  vol  viiL  p.  141. 
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doling  and  after  the  Wimlaioiia,  bj  men  possessing  soffloienl  laawt, 
nal,  and  aeientifie  infonnaftkNi,  to  mlile  them  to  collect  and  deKribe 
with  accniaoj  the  phyncal  facta  irhieh  throw  fight  on  geological  qves* 
tioiia. 

Authorities. — Among  the  numerous  sathorities,  Yivenno,  phjwoin 
to  the  king  of  Naples,  tranamitted  to -the  court  a  regidar  sUtemeotoC 
his  observations  during  the  continimnce  of  the  shocks ;  and  his  nam-' 
tivc  is  drawn  up  with  care  and  clearness.*   Franoeaeo  Antonio  Gri- 

maldi,  then  secretary  of  war,  visited  the  different  provinces  at  the  king's 
fommand,  and  published  a  most  detailed  description  of  the  pennment 
changes  in  the  Bturface.t   Ue  measured  the  length,  breadth,  and  depth 


1<  IT 


of  the  different  fissures  and  cfnlfs  whieli  opened,  and  ascertained  theif 
number  in  man^^  prov!?i<«Ps.  liis  comments,  moreover,  on  the  reports  of 
the  inhabitants,  and  his  explanations  of  their  relations,  are  judicious  and 
instructive.  Pis^ataro,  a  physician  rcsidinf*^  at  Monteleone,  a  luwn 
placed  in  the  very  centre  of  the  convulsions,  kept  a  register  of  the 
shocks,  distiui^uisliing  them  into  four  classes,  accordiuLC  to  their  degree 
of  violence.  From  his  work,  it  appears  that,  in  the  year  1  783,  the 
number  was  949,  of  which  601  were  shocks  of  the  fii-st  degree  of  forct;  i 

*  latoria  do'  Treinuuti  della  Calabria  del  1788. 

\  Vmabi.  de*  Tremuoti  Aocad.  oelle  Calabria  nel  1Y88.  Kapdii;  1784 
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aad  in  the  following  year  there  were  151,  of  whidi  98  were  of  the  fust 
nuigmtude. 

Count  I[)|)  )l!Lo,  also,  and  many  others,  wrote  descriptions  of  the 
oarthquake  ;  and  ihe  Royal  Academy  of  Naples,  not  satisfied  with  these 
and. Other  observations,  sent  a  deputaUon  from  theur  own  body  into  Cala- 
hiu,  M»e  Uift  ahocks  liad  oeaaed,  who  were  aeeonpeiiied  by  artisto  io-' 
streeted  to  illaalnte  by  drawings  the  physical  ebaagea  d  the  d»triot» 
and  the  state  of  miaed  towna  and  edifices.  Unfortunately  tbeie  artiste 
woe  not  very  suecessful  in  their  lepreaeatatioaa  of  the  condition  of  the  . 
eomtiy,  partictilar^  when  they  attempted  to  express,  on  s  hurge  scale, 
the  extiaotdinary  levolataona  which  many  of  the  great  and  muior  rivep- 
.  courses  underwent  But  many  of  the  plat^  published  by  the  Academy 
are  valuable  ;  and  as  they  are  little  known,  I  shall  frequently  avail  my- 
self of  them  to  illustrate  the  facte  about  to  be  dcsoribed.*' 

In  addition  to  these  Neapolitan  sources  of  informaUon,  our  coimtry-  • 
nan.  Sir  William  Hamilton,  surveyed  the  district,  not  without  some 
personal  risk,  before  the  shocks  had  ceased  ;  and  his  sketch,  published 
in  the  Philosopliical  Transactions,  supplies  many  facts  that  would  other- 
wise hare  been  lost.  He  has  explained,  in  a  rational  manner,  many 
events  which,  as  related  in  the  language  of  some  eye-\yiLnesses,  app«  at  od 
marvellous  and  incredible.  Dolomieu  also  examined  Calabria  dunni^; 
the  catastrophe,  and  wrote  an  account  of  the  earthquake,  correcting  a 
mistake  inlo  which  HamiltoQ  had  fallen,  who  supposed  that  a  part  of 
the  tnict  shaken  had  consisted  of  volcanic  tulf.  It  is,  indeed,  a  circum- 
stance  which  enhances  the  geological  interest  of  the  commotions  which 
so  often  modify  the  svirface  of  Calabria,  that  they  are  confined  to  a 
emmtry  where  there  are  neither  ancient  nor  modem  rodu  d  Yolcaiue 
or  trappean  origin ;  so  that  at  some  future  tune,  when  the  era  of  dis- 
turbance shall  have  passed  by,  the  cause  of  foiiner  revolutions  will  be 
as  latent  as  In  parts  of  Great  Britam  now  occupied  exclusively  by  ancient 
marme  fonnations. 

Mgteni  nf  (kit  tttea  efmpuked, — ^The  convulsion  of  the  earth,  sea,  and 
sir  extended  over  the  whole  of  Calabria  Ultra,  the  southeast  part  of 
Calabria  Cfitra,  and  across  the  sea  to  Messina  and  its  environs ;  a  district 
I^Dg  between  the  dSth  and  88th  degrees  of  latitude.  The  concussion 
was  perceptible  over  a  great  part  of  Sicily,  and  as  far  north  as  Naples ; 
but  the  surface  over  which  the  shocks  acted  so  forcibly  as  to  excite 
intense  alarm  did  not  generally  exceed  500  square  miles  in  area.  Tlie 
soil  of  that  part  of  Calabria  is  composed  chiefly,  like  the  southern  part 
of  Sicily,  of  calcareo-arnriHaceous  strata  of  great  thickness,  containmg 
marine  shells.  This  r1;iv  is  sometimes  associated  with  beds  of  sand  and 
limestone.  For  the  mi  -t  p  trt  these  formations  resemble  in  appearance 
and  cou.-.i.«.Lt'ncy  the  Subapenmne  marls,  with  their  accompanying  sanda 
and  sandstones ;  and  the  whole  group  bears  considerable  resemblance, 

*  Istoria  do'  Fenomem  dei  Tremotc^  4c,  oell'  An.  1788,  potta  ia  luce  dalia  Real. 
A«Gad^  <&c  di  Nap   Napoli,  1783.  foL 
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tn  the  yieldiog  nature  of  its  materials,  to  most  of  our  teitiaij  deposit! 
in  France  and  England.   Ohronologically  considered*  howerer,  the  Cila- 

brian  formations  rir  <  omparativcly  of  modern  date,  oftca  abonndii^  in 
fossil  shells  referable  to  species  now  living  in  the  Mediterranean. 

We  learn  from  Vivencio,  that  on  the  20th  and  26th  of  March,  1788, 
earthquakes  occurred  in  the  islands  of  Zante,  Cephalonia,  and  St.  Maura ; 
and  in  the  l.'Lst-nientioned  island  several  public  edifioes  and  priratc 
houses  were  overthrown,  and  many  people  destroyed. 

If  the  city  of  Oppido,  in  C'alabria  Ultra,  be  taken  as  a  centre,  and 
round  that  centre  a  circle  be  described,  with  a  radius  of  twenty-two 
miles,  this  space  will  comprehend  the  surface  of  the  country  which 
suflfered  the  greatest  alteration,  and  where  all  the  towns  and  villages  . 
were  destroyed.  Tiie  first  shock,  of  February  5th,  l*rS3,  tlircw  down, 
in  two  minutes,  the  greater  part  of  the  houses  in  all  the  cities,  towns, 
and  Tillages,  from  the  western  flanks  of  the  Apennbes  in  Cdabria  Ultra 
to  Messina  in  Sicily,  and  convulsed  the  whole  snrface  of  the  coontiy. 
Another  occurred  on  the  28th  of  March,  with  ahnost  equal  viokace. 
Ihe  granitic  chain  which  passes  through  Ca]abria  from  north  to  soalbt 
and  attains  the  height  of  many  thousand  feet»  was  shaken-  but  slightly 
by  the  first  shock,  but  more  rudely  by  some  which  followed. 

Some  writers  have  asserted  that  the  wave*like  movements  which 
were  propagated  through  the  recent  strata,  firom  west  to  east,  became 
very  violent  when  they  reached  the  point  of  junction  with  the  grsnite, 
as  if  a  reaction  was  produced  where  the  undulatory  movement  of  the 
soft  strata  was  suddenly  arrested  by  the  more  solid  rocks.  But  the 
statement  of  Dolomieu  on  this  subject  is  most  interesting,  and  perhaps, 
in  f\  geological  point  of  view,  the  most  import^mt  of  all  the  observations 
which  nre  recorded.*  Tlic  Apennines,  he  says,  which  consist  in  nrreai 
part  of  liard  and  solid  granite,  with  some  micaceous  and  argillaceous 
schists,  form  bare  mountains  with  steep  sides,  and  exhibit  marks  ol 
great  degradation.  At  their  base  newer  strata  are  seen  of  f5nnd  and 
clay,  min^'-led  with  shells;  a  marine  deposit  containing  such  incrit  linnts 
as  would  result  from  the  decomposition  of  granite,  Tiie  sun.icc  oi  this 
newer  {tcrtiart/)  formation  constitutes  what  is  called  the  plmn  of  Cala- 
bria— a  platform  which  is  flat  and  level,  except  where  intersected  by 
naiTow  valleys  or  ravines,  which  riven  and  torrents  have  ezcavsted 
sometimes  to  the  depth  of  six  hundred  feet  The  sides  of  these  ravines 
are  almost  perpendicular;  for  the  superior  stratum,  being  bound  to- 
gether by  the  roots  of  .trees,  prevents  the  formation  of  a  sloping  bank. 
The  usual  effect  of  the  earthquake  he  eontinues,  was  to  disconneet  aB 
those  masses  which  either  had  not  sufficient  bases  for  their  bulk,  ot 
which  was  supported  only  by  lateral  adlierence.  Hence  it  follows  that 
throughout  almost  the  whole  length  of  the  chain,  the  soil  which  adhered 
to  the  gmnite  at  the  base  of  the  mountains  Gaukne,  £8ope,  Sagi^  and 

''Diwertution  on  the  Oslabrian  Earthquaks^  Aft,  ttsndatsd  in  PiakertaaHi 
•VoTlgw  and  IVavela,  vd.  v. 
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Aspramonte,  slid  over  the  solid  and  steeply  inclined  nucleus,  and  de- 
scended somewhat  lower,  leaving  almost  uninterruptedly  from  St, 
George  to  beyond  St.  Christina,  a  distance  of  from  nine  to  ten  miles,  a 
chasm  between  the  sohd  granitic  nucleus  and  the  sandy  soil.  Many 
lands  slipping  thus  were  earned  to  a  considerable  distance  from  their 
former  position,  so  as  entirely  to  cover  others ;  and  disputes  arose  as  te 
whom  the  property  which  had  thus  shifted  its  place  should  belong. 

From  this  account  of  Dolomieu  we  might  anticipate,  as  the  result  of  a 
continuance  of  such  earthquakes,  first,  a  longitudinal  valley  following  the 
line  of  junction  of  the  older  and  newer  rocks ;  secondly,  greater  disturb- 
ance in  the  newer  strata  near  the  point  of  contact  than  at  a  greater  dis- 
tance from  the  mountains ;  phenomena;  very  common  in  other  parts  of 
Italy  at  the  junction  of  the  Apennine  and  Subapennine  formations. 

Mr,  Mallet,  ih  his  valuable  essay  on  the  Dynamics  of  Earthquakes,* 
offers  the  following  explanation  of  the  fact  to  which  Dolomieu  has  called 
attention.  When  a  wave  of  elastic  compression,  of  which  he  considers 
the  earth-wave  to  consist,  passes  abruptly  from  a  body  having  an  ex- 
tremely low  elasticity,  such  as  clay  and  gravel,  into  another  like  granite, 
whose  elasticity  is  remarkably  high,  it  changes  not  cnly  its  velocity  but 
in  part  also  its  course,  a  portion  being  reflected  and  a  portion  refracted. 
The  wave  being  thus  sent  back  again  produces  a  shock  in  the  opposite 
direction,  doing  great  damage  to  buildings  on  the  surface  by  thus  re- 
turning upon  itself.  At  the  same  time,  the  shocks  are  at  once  eased 
when  they  get  into  the  more  elastic  materials  of  the  granitic  mountains. 

The  surface  of  the  country  during  the  Calabrian  earthquakes  often 
heaved  like  the  billows  of  a  swelling  sea,  which  produced  a  swimming 
io  the  head,  like  sea-sickness.  It  is  particularly  stated,  in  almost  all  the 
accounts,  that  just  before  each  shock  the  clouds  appeared  motionless ; 
and,  although  no  explanation  is  oflered  of  this  phenomenon,  it  is  obvi- 
ously the  same  as  that  observed  in  a  ship  at  sea  when  it  pitches  violently. 
The  clouds  seem  arrested  in  their  career  as  often  as  the  vessel  rises  in  a 
direction  contrary  to  their  course  ;  so  that  the  Calabrians  must  have  ex- 
perienced precisely  the  same  motion  on  the  land. 

Trees,  supported  by  their  trunks,  sometimes  bent  during  the  shocks 
to  the  earth,  and  touched  it  with  their  tops.  This  is  mentioned  as  a 
well-known  fact  by  Dolomieu ;  and  he  assures  us  that  he  was  always 
on  his  guard  against  the  spirit  of  exaggeration  in  which  the  vulgar  are 
ever  ready  to  indulge  when  relating  these  wonderful  occurrences. 

It  is  impossible  to  suppose  that  these  waves,  which  are  described  in 
Italy  and  other  regions  of  earthquakes  as  passing  along  the  solid  surface 
of  the  earth  in  a  given  direction  like  a  billow  on  the  sea,  have  any  strict 
analogy  with  the  undulations  of  a  fluid.  They  are  doubtless  the  effects 
of  vibrations,  radiating  from  some  deep-seated  point,  each  of  which  on 
reaching  the  surface  lifts  up  the  ground,  and  then  allows  it  again  to  sub- 
side.   As  the  distance  between  the  source  of  the  subterranean  move* 


•  Proceed.  Roy.  Irish  Acad.  1846,  p.  26. 
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ment  and  the  surface  must  vary  aceording  to  tlie  outline  of  the  coootry, 
10  the  vibratoiy  jar  wiU  reach  diffiBrent  pointe  in  ineeeMion. 

The  Acedemiciaiie  rekte  thst  in  aome  of  tiie  tatim  at  Cdabriadbeli 
were  produced  teenung  to  indkale  a  irUrling  or  forCieoie  mofWMBt 
Thna,  for  example,  two  obeUshs  ( fig.  75 )  placed  at  Ae  eztrenitiM  cf  a 


Fig.  7& 


Sbiilt  io  the  Btonet  of  two  obeiiaks  to  Ut«  Conveot  of  St  Bruno. 


magnificent  facade  in  the  convent  of  S.  Bmno*  in  a  email  town  eaUed 

Stefano  del  Bosco,  were  observ  ed  to  have  undergone  a  movement  of  a 
singular  kind.  The  shock  which  agitajted  the  building  ia  described  as 
having  been  horizootal  and  vorticose.  The  pedestal  of  each  obelisk 
remained  in  its  original  place;  but  the  leparate  atones  above  \ren 
turned  partially  round,  and  removed  Mmetunee  nine  inchea  from  their 
position  without  falling. 

It  has  been  suggested  by  Mr.  Dan^in  tliiit  tliis  kind  of  displacement 
mav  be  dm;  to  a  vibratorv  rather  than  a  whirlirif;  motion  ;  *  and  more 
lately  Mr.  Mallet,  in  the  paper  already  cited,  has  offered  a  very  inge- 
nious solution  of  the  problem.  lie  refers  the  twisting  simply  io  an  elastic 
wave,  which  has  moved  the  pedesUil  forwards  and  back  again,  by  an 
alternate  horizontal  motion  within  narrow  limits,  and  he  has  succeeded 
in  showing  that  a  rectilinear  coremcnt  in  the  ground  may  have  sufficed 
to  cause  an  moumbent  body  to  turn  partially  round  upon  its  bed,  pro- 
vided a  certain  rdation  eiiat  between  the  position  of  the  centre  of  gimtty 
of  the  body  and  ita  centra  of  adherenccf 

I  ahall  now  consider,  m  the  fiist  phusor  that.dsss  of  physiesl  chioges 
produced  by  the  earthquake  which  are  connected  with  alteiationi  ia  tbs 
rehitive  levdof  the  different  parts  of  the  land ;  and  afterwards  deicribe 
those  which  are  more  immediately  connected  with  the  derangement  U 
therqpilar  drainage  of  the  country,  and  where.the  force  of  runoing  water 
co-operated  with  that  of  the  earthquake. 

JhficuUy  {if  aaeerlammg  thomga  €f  UnkL — Inregard  to  altemticosoC 

*  Journal  of  a  Naturalist,  p.  876,  and  ii.  ib.  308. 
'  t  Proeeedings  Roy.  liriih  Aesd.  1846,  pp.  14-1«. 
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relative  level,  none  of  the  accounts  establish  that  they  were  on  a  con- 
siderable scale ;  but  it  must  always  be  remembered  that,  in  proportion 
to  the  area  moved  is  the  diflSculty  of  proving  that  the  general  level  has 
undergone  any  change,  unless  the  sea-coast  liappens  to  have  participated 
in  the  principal  movement.  Even  then  it  is  often  impossible  to  deter- 
mine whether  an  elevation  or  depression  even  of  several  feet  has  occurred, 
because  there  is  nothing  to  attract  notice  in  a  band  of  shingle  and  sand 
of  unequal  breadth  above  the  level  of  the  sea  running  parallel  to  a  coast; 
8uch  bands  generally  marking  the  point  reached  by  the  waves  during 
spring  tides,  or  the  most  violent  tempests.  The  scientific  investigatoi 
has  not  suflScient  topographical  knowledge  to  discover  whether  the  ex- 
tent of  beach  has  diminished  or  increased ;  and  he  who  has  the  necessary 
local  information,  scarcely  ever  feels  any  interest  in  ascertaining  tht 
amount  of  the  rise  or  fall  of  the  ground.  Add  to  this  the  great  diffi- 
culty of  making  correct  observations,  in  consequence  of  the  enormous 
waves  which  roll  in  upon  a  coast  during  an  earthquake,  and  efface  every 
landmark  near  the  shore. 

Subsidence  of  the  quay  at  Messinn. — It  is  e\'idently  in  seaports  alone 
that  we  can  look  for  verj'  accurate  indications  of  slight  changes  of  level ; 
and  when  we  find  them,  we  may  presume  that  they  would  not  be  rare 
at  other  points,  if  equal  facilities  of  comparing  relative  altitudes  were 
afibrded.  Grimaldi  states  (and  his  account  is  confirmed  by  Hamilton  and 
others),  that  at  Messina,  in  Sicily,  the  shore  was  rent ;  and  the  soil  along 
the  port,  which  before  the  shock  was  perfectly  level,  was  found  afterwards 
to  be  inclined  towards  the  sea, — the  sea  itself  near  the  "  Banchina"  be- 
coming deeper,  and  its  bottom  in  several  places  disordered.  The  quay 
also  sunk  down  about  fourteen  inches  below  the  level  of  the  sea,  and  the 
bouses  in  its  vicinity  were  much  fissured.    {Phil.  Trans.  1783.) 

Among  various  proofs  of  partial  elevation  and  depression  in  the  inte- 
rior, the  Academicians  mention,  in  their  Survey,  that  the  ground  was 
sometimes  on  the  same  level  on  both  sides  of  new  ravines  and  fissures, 
but  sometimes  there  had  been  a  considerable  shifting,  either  by  the  up- 
heaving of  one  side,  or  the  subsidence  of  the  other.  Thus,  on  the  sides 
of  long  rents  in  the  territorj'  of  Soriano,  the  stratified  masses  had  altei-ed 
their  relative  position  to  the  extent  of  from  eight  to  fourteen  palms  (six 
to  ten  and  a  half  feet). 

Polistena. — Similar  shifts  in  the  strata  are  alluded  to  in  the  territory 
of  Polistena,  where  there  appeared  innumerable  fissures  in  the  earth. 
One  of  these  was  of  great  length  and  depth ;  and  in  parts  the  level  of 
the  corresponding  sides  was  greatly  changed.    (See  fig.  70.) 

Terranuova. — In  the  town  of  Termnuova  some  houses  were  seen  up- 
lifted above  the  common  level,  and  others  adjoining  sunk  down  into  the  - 
earth.  In  several  streets  the  soil  apj)eared  thrust  up,  and  abutted 
against  the  walls  of  houses :  a  large  circular  tower  of  solid  masonr)', 
part  of  which  had  withstood  the  general  destruction,  was  divided  by  a 
vertical  rent,  and  one  side  was  upraised,  and  the  foundations  heaved  out 
of  the  ground.    It  was  compared  by  the  Academicians  to  a  great  tooth' 


Digitized  by  Google 


478 


PIARTRQUAKK  IN  CAI.ADRIA,  17S3. 


[Cu.  xxvin 


;)oop  llssure.  near  INdistona,  caused  by  the  eartbqn.ake  of  17S3. 

half  extracted  from  the  alveolus,  with  the  tipper  part  of  the  fangs  ex- 
posed.   (See  lig.  77.) 

Along  the  line  of  this  shift,  or  "  fault,"  as  it  would  he  termed  techni- 
cally by  miners,  the  walls  were  found  to  adhere  lirmly  to  each  other,  and 
to  tit  so  well,  that  the  only  signs  of  their  having  been  disunited  was  the 
want  of  correspondence  in  the  courses  of  stone  on  either  side  of  the  rent. 


Shift  or  "fiiuir  in  the  BoanJ  Tower  ofTdmnnnrfi  la  Calabria,  occasioned  by  tho  eartbqailkcof 

Dolomieu  saw  a  stone  well  in  the  convent  of  the  Auirustins  at  Terra- 
nuova,  which  had  the  appearance  of  having  been  driven  out  of  the  earth. 
It  resembled  a  small  tower  e'v^ht  or  nine  feet  in  height,  and  a  little  in- 
clined.  This  effect,  he  says,  was  produced  by  the  consolidation  and 
consequent  sinking  of  the  sandy  soil  in  which  the  well  was  dug. 
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In  Bome  waUs  whicli  had  been  thrown  down,  or  violently  shaken,  m 
Mooleleoiie,  the  separate  atones  were  parted  from  the  mortar,  so  as  to 
leave  an  exact  mould  where  thej  had  rested ;  whereas  in  other  cases 
(be  mortar  was  ground  to  dust  between  the  stones. 

It  i4>pears  that  the  wRTe-like  motkHW  often  produced  effects  of  the 
most  capricious  Und.  Thus,  in  some  streets  of  Montelconc,  every  house 
was  thrown  ddfm  but  one ;  in  others,  all  but  two  ;  and  the  buildings 
which  were  spared  were  often  scarcely  in  the  least  degree  injured.  In 
many  cities  of  Calabria,  all  the  most  solid  buildings  were  thrown  down, 
while  those  which  were  slightly  built  escaped ;  but  at  Rosarno,  as  also 
at  Messina  in  Sicily,  it  was  precisely  the  reverse,  the  massive  edifices 
being  the  only  ones  that  stood. 

Fissures. — It  appears  evident  tliat  a  great  part  of  tlic  rending  and 
fissuring  of  the  ground  was  tlie  effect  of  a  violent  motion  from  below 
upwards :  and  in  a  multitude  of  cases  where  llie  rents  and  chasms 
opened  and  closed  alternately,  w*;  must  suppose  that  the  earth  was  by 
turns  heaved  up,  and  then  let  f;ill  again.*  We  may  conceive  the  same 
effect  to  be  produced  on  a  small  scale,  if,  by  some  mechanical  force,  a 
pavement  composed  of  large  flags  of  stone  should  be  raised  up,  and 
then  allowed  to  fall  suddenly,  so  as  to  resume  its  origmal  position.  If 
any  small  pebbles  happened  to  be  lying  on  the  line  of  contact  of  two 
flaga,  they  would  fall  into  the  opening  when  the  pavement  rose,  and  be 
swallowed  up,  so  that  no  trace  of  them  would  appear  after  the  subai- 
deace  of  the  stones.  In  the  same  manner,  when  the  earth  was  up- 
heaved, large  houses,  trees,  cattle,  and  men  were  engulfed  in  an  instant 
in  chasms  and  fissures ;  and  when  the  ground  sank  down  again,  the 
earth  closed  upon  them,  so  that  no  vestige  of  them  was  discoverable 
00  the  surfat  e.  In  many  instances,  individuals  were  swallowed  up  by 
one  shock,  and  then  thrown  out  again  alive,  together  with  large  jets  of 
water,  by  the  shock  which  immediately  succeeded. 


Fig.  7S. 


*  See  Mr.  Mallet'*  attempt  to  coatrovert  this  view,  p.  82  ibid 
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At  Jerooanie,  a  coimtty  which,  aceording  to  the  Aisadenuoaiifl*  hm 
hetmied  in  a  most  extraotdiiuuy  manner,  thefimiires 
tton^  '*  like  cniekB  on  a  hroken  pane  of  gbss"  (see  fig.  78) ;  aiid  as  a 

great  portion  of  them  remained  open  after  the  shocks,  it  is  very  posnble 
that  this  country  was  permanently  apiaised.  It  was  usual,  as  we  learn 
from  Dolomieu,  for  the  chasms  and  fissures  throughout  Calabria,  to  ran 
parallel  to  the  course  of  some  pre-existing  gorges  in  thau^neighborhood. 

Houses  engulfed. — In  the  vicinity  of  Oppido,  the  central  point  from 
which  the  earthquake  diffused  its  violent  movements,  many  houses  weir 
swallowed  up  by  the  yawning  earth,  which  clewed  immediately  over 
them.  In  the  adjacent  district,  also,  of  Cannamaria  four  farm-liouses. 
several  oil-stores,  and  some  ispacious  dwellin|n^-houses  were  so  completdy 
engulfed  in  one  chasm,  that  not  a  vestige  of  them  was  afterwards  dis- 
cernible. The  same  phenomena  occurred  at  Terranuova,  S.  Christina, 
and  Sinopoli.  The  Academicians  state  particularly,  that  when  deep 
abysses  hud  opened  m  tlie  argillaceous  strata  of  Terranuova,  and  houses 
had  sunk  into  them,  the  sides  of  the  chasms  cloaed  with  such  violence, 
that»  on  ezeaTating  afterwards  to  reeover  artidea  of  valuer  the  wotkmoi 
found  the  contents  and  detached  parts  of  the  buildings  jammed  together 
40  as  to  heeome  one  compact  mass.  It  Is  unnecessary  to  aoeumalate  et* 
amples  of  sinlilar  occurrences ;  hut  so  many  are  well  authenticated  daring 
this  earthquake  in  Calabria,  that  we  may,  without  hesitation,  yield  asient 
to  the  accounts  of  catastrophes  of  the  same  kbd  repeated  again  and 
again  in  htstoiy,  where  whole  towns  are  declared  to  have  been  eognlfed, 
and  nothing  but  a  pool  of  water  or  tract  of  sand  left  in  their  place. 

Chasm  formed  near  Ogqndo, — On  the  sloping  side  of  a  hill  near 
Opptdo  a  great  chasm  opened  ;  and,  although  a  laige  quantity  of  soil 
was  precipitated  into  the  abyss,  together  with  a  conaderable  number 
of  t)live-trees  and  part  of  a  vineyard,  a  rrreat  gulf  remained  after  the 
{ihock,  in  the  form  of  an  amphitheatre,  600  feet  long  and  200  feet  deej>. 
(See  fig.  79.) 

Fip.  70. 


Cbatm  fbrmed  by  the  eart>u|r.ukt>  uf  \'fyX  in  ar  I'j'iiiUu  iu  Cahh 
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Dimensions  of  new  fissures  and  chasms. — According  to  Grimaldi, 
many  fissures  and  chasms,  formed  by  the  first  shock  of  February  5th, 
were  greatly  widened,  lengthened,  and  deepened  by  the  violent  convul- 
sions of  March  28th.  In  the  territory  of  San  Fili  this  observer  found  a 
new  ravine,  half  a  mile  in  length,  two  feet  and  a  half  broad,  and  twenty- 
five  feet  deep  ;  and  another  of  similar  dimensions  in  the  territory  of 
Rosamo.  A  ravine  nearly  a  mile  long,  105  feet  broad  and  thirty  feel 
deep,  opened  in  the  district  of  Plaisano,  where,  also,  two  gulfs  were 
caused— one  in  a  place  called  Cerzulle,  three-quarters  of  a  mile  long, 
150  feet  broad,  and  above  one  hundred  feet  deep  ;  and  another  at  La 
Fortuna,  nearly  a  quarter  of  a  mile  long,  above  thirty  feet  in  breadth, 
and  no  less  than  225  feet  deep. 

In  the  district  of  Fosolano  three  gulfs  opened  :  one  of  these  meas- 
ured 300  feet  square,  and  above  thirty  feet  deep ;  another  was  nearly 
half  a  mile  long,  fifteen  feet  broad,  and  above  thirty-feet  deep  ;  the 
third  was  750  feet  square.  Lastly,  a  calcareous  mountain,  called 
Zefirio,  at  the  southern  extremity  of  the  Italian  peninsula,  was  cleft  in 
two  for  the  length  of  nearly  half  a  mile,  and  an  irregular  breadth  of 
many  feet.  Some  of  these  chasms  were  in  the  form  of  a  crescent. 
The  annexed  cut  (fig.  80)  represents  one  by  no  means  remarkable  for 

Fig.  80. 


Chaem  in  tb«  hHi  ot  nt.  Angclo,  near  :?urijuti,  io  Caiabrio,  caiued  by  the  «artliquaka  of 

its  dimensions,  which  remained  open  by  the  side  of  a  small  pass  over 
the  hill  of  St.  Angelo,  near  Soriano.  The  small  river  Mesima  is  seen 
b  the  foretrround. 

Formation  of  circular  hollows  and  new  lakes. — In  the  report  of  the 
Academy,  we  find  that  some  plains  were  covered  with  circular  hollows, 
for  the  most  part  about  the  size  of  carriage- wheels,  but  often  somewhat 
larger  or  smaller.  When  filled  wiih  water  to  within  a  foot  or  two  of 
the  surface,  they  appeared  like  wells  ;  but,  in  general,  they  were  filled 
with  dry  sand,  sometimes  with  a  concave  surface,  and  at  other  times 
coQTex.  (See  fig.  81.)  On  digging  down,  they  found  them  to  be  funnel- 
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Fig.8U 


Circular  hollows  in  tho  plain  of  Uo»arn<i,  formeil  by  tlie  earlbquake  of  17S91 


fchaped,  and  the  moist  loose  sand  in  the  centre  marked  the  tube  up 
which  the  water  spouted.  The  annexed  cut  (fig.  82)  represents  a  sec- 
tion of  one  of  these  inverted  cones  when  tlie  water  liad  disappeared,  and 
Dotliing  but  dry  micaceous  sand  remained. 


Fig:  82: 


Pectlou  of  ono  of  the  circular  liullows  furuied  in  tho  plain  of  Rourno. 

X  small  circular  pond  of  similar  character  was  formed  not  far  from 
Folistena  (see  fig.  83)  ;  and  in  the  vicinity  of  Seminara,  a  lake  was  sud- 
denly caused  by  the  opening  of  a  great  chasm,  from  the  bottom  of  which 
water  issued.  This  lake  was  called  Lago  del  Tolfilo.  It  extended  1785 
feet  in  length,  by  937  in  breadth,  and  52  in  depth.  The  inhabiUnts, 
dreading  the  mijisma  of  this  stagnant  pool,  endeavored,  at  great  cost,  to 
drain  it  by  canals,* but  without  success,  as  it  was  fed  by  springs  issuing 
from  the  bottom  of  the  deep  chasm. 

Vivenzio  states,  that  near  Sitizzano  a  valley  was  near'  *  to  a 
level  with  the  high  grounds  on  each  side,  by  the  e 
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tached  from  the  boundary  hills,  and  cast  down  into  the  course  of  two 
streams.  By  this  barrier  a  lake  was  formed  of  great  depth,  about  two 
miles  long  and  a  mile  broad.  The  same  author  mentions  that,  upon  the 
whole,  there  were  fiftv  lakes  occasioned  durinf;  the  convulsions :  and  he 
assigns  localities  to  all  of  these.  The  governlnent  surveyors  enumerated 
215  lakes  ;  but  they  included  in  this  number  many  small  ponds. 

Cones  of  sand  throim  up. — Many  of  the  appearances  exhibited  in  the 
alluvial  plains,  such  as  springs  spouting  up  their  water  like  fountains  at 
the  moment  of  the  shock,  have  been  supposed  to  indicate  the  alternate 
rising  and  sinking  of  the  ground.  The  first  effect  of  the  more  violent 
shocks  was  usually  to  dry  up  the  rivers,  but  they  immediately  afterwards 
overflowed  their  banks.  In  marshy  places,  an  immense  number  of  cones 
of  sand  were  thrown  up.  Those  appearances  Hamilton  explains,  by 
supposing  that  the  first  movement  raised  the  fissured  plain  from  below 
upwards,  so  that  the  rivers  and  stagnant  waters  in  bogs  sank  down,  or 
at  least  were  not  upraised  with  the  soil.  But  when  the  ground  returned  . 
with  mlence  to  its  former  position,  the  water  was  thrown  up  in  jets 
through  fissures.* 

Tlie  phenomenon,  according  to  Mr.  Mallet,  may  be  simply  an  accident 
contingent  on  the  principal  cause  of  disturbance,  the  rapid  transit  of  the 
earth-wave.  "  The  sources,"  he  says,  "  of  copious  springs  usually  lie  in 
flat  plates  or  fissures  filled  with  water,  whether  issuing  from  solid  rock, 
or  from  loose  materials ;  now,  if  a  vein,  or  thin  flat  cavity  filled  with 
water,  be  in  such  a  position  that  the  plane  of  the  plate  of  water  or  fis- 
sure be  transverse  to  the  line  of  transit  of  the  earth-wave,  the  effect  of 
the  arrival  of  the  earth-wave  at  the  watery  fissure  will  be,  at  the  instant, 
to  compress  its  walls  more  or  less  together,  and  so  squeeze  out  the  water, 
which  will,  for  a  moment,  gush  up  at  the  spring-head,  like  a  fountain,  and 

^     again  remain  in  rejx  .-t;  after  the  transit  of  the  wave." 

^^^^^hradual  closing  in  of  fissures. — Sir  W.  Hamilton  was  shown  several 

r 


♦  Phil.  Trans,  vol.  bwiii.  p.  180. 
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deep  fissures  In  ihe  vicinity  of  Mfleto^  which,  elthongh  not  one  o£  them 
was  above  a  foot  m  breadUi,  had  opened  to  wide  during  the  euthqnake 
as  to  swallow  an  ox  and  nearly  one  hundred  goats.  The  Academiciani» 
also  found,  on  their  return  through  lUstricts  which  they  had  passed  at 
the  commencement  of  their  toor,  that  many  rents  had,  in  that  short 
intenral,  gradually  closed  in,  so  that  their  width  had  diminished  seretal 
feet,  and  the  opposite  ivalls  had  sometimes  nearly  met  It  is  natural 
that  this  should  happen  in  aigiilaeeous  strata^  whiles  in  more  solid  rocks, 
we  may  expect  tliat  fissures  will  remain  open  for  ao^e>;.  Should  this  be 
ascertained  to  be  a  general  fact  in  countries  convulsed  by  earthquakes, 
it  may  afford  a  satisfactory  explanation  of  a  common  phenomenon  in 
mineral  veins.  Such  veins  often  retain  their  full  size  so  long  as  tlie  rocks 
consist  of  limestone,  !;'ranite,  or  other  indurated  materials  ;  but  they  con- 
tract their  dimensions,  become  mere  threads,  or  are  even  entirely  cut  otT, 
wliere  masses  of  an  argillaceous  nature  are  interposed.  If  ve  suppu^sc 
the  tilling  up  of  fissures  w  ith  metallic  and  other  ingredients  tu  be  a  pro- 
cess requirinj^  ages  for  its  completion,  it  is  obvious  that  the  opposite  walls 
of  I'tnts,  where  strata  consist  of  yielding  materials,  must  collapse  or 
approach  very  near  to  each  othw  before  sufficient  time  is  allowed  for  the 
accretion  of  a  large  quantity  of  mnstone. 

Tkermal  wien  auffmenied. — It  is  stated  hy  Orimaldi,  that  the  ther^ 
mal  waters  of  8t  Eufemia,  in  Terra  di  Amato,  which  first  hurst  out  dur- 
ing the  earthquake  of  1088,  acquired,  in  February,  1769,  an  augmen- 
tation both  in  quantity  and  degree  of  heat  This  faet  appears  to  indicate 
a  connection  between  the  heat  of  the  interior  and  the  fissures  caused  by 
the  Calabrian  earthquakes,  notwithstanding  the  absence  of  volcanic  rocka, 
either  ancient  or  modem,  in  that  district. 

Bounding  ofdeUschid  mana  into  ike  'r — The  violence  of  the  move- 
ment of  the  ground  upwards  was  singularly  illustrated  by  what  the 
Academicians  call  the  "  sbalzo,"  or  bounding  into  the  air,  to  the  height 
of  several  vards,  of  masses  slii^htly  adherinpr  to  the  surface.  In  some 
towns  a  great  part  of  the  pavement  stones  were  thrown  up,  and  found 
Iving  with  their  lower  sides  uppermost.  In  these  cases,  we  must  sup- 
pose tliat  they  were  propelled  upwards  bv  the  momentum  which  they 
had  acquired  ;  and  that  the  adhesion  of  one  end  of  the  mass  being  greater 
than  that  of  the  other,  a  rotatory  motion  had  been  communicated  to  them. 
When  the  stone  was  projected  to  a  sufhcient  height  to  perform  some- 
wliJit  more  than  a  quarter  of  a  revolution  in  the  air,  it  pitched  down  on 
its  edge,  and  fell  with  its  lower  side  uppermost 

Effectt  earthquaket  on  (kt  exeavaHims  of  vaU^s.— The  next  dan 
of  effects  to  be  considered,  are  those  more  immediately  connected  witb 
the  formation  of  valleys,  in  which  the  action  of  water  was  often  combined 
with  that  of  the  earthquake.  The  oountiy  agitated  was  composed,  <s 
before  stated,  chiefly  of  ai^llaceons  strata,  mtersected  by  deep  narrow 
valleys,  sometimes  from  500  to  fiOO  feet  deep.  As  the  boundary  tlifis 
were  in  great  part  vertical,  it  will  readily  be  conceived  that,  amidsv  the 
various  movements  of  the  earth,  the  precipice overbangpgnverB,  being 
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without  support  on  one  side,  were  often  thrown  dov? n.  We  find,  indeed, 
that  inimdaiions  produced  by  obstructions  in  river-courses  arc  among 
the  most  disastrous  consequences  of  great  earili(|uakes  in  all  parts  of  the 
world,  for  the  alluvial  plains  in  the  bottoms  of  valleys  are  usually  the 
most  fertile  and  well-peopled  parts  of  the  whole  eooatry ;  and  whether 
the  ttte  of  a  town  b  above  or  below  a  temporary  hairier  in  the  channe? 
of  a  river,  it  is  exposed  to  injury  by  the  waters  either  of  a  hike  or  flood. 

LuMip»,-^From  each  side  of  the  deep  valley  or  ravine  of  Terra- 
Buova  enormous  masses  of  the  adjoinmg  flat  eowitry  were  detached,  and 
<sst  down  into  the  course  of  the  river,  so  as  to  give  rise  to  gr^at  lakes. 
Osb,  dive-trees,  vfnejards,  and  corn,  wete  often  seen  growing  at  the 
bottom  of  the  ravine,  as  little  iojnred  as  their  former  companions,  which 
tliU  eootinned  to  flourish  m  the  plain  above,  at  least  500  feet  higher, 
lad  at  the  distance  of  about  three-quarters  of  a  mile.  In  one  part  of 
tiu  mvine  wns  an  enormous  mass,  200  feet  high  and  about  400  feet  at 
its  base,  which  had  been  detached  by  some  former  earthquake.  It  i& 
well  attested,  that  this  mass  travelled  down  the  ra%nne  nearly  four  miles, 
bann^  been  put  in  motion  by  the  eartli((uake  of  the  rAh  of  February. 
Hamilton,  after  ex^iining  the  spot,  declared  that  this  phenomenon 
misfht  he  accounted  for  by  the  declivity  of  the  valley,  the  great  abun- 
dnnce  uf  rain  which  fell,  and  the  irrvnt  weiirbt  of  the  alluvia!  matter 
which  pressed  behind  it.  Dolomieu  also  alludes  to  the  fresh  impulse 
derived  from  other  masses  falUng,  and  pressing  upon  the  rear  of  those 
first  set  in  motion. 

The  first  account  sent  to  Naples  of  the  two  great  slides  or  landslips 
above  alluded  to,  which  caused  a  great  lake  near  Terranuova,  was 
eooebed  in  these  words : — "  Two  mountains  on  the  opposite  sides  of  a 
Tslley-  walked  from  their  original  position  until  they  met  in  the  middle 
of  the  plain,  and  there  joining  together,  they  intercepted  the  course  of 
a  river,"  Ac.  The  eipressions  here  vsed  resemble  singulariy  those 
applied  to  phenomena,  probably  very  analogous,  which  are  said  to  have 
oeemred  at  Fes,  di|ring  the  great  Lisbon  earthquake,  aa  also  in  Jamaica 
sad  Java  at  other  periods. 

Not  fir  from  Soriano,  which  was  levelled  to  the  ground  by  the  great 
shock  of  February,  a  small  valley,  containing  a  beautiful  olive-grove, 
called  Fra  Ramondo,  underwent  a  most  extiaordinar)'  revolution.  In* 
numerablf-  fi  sures  first  traversed  the  river-plain  in  all  directions,  and 
absorbed  the  water  until  the  argillaceous  substratum  became  soaked,  so 
that  a  great  part  of  it  was  reduced  to  a  state  of  fluid  piste.  Stranf^e 
alterations  in  the  outline  of  the  ground  were  the  consequence,  as  the 
ioil  to  a  gn-at  d^pth  was  ensilv  moulded  into  any  form.  In  addition  (o 
this  change,  the  ruins  of  the  n«'iL,'hborin!j^  hills  w*  precipitated  into 
the  hollow  ;  and  whiit;  manv  oliv<'S  wt're  ut  rM  it  -d,  others  remain^^d 
growing  on  the  fallen  mas^-s.  and  inclined  at  various  angles  (sec  fig.  84). 
The  small  river  Caridi  was  *'ntirely  concealed  for  many  days;  and  when 
at  length  it  reappeared,  it  had  shaped  for  ili^elf  an  entirely  new  channel. 

BuUdmgt  trvntporUd  entire  to  great  distances. — Near  Seminara  an 
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Chiinget  of  th«  larface  at  Fra  Itainondo,  near  Soriano,^  CalabrU. 

1,  Portion  of  a  hill  corcred  with  olives  thrown  down. 

2,  Kew  bed  of  tbc  river  Caridi.  8,  Town  of  Soriuo. 


extensive  olive-p^round  and  orchrird  were  hurled  to  a  distance  of  two 
hundred  feet,  into  a  valley  sixty  feet  in  depth.  At  the  same  tiroe  a 
deep  chasm  was  riven  in  another  part  of  the  hij^h  platform  from  which 
the  orchard  had  been  detached,  and  the  river  immediately  entered  the 
fissure,  leaving  its  former  bed  completely  dry.  A  small  inhabited 
house,  standing  on  the  mass  of  earth  carried  down  into  the  valley,  went 
along  with  it  entire,  and  without  injury  to  the  inhabitants.  The  olive- 
trees,  also,  continued  to  grow  on  the  land  which  had  slid  into  the  valley, 
and  bore  the  same  year  an  abundant  crop  of  fruit. 

Two  tracts  of  land  on  which  a  great  part  of  the  town  of  Polistena 
stood,  consisting  of  some  hundreds  of  houses,  were  detached  into  a  con- 
tiguous ravine,  and  nearly  across  it,  about  half  a  mile  from  their  original 
site  ;  and  what  is  most  extraordinar)',  several  of  the  inhabitants  were 
dug  out  from  the  ruins  alive  and  unhurt. 

Two  tenements,  near  Mileto,  called  the  Macini  and  Vaticano,  occu- 
pying an  extent  of  ground  about  a  mile  long  and  half  a  mile  broad, 
were  carried  for  a  mile  down  a  vall«y.    A  thatched  cottage,  together 
with  large  olive  and  mulberry  trees,  most  of  which  remained  erect,  were 
carried  uninjured  to  this  extraordinary  distance.    According  to  Hamil- 
ton, the  surface  removed  had  been  long  undermined  by  rivulets,  which 
were  afterwards  in  full  view  on  the  bare  spot  deserted  by  the  tenements. 
The  earthquake  seems  to  have  opened  a  passage  in  the  adjoining  argil- 
laceous hills,  which  admitted  water  charged  with  loose  soil  into  the 
subterranean  channels  of  the  rivulets  immediately  under  the  tenements, 
SO  that  the  foundations  of  the  ground  set  in  motion  by  the  earthquake 
were  loosened.    Another  example  of  subsidence,  where  the  edifices 
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were  not  destroyed,  is  mentioned  by  Grimaldi,  as  having  taken  place  in 
the  city  of  Catanzaro,  the  capitiU  of  the  province  of  that  name.  The 
houses  in  the  quarter  called  San  Giuseppe  subsided  with  the  ground  to 
rarious  depths  from  two  to  four  feet,  but  the  buildings  remiiined  unin- 
jured. 

It  would  be  tedious,  and  our  space  would  not  permit  us,  to  follow  the 
different  authors  through  their  local  details  of  landslips  produced  in 
minor  valleys ;  but  they  are  highly  interesting,  as  showing  to  how  great 
an  extent  the  power  of  rivers  to  widen  valleys,  and  to  carry  away  large 
portions  of  soil  towards  the  sea,  is  increased  where  earthquakes  arc  of 
periodical  occurrence.  Among  other  territories,  that  of  Cinquefrondi, 
was  greatly  convulsed,  various  portions  of  soil  being  raised  or  sunk,  and 
innumerable  fissures  traversing  the  country  in  all  directions  (see  fig.  85). 

Fig.  85. 


Lan<l«Ui»s  near  Cinqutfroiuli,  cnuicd  ly  Iho  cartluimiJ.c  of  ITsJ. 

Along  the  flanks  of  a  small  valley  in  this  district  there  appears  to  have 
been  an  almost  uninterrupted  line  of  landslips. 

Currents  of  mud. — Near  S.  Lucido,  among  other  places,  the  soil  is 
described  as  havin;;  been  "  dissolved,"  so  that  large  torrents  of  niud  in- 
undated  all  the  low  grounds,  like  lava.  Just  emerging  from  this  mud, 
the  tops  only  of  trees  and  of  the  ruins  of  farm-houses  were  seen.  Two 
miles  from  Laureann.  the  swampy  soil  in  two  ravines  became  filled  with 
calcareous  matter,  which  oozed  out  from  the  ground  immediately  before 
the  first  great  shock.  This  mud,  rapidly  accumulating,  began,  ere  long, 
to  roll  onward,  like  a  flood  of  lava,  into  the  valley,  where  the  two  streams 
uniting,  moved  forward  with  increased  impetus  from  east  to  west.  It 
now  presented  a  breadth  of  225  feet  by  15  in  depth,  and,  before  it  ceased 
to  move,  covered  a  surface  equal  in  length  to  an  Italian  mile.  In  its 
progress  it  overwhelmed  a  flock  of  thirty  goats,  and  tore  up  by  the  roots 
many  oUve  and  mulberry  trees,  which  floated  like  ships  upon  its  surface. 
When  this  calcareous  lava  had  ceased  to  move,  it  gradually  became  dry 
bard,  during  which  process  the  mass  was  lowered  seven  feet  and  a 
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half.  It  coutiincd  fragments  of  earth  of  a  ferruginous  color,  and  emit- 
ting a  sulphureous  smell. 

«f  ihi  mm<liffa. — Along  the  Ma-coast  of  the  Straits  of  Measioa. 
near  tbe  celebrated  rock  of  Scilla,  the  fall  of  huge  masses  detached  liraai 
the  bold  and  lofty  clifis  overwhelmed  many  villas  and  gardens.  At  Oian 
Greeo»  a  ooatinuous  line  of  cliif,  for  a  mile  m  length,  was  thrown  down. 
Great  agitation  was  frequently  observed  in  the  bed  of  the  aea  dnriag 
the  shocks,  and,  on  those  parts  of  the  coast  where  the  movement  was 
most  violent,  all  kinds  of  fish  were  taken  ii^  abundance,  and  with  umtual 
iadlity.  Some  rare  species,  as  that  called  Gidrelli,  which  uaoaByfie 
buried  in  tbe  sand,  were  taken  on  the  surface  of  the  waters  in  great 
quantity.  The  sea  is  said  to  have  boiled  up  near  Messina,  and  to  hate 
been  agitated  as  if  by  a  copious  discharge  of  vapors  from  Is  bottom. 

Shore  near  Scilla  inundated. — The  prince  of  Scilla  had  persuaded  a 
great  piirt  of  his  vas5:n1s  to  betake  tlH-msclve^?  to  their  fishincr  }>Aats  for 
safety,  and  lie  Inmselt"  had  (umxq.  on  board  On  the  night  ol  the  5th  of 
February,  when  some  of  the  people  were  sleeping  in  the  boats,  and  others 
on  a  level  phun  slightly  cle^atL'd  above  the  seji,  the  earth  rocked,  and 
suddenly  a  great  mass  was  torn  from  the  contic^uous  Mount  Jaci,  and 
thrown  down  with  a  dreadful  ciash  upon  the  plain.  Immediately  after- 
wards, the  sea,  risinjj  more  than  twenty  feet  above  the  level  of  this  low 
tract,  rolled  foaming  over  it,  and  swept  away  the  multitude.  It  then 
retreated,  but  soon  rushed  back  again  with  greater  violence,  bringing 
with  it  some  of  the  people  and  animals  it  had  carried  away.  At  the  same 
time  every  boat  was  sunk  or  dashed  against  the  beach,  and  some  of  then 
were  swept  far  ihland.  The  aged  princei  with  1480  of  his  people,  was 
destroyed. 

8taU  <f  Siramboli  and  Etna  during  the  aAoeib The  inhabitants  of 
Pisao  remarked  that  on  the  6th  of  February,  1788,  when  the  first  great 
shock  afflicted  Calabria,  tbe  volcano  of  Stromboli,  which  is  in  full  view 
of  that  town,  and  at  the  distance  of  about  fifty  miles,  smoked  less,  and 
threw  up  a  less  quantity  of  inflamed  matter  than  it  had  done  for  some 
years  previously.  On  the  other  hand,  the  great  crater  of  Etna  is  said 
to  haviB  given  out  a  considerable  quantity  of  vapor  towards  tbe  begin- 
ning, and  Stromboli  towards  the  close,  of  the  commotion?.  Hut  as  no 
eruption  happened  from  either  of  these  o^eat  vents  during  the  whole 
earthquake,  tlie  sources  of  the  Calabrian  convulsions,  and  ol"  the  volcanic 
fires  of  Etna  and  Stromboli,  appear  to  be  very  independent  of  cnch  other: 
unless,'  indeed,  they  have  the  same  mutunl  relation  as  Vesuvius  and  the 
volcanoes  of  the  Phlegra'an  Fields  and  Is.  hia,  a  violent  disturbance  in 
one  district  serving  as  a  sid"ety- valve  to  the  other,  and  both  never  being 
in  lull  activity  at  once. 

Excavation  of  valleys. — It  is  impossible  for  the  geologist  to  consider 
attentively  the  effect  of  this  single  earthquake  of  1788,  and  to  look  for^ 
ward  to  the  alterations  in  the  physical  conditkm  of  the  country  to  which 
a  continued  aeries  of  such  movements  will  hereafter  give  ris^  without 
perceiving  that  the  fomution  of  valleys  by  running  water  can  never  be 
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understood,  if  we  consider  the  question  independently  of  the  :igency  of 
earthquakes,  li  mubt  not  be  imagined  that  rivei"s  only  begin  to  act  when 
a  country  h  already  elevated  far  above  the  level  of  the  sea,  for  their 
aolioci  must  of  necessity  be  most  powerful  while  bnd  is  ritinp  and  nnk 
ing  by  saceesHYe  movemeniB.  Whether  Calabria  is  now  mdergohig 
say  considerable  ehangeof  relative  level,  in  regard  to  the  eea»or  is,  upon 
the  whole,  nearly  stationary,  b  a  question  which  ouf  obeervations,  oon- 
lioed  almost  entirely  to  the  last  half  century,  cannot  possibly  enable  xat 
to  detmrmine.  But  we  know  that  stmta»  containing  ^tecies  of  sbellr 
identical  with  those  now  living  in  the  contiguous  parts  of  the  Mediter 
ranean,  have  been  raised  in  that  country,  as  they  have  in  Sicily,  to  thr 
bcigbt  of  several  thousand  feet. 

Now,  those  geologists  who  grant  that  the  present  course  of  Nature 
in  the  inanimate  world  has  continued  the  same  since  the  existing  species 
of  animals  were  in  being,  will  not  feel  surprised  that  the  Calabrian  streams 
and  rivers  have  cut  out  of  such  compnrntivclv  modern  strat.i  a  jTrent  sys- 
tem of  valley's,  varyinir  in  depth  from  titty  to  six  hundred  feet,  and  ofici 
sevemi  miles  wide,  if  xh^y  ronsider  how  numerous  may  have  been  tht 
shocks  Avhieli  accompanied  the  upliftinn;  of  those  recent  marine  strata  to 
80  protiiijiou.s  a  height.  Some  speculators,  indeed,  who  disren^ard  the 
analogy  of  existing  nature,  and  who  are  always  ready  to  assume  that  her 
forces  were  more  energetic  in  by -gone  ages,  may  dispense  with  a  long 
series  of  movements,  and  suppose  that  Calabria  "  rose  like  un  exhalation" 
from  the  deep,  after  the  manner  of  Milton's  Pandemonium.  But  such 
so  hypothesis  would  deprive  them  of  that  peculiar  removing  fme  re- 
quued  to  form  a  regular  system  of  deep  and  wide  valleys;  for  Htm, 
which  they  are  so  unwilling  to  assume,  is  essential  to  the  operation. 
Time  must  be  allowed  in  the  Intervals  between  distinct  convulnons,  for 
nummg  water  to  clear  away  the  ruins  caused  by  buidsltps,  otherwise  the 
fidlen  maasea  will  serve  as  buttresses,  and  prevent  the  succeeding  earth- 
quake  from  exertmg  its  full  power.  The  sides  of  the  valley  must  be 
sgun  cut  away  by  the  stream,  and  made  to  form  precipices  and  over- 
hanging cliffs,  before  the  next  shock  can  take  effect  in  the  same  manner. 

Possibly  the  direction  of  the  succeeding  shock  may  not  coincide  with 
that  of  the  valley,  a  great  extent  of  adjacent  country  being  equally 
<;haken.  Still  it  will  usually  happen  that  no  permanent  geographical 
channro  will  be  produced  except  in  valleys.  In  them  alone  will  occur 
iandshps  from  the  boundary  cliHs,  and  these  will  frequently  divert  the 
*tn-nm  from  its  acni^tomed  course,  causing  the  original  ravine  to  become 
both  Wider  and  more  tortuous  in  its  direction. 

If  a  bin<;]c  convulsion  of  extreme  violence  should  agitate  at  once  an 
entire  hydrographical  basin,  or  if  the  shocks  should  follow  each  other 
Uxj  rapidly,  the  previously  oxisting  valleys  would  be  annihilated,  instead 
of  being  modified  and  enlaiged.  Every  stream  might  in  that  case  be 
eompelled  to  begin  ita  operationi  anew,  and  to  shape  out  new  channels, 
instead  of  continuing  to  deepen  and  widen  those  already  ezeavmted.  But 
if  the  Bubtermnean  movements  have  been  intennilten^  and  if  suflkient 
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periock  have  alwap  intervoied  between  the  8e?erer  shocks  to  alloir  the 
dramagc  of  the  eountty  to  be  neerlj  restored  to  its  original  slate,  then 
are  both  the  kind  and  degree  of  force  supplied  by  whid^  tunning  water 
may  hollow  ont  valleys  of  sny  depth  or  size  consistent  with  the  elemtkn 
above  the  sea  which  the  districts  dnuned  by  them  may  have  attained. 

When  we  read  of  the  drying  up  and  desertion  of  the  channds  of 
rivers,  the  accounts  most  frequently  refer  to  their  deflection  into  some 
other  pMrt  of  the  same  alluvial  plain,  perhaps  several  miles  dbtant.  Under 
certain  circumstancM  a  change  of  level  may  undoubtedly  force  the  water 
to  flow  over  into  some  distinct  hydrogmphica!  basin  ;  but  rvcn  then  il 
will  fall  immediately  into  some  other  system  of  valleys  already  formed. 

We  loarn  from  history  that,  ever  since  the  first>^Greek  colonists  settled 
in  Cnlfibria,  that  rei^ion  ha-^  Vu"*  n  subject  to  devastation  by  earthquak^>: 
and,  lor  the  last  century  and  a  half,  ten  rears  have  seldom  elapsed  with- 
out a  shock  ;  but  the  severer  convulsinn-  have  not  onlv  been  separated 
by  int<^rvals  of  twenty,  fifty,  or  one  liundred  years,  but  hare  not  affected 
precisely  tlu!  same  puialA  ^vhen  they  recurred,  liius  the  earthquake  of 
178.3,  although  conlincd  "vvilhin  the  same  geographical  limits  as  that  of 
1G38,  and  not  very  inferior  in  violence,  visited,  according  to  Grimaldi, 
very  different  districts.  The  points  wliere  the  local  intensity  of  the 
force  is  developed  being  thus  perpetually  varied,  more  time  is  allowed 
for  the  removal  of  separste  mountain  messes  thrown  into  river>ebaiuiek 
by  each  shock. 

Jfumber  ofpenoiu  who  peritM  during  ike  earthquake, — The  nnmber 
of  persons  who  perished  during  the  earthquake  in  the  two  Calabrisssiid 
8idly,  is  estimated  by  Hamilton  at  about  forty  thoussnd;  and  about 
twenty  thousand  more  died  by  epidemics,  which  were  caused  by  msttf> 
ficient  nourishment,  exposure  to  the  atmosphere,  and  malaria,  ariaiiig 
from  the  new  stagnant  lakes  and  pools.  ^ 

By  far  the  greater  number  were  buried  under  the  ruins  of  their  houses; 
but  many  were  burnt  to  death  in  the  conflagrations  which  almost  in- 
variably followed  the  shocks.  These  fires  raged  the  more  violently  in 
some  cities,  such  as  Oppido,  from  the  immense  magsanes  of  oil  wliiob 
were  consumed. 

Many  persons  -were  entjulfed  in  deep  fissures,  especially  the  peasants 
when  flying  acrobs  the  open  country,  and  their  skeletons  may  perhaps 
be  buried  in  the  earth  to  thi.s  dny,  at  the  depth  of  several  hundred  feet. 

When  Dolomieu  visited  Messina  after  the  shock  ot  Feb,  5th.  lie  de- 
scribes the  city  as  still  presentinj?,  at  least  at  a  distance,  an  jiji|.erfcct 
image  of  its  ancient  splendor.  Kvery  house  was  injured,  but  tl.  u  ilU 
were  standing;  the  whole  population  had  taken  refuge  in  wooden  imt& 
in  the  neighborhood,  and  all  wa$  solitude  and  silence  in  the  streets :  it 
seemed  as  if  the  city  had  been  desolated  by  the  plague,  and  the  impres* 
sion  made  upon  his  feelings  was  that  of  melaneholy  and  sadness.  **  Bnt 
when  I  psssed  over  to  Calabria,  and  first  beheld  Polistena,  the  scene  of 
horror  almost  deprived  me  of  my  faculties;  my  mind  was  filled' with 
mingled  compassion  and  tenor;  nothing  had  escaped;  all  was  levellod 


.  J  ^  d  by  Google 


CaXKYUL]      number  of  PKiiSONS  WHO  PERISHED. 


491 


witli  the  dost ;  not  asiogle  lioiiieor  pieiDeof  iMlremaiiied;  oaall«dee 
were  hmpi  of  stone  so  deetititle  of  fonn,  tW  Ibej  gave  no  oonception 
of  there  ever  having  been  a  town  on  the  spot  The  stench  of  the  dead 
bodies  still  roee  from  the  nuns.  I  convmed  with  many  persons,  who 
had  been  bnned  for  three,  four,  and  even  for  five  days ;  I  questioned 
them  respecting  their  sensations  in  so  dreadful  a  situation,  and  tbej 
agreed  that  of  ill  tl.i  physieal  evils  they  endnred,  thirst  was  the  most 
intolei-able ;  and  that  their  mental  agony  was  increased  by  the  idea  that 
tbey  vrere  abandoned  by  their  friends,  who  night  have  rendered  them 
resistance*."* 

It  is  suppcBed  that  about  a  fourth  part  of  the  inlKil  it  ints  of  ToLsiena 
and  of  some  other  towns,  were  buried  alive,  ami  might  have  been  saved 
had  thfie  been  no  want  of  liands  ;  but  in  so  general  a  calamity,  whurc 
each  was  occupied  with  his  own  misfortunes  or  tliose  of  liis  family,  aid 
could  rarely  be  obtained.  Neither  tears,  nor  supplications,  nor  promises 
of  high  n-uui  do  were  listened  to.  Many  acts  of  self-devotion,  prompted 
by  parental  and  conjugal  tenderness,  or  by  friendship,  or  the  gratitude 
cf  foithful  servants,  are  recorded ;  but  individual  exertions  vere,  for  the 
most  part,  ineflOectnal.  It  frequently  happened,  that  persons  In  search 
of  tEose  moat  dear  to  fhem  could  hear  tbeir  moans,— ^nld  recognize 
their  voices — were  certain  of  the  etact  spot  where  they  lay  honed  be- 
neath their  feet»  yet  could  afford  them  no  anceor.  The  piled  mass 
lokted  all  their  strength,  and  rendered  their  efforta  of  no  avail 

At  Terrannova,  fonr  Angnsttn  monks,  who  had  taken  retnge  In  a 
vaulted  sacristy,  the  arch  of  which  continned  to  support  an  immense  pile 
of  rui;  i>,  made  their  cric^  heard  for  the  space  of  four  days.  One  only  of 
the  brethren  of  the  whole  convent  was  saved,  and  "of  what  avail  was 
his  strength  to  remove  the  enormous  weight  of  rubbish  whidi  had  over- 
whelmed his  companions  V*  He  heard  their  voices  die  away  gradually ; 
and  when  afterwards  their  four  corpses  were  disinterred,  tliey  were  found 
clasped  in  each  other's  arms.  Affecting  narratives  are  preserved  of 
mothers  saved  after  the  fifth,  sixth,  and  evon  '^^f^veiitii  dav  of  their  inter- 
ment, when  their  infants  or  children  had  pensiied  with  iiuuger. 

It  might  have  been  imagined  that  the  sight  of  sufTeriiigs  such  as  these 
would  have  been  suflicient  to  awak'-n  prntiments  of  humanity  and  pity  in 
the  most  savage  breasts  ;  but  while  hojue  acts  of  heroism  are  related, 
iiuLliing  could  exceed  the  general  atrocity  of  conduct  displayed  by  the 
Calabrian  peasants :  they  abaadoued  the  farms,  and  flocked  in  great 
numbers  into  the  towns— not  to  rescue  thetr  eonntrymen  from  a  linger- 
ing dealb,  but  to  plunder.  They  dashed  through  the  streets,  fearless  of 
danger,  amid  tottering  walla  and  donda  of  dust»  trampling  beneath  their 
feet  the  bodiea  of  the  wounded  and  half-builed,  and  often  stripping  them, 
while  yet  living,  of  their  elothes.f 

Oimdiidiiiff  r«mahb.*— But  to  enter  mora  fully  mto  these  details  would 
be  forsign  to  the  purpose  of  the  pieaent  woik,  and  several  volumes 

•  Pliikert<»i's  Voyages  and  Travels  vol  v.  as  cited  above,  a  465,  not^ 
f  D(il«Biea,ifaid. 
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would  be  required  to  give  tBe  reader  a  just  idea  of  the  nfferings  wlueli 
the  inhabitants  of  manj  |iopnlott8  districts  have  undergone  during  the 
earthquakes  of  the  last  150  years.  A  bare  mention  of  the  loss  of  lifi^ 
as  that  fifty  or  a  hundred  thousand  souls  perished  hi  one  catastmphe— 
conveys  to  the  reader  no  idea  of  the  extent  of  miseiy  inflicted :  wo  must 
learn,  from  the  narratives  of  qre^witnesses,  the  various  forms  in  wUch 
death  was  encountered,  the  numbers  v,  ho  escaped  with  loss  of  limbs  or 
serious  bodily  injunes,  and  the  multitude  who  were  suddenly  reduced  to 
penury  and  want.  It  cm  bern  oftfn  n^markod,  tliat  the  droad  of  cnrth* 
'ouakes  is  stron<i^cst  in  the  minds  of  those  who  liave  experienced  them 
most  frequently  ;  wlu-rcas,  in  tlic  case  of  ahiiost  ovory  other  danger, 
familiarity  with  peril  renders  men  intrepid.  Tlic  reason  is  obvioiL* — 
scarcely  any  part  of  tlie  mischief  apprehended  in  this  instance  is  imagin- 
ary;  the  first  sliock  is  otit^n  the  most  destructive  ;  and,  ns  it  mav  orrur 
'in  the  dead  of  the  night,  or  if  by  day,  without  ^^ivintj  the  least  ^v^irning 
of  its  approach,  no  forethought  can  wuard  against  it  ;  and  when  the  coq- 
vulhion  has  begun,  no  skill,  or  courage,  or  presence  of  mind,  can  point 
out  the  path  of  safety.  During  the  intervals,  of  uncertain  dundioOf 
between  the  more  fatal  shocks,  slight  tremors  of  the  soQ  are  not  tmfre- 
quent ;  and  as  tliese  sometimes  precede  more  Tiolent  convulsioDS,  tbey 
become  a  source  of  anxiety  and  alarm.  The  terror  arising  from  thb 
cause  alone  is  of  itself  no  inconsiderable  evil. 

Although  sentiments  of  pure  religion  are  frequently  awakened  h^  these 
awful  visitattonsy  yet  we  more  commonly  find  that  an  habitual  state  of 
fear,  a  sense  of  helplessness,  and  a  belief  in  the  futility  of  all  human  exe^ 
tions,  prepare  the  minds  of  the  vulgar  for  the  influence  of  a  demonJiaag 
superstJtifMl. 

Where  earthquakes  are  frequenti  there  can  never  be  perfect  security 

of  property  under  the  besft  government ;  industry  cannot  be  assured  of 
reaping  the  fruits  of  its  labor ;  and  the  most  daring  acts  of  outrage  may 
occasionally  be  perpetrated  with  impunity,  when  the  arm  of  the  law  is 
paralyzed  by  the  general  consternation.  It  is  hardly  necessary  to  add, 
that  the  progress  of  civilization  and  national  wealth  must  be  retarded  by 
convulsions  which  level  cities  to  the  ground,  destroy  harboi-s,  rend*  r 
roads  impassable,  and  cause  the  most  cultivated  valley-plains  to  be 
covered  wiili  lakes,  or  the  niins  of  adjoining  })ills. 

Those  geologists  who  imagine  that,  at  remote  periods  ere  man  became 
a  sojourner  ou  earth,  the  volcanic  agency  was  more  energetic  than  noWt 
should  be  careful  to  found  their  opinion  on  strict  geological  eridence,  and 
not  permit  tbemselTes  to  be  biased,  as  they  have  often  been,  by  a 
notion,  that  *the  disturbbg  force  would  probably  bo  mitigated  for  flis 
aake  of  man. 

I  shall  endeavor  to  point  out  in  the  sequel,  that  the  general  tendency 
of  subterranean  movements,  when  their  efiects  are  considered  forasoffl- 
cient  lapse  of  ages,  is  eminently  beneficial,  and  that  they  constitute  an 
essential  part  of  that  mechanism  by  which  the  integrity  of  the  habitable 
surface  is  preserved,  and  the  very  existence  and  perpetuation  of  diy  Ued 
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secured.  Why  tbe  working  of  this  aame  maehineiy  should  be  attended 
with  to  much  evil,  is  a  mysieiy  far  beyond  the  leocb  of  our  pbikMopby, 
and  must  probably  remain  so  until  we  are  penmtted  to  investigate,  not 

oor  planet  alone  and  its  inhabitantSy  but  othtf  parts  of  the  moral  and 
naterial  universe  with  which  they  may  be  connected.  Could  our  sur* 
vey  embrace  other  worlds,  and  the  events,  not  of  a  few  centuries  on]y, 
bat  of  periods  as  indefinite  is  those  with  which  geology  renders  us 
familiar,  some  apparent  contradictions  might  be  reconciled,  and  some 
difficulties  would  doubtless  be  clonred  up.  But  evon  then,  ns  our  capa- 
cities are  finite,  while  the  scheme  of  tlie  universe  may  be  infinite,  both 
in  time  and  space,  it  is  presumptuous  to  suppose  that  all  sources  of  doubt 
and  perplexity  would  ever  be  removed.  On  ilio  contrary,  they  mii^ht, 
perhaps,  go  on  augmenting  in  number,  aliiiouglti  our  contidence  in  the 
wisdom  of  the  pK-ui  of  Nature  should  increase  at  tbe  same  time;  for  it 
hai  been  justly  said,  that  tlie  greater  the  circle  of  light,  the  greater  tiie  • 
boundary  of  darkness  by  whicli  it  is  surrounded.* 


CHAPTER  XXIX. 
£ARTUQUAK£S — contiumd, 

* 

Buihquake  of  Java,  1772 — Truncation  of  a  lofty  cone — St.  Domiogo,  1770 — 
bon,  nStt^Gnat  sres  over  whidi  the  Bhodn  exteuded^Retreat  of  the  m»— 

Proposed  ezplanationa — Conception  Bay,  1760 — Pcrraanent  elevation — Pom, 
1746— Java,  1699 — Rivers  ob-tnicte'!  l>y  !;lm]:^lips — SuUsidenco  iu  Sic-tlv,  1698 
— Moluccas,  1693 — Jamaica,  — i^r^c  tracts  erigulfod — Portion  of  Port 
Royal  aunk — Amount  of  change  iii  the  la»t  150  years — Elevation  anU  BubsideDca 
ofhiMl  in  Baj  of  Biiaa — ETidonce  of  the  Mine  aflbrded  by  the  Temple  of 

Ix  the  preceding  chapters  wo  have  considered  a  small  pai  t  only  of 
iho>e  earthquakes  which  have  occurred  durinp^  the  ]  isi  seventy  years, 
of  wiiich  accurate  and  ;iuihentic  desctipliuii^  liappen  to  have  been  re- 
corded. In  examining  those  of  earlier  date,  we  find  tlieir  number  so  great 
that  allusion  can  be  made  to  a  few  only  respecting  whicli  informatioa 
of  peculiar  geological  interest  has  been  obtained. 

Java,  1772. — Truneaiitm  of  a  lofty  com, — ^In  Ihe  year  1772,  Papan- 
4syang,  formerly  one  of  the  loftiest  volcaaoes  m  the  island  of  Java,  was 
m  emptioii.  Before  tS\  the  inhabitants  on  the  declivides  of  the  moun- 
tain could  save  themselves  by  flight,  the  ground  began  to  give  Way, 
and  %  great  part  of  the  voleanofeU  in  and  disappeared.  It  is  estimated 
thai  an  extent  of  ground  of  the  mountain  itself  and  its  immediate  envi- 
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rons,  fifteen  miles  long  and  full  six  broad,  was  by  tliis  eommotion  swil- 
lowed  up  hi  the  bowels  of  the  earth.  Forty  >illRges  were  destroyed, 
some  bang  engnlfed  and  some  covered  by  tlic  substances  thrown  out 
cm  this  occasion,  and  2957  of  the  inhabitants  perished.  A  propor^nate 
number  of  cattle  were  nlso  killed ,  and  most  of  the  plantations  of  cotton, 
indiji^o,  and  coffee  in  the  jidjacont  districts  wore  buried  under  the  vol- 
cjmic  mutter.  This  catastrophe  appears  to  ha\  e  resembled,  althoui,'h  on 
a  crrander  scale,  tlmt  of  the  ancient  Vesuvius  in  the  year  79.  The  rone 
was  reduced  iu  height  from  9000  to  :ibout  5000  feet:  and.  as  vapors 
still  escape  from  the  crater  on  its  summit,  a  new  cone  may  vim  day  rise 
out  of  the  ruins  of  tlie  ancient  mountain,  as  the  modern  V^uvius  has 
•risen  from  the  remains  of  Somma.* 

St.  DomingOy  1770. — During  a  tremendous  earthquake  which  de- 
stroyed a  great  part  of  St.  Domingo,  immmerable  fissores  were  caused 
throughout  the  island,  from  which  mephitic  vapora  emanated  and  pro- 
duced an  epidemic.  Sot  tpringt  burst  forth  in  many  places  wbers  there 
had  been  no  water  before ;  but  after  a  time  they  ceased  to  flow.f 

In  a  previous  earthquake  in  November,  1751,  a  Tident  shock  de- 
stroyed the  capital,  Port  au  Prince,  and  part  of  the  coast,  twenty 
leagues  in  length,  sank  down,  and  has  ever  since  formed  a  bay  of  the 
9ea.t 

Ilindostan,  1762.— >The  town  of  Chittagong,  in  Bengal,  was  violently 
shaken  by  an  earthquake,  on  the  2d  of  April,  1762,  the  earth  opening 
in  many  places,  and  throwing  up  water  and  mud  of  a  sulphureous  smell. 
At  a  place  called  Bardavan,  a  large  river  was  dried  up  ;#  and  at  Bar 
Chami,  near  the  sea,  a  tract  of  ground  sunk  down,  and  200  people, 
with  all  their  cuttle,  were  lost.  It  is  said,  that  sixty  square  miles  of  the 
Chittagong  coast  suddenly  and  perman(MUly  subsided  during  this  earth- 
quake, and  that  Ces-lung-Toom,  one  of  the  Mu;^  mountains,  entirely  dis- 
appeared, and  another  sank  so  low,  that  its  summit  only  remained  visi- 
ble. Four  hills  are  also  described  as  Jiavini^  been  variously  rent  a:^under, 
leaving  open  chasms  from  thirty  to  si.xty  feet  in  width.  Towns  which 
subsided  several  cubits,  were  overflow^  with  water ;  among  others, 
Deep  Oong,  which  was  submerged  to  the  depth  of  seven  cubits.  Two 
volcanoes  are  said  to  have  opened  in  the  Secta  Conda  hills.  The  shock 
was  also  felt  at  Calcutta.§  While  the  Ohittagong  coast  was  sinkiag;  a 
oorresponding  rise  of  the  ground  took  place  at  the  island  of  Hamree» 
and  at  Cheduba  (see  Map,  fig.  89,  p.  d61).| 

Ijubon,  1755. — In  no  part  of  the  volcanic  region  of  southern  Ean»pe 

♦  Dr.  Horsfield,  Batav.  TrOQl.  vol  viii.  p.  26.    Dr.  H,  informs  rae  that  be  ba* 

jipen  tills  tnificiitej  mountain  ;  and,  tlioughhe  did  not  ascend  it,  lie  has  converged 
with  tiio»e  who  have  examined  it  Itafflca'  account  (History  of  Java,  toL  l)  ii 
derived  from  Honfield. 

f  Eesai  fw  rilist.  Nat.  dc  Vh\e  de  St.  Dotiiiny:aei   FsriSb  iTlTd. 

t  Hist  dc  TAcad.  des  Sciences.    1752,  Paria. 

§  M'Clelland'B  Report  on  Mia  RoMoreoi  of  India:  1838,  Oaleattib  for  other 

pariinilara,  Bee  Phil.  Ti  an>(.  vol.  liii. 

I  Joum.  Afiiat.  Soc.  Bengal,  vol  z.  pp.  851, 438. 
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has  80  tremendous  an  earthquake  occurred  \a  modem  times,  as  that 
which  began  oo  the  Ist  of  November,  lt55,  at  Lisbon.  A  sound  of 
thunder  was  heard  iiiidei|;round,  and  unmediately  afterwards  a  liolenl 

shock  threw  down  the  greater  part  of  that  city.  In  the  course  of  about 
six  minutes,  sixty  thousand  persons  perished.  I'li*!  sea  first  retired  and 
laid  the  bar  dry ;  it  then  rolled  in,  rWuv^  fifty  feet  or  more  above  its 
ordinary  level.  The  mountains  f  f  Armbicla,  Estrella,  Julio,  Marvan, 
and  Cintra,  being  some  of  the  largest  in  Portugal,  were  impetuously 
shaken,  it  were,  from  their  very  foundations  ;  and  some  of  them 
nponcd  at  their  summits,  wliicli  >veix'  split  and  rent  in  :i  wonderful  man- 
ner, luiLTe  mas?je>  of  them  being  thrown  down  into  tlie  subjacent  val- 
leys.* Flames  are  related  to  have  issued  from  these  mountains,  which 
arc  suppojic'd  to  Imve  been  electric  ;  they  are  also  said  to  have  smoked; 
but  vast  clouds  of  duat  may  have  c^iven  rise  to  this  appearance. 

The  area  over  whi^h  this  convulsion  exLend  'd  is  very  remarkable. 
It  has  been  computed,  says  Humboldt.f  that  on  the  IsL  i^ovember, 
1755,  a  portion  of  the  earth's  surface  four  tunes  greater  than  the  ex- 
tent of  Europe  was  simultaneously  shaken.  The  shock  was  felt  in  the 
Alps,  and  on  the  coast  of  Sweden,  in  small  inland  lakes  on'  the  shores 
•f  the  Baltic,  in  Thuringia,  and  m  the  flat  eountiy  of  northern  Germany. 
The  thermal  springs  of  Toplitz  dried  up,  and  again  returned,  inundating 
every  thing  with  water  discolored  by  ochre.  In  the  ishinds  of  Antigua, 
Barbadoes,  and  Martinique  in  the  West  Indies,  where  the  tide  usually 
rises  fitUe  more  than  two  feet,  it  suddenly  roee  above  twenty  feet,  the 
water  being  discolored  and  of  an  inky  blackness.  The  morement  was 
tlso  sensible  hi  the  great  lakes  of  Canada.  At  Algiers  and  Fez,  in  the 
north  of  Africa,  the  agitation  of  the  earth  was  as  violent  as  in  Spain 
sad  Portugftl ;  and  at  the  distance  of  eight  leagues  from  Morocco,  a 
village  wltli  the  inliahitants,  to  the  number  of  about  8000  or  10,000 
persons,  are  said  to  have  been  swallowed  up;  the  earth  soon  after- 
wards closini,'  over  them. 

Subsideuct  of  t/ic  <juuij. — Amonic  otiier  extraordinary  events  related 
to  have  occurred  at  Lisbon  durini;  the  catasiroj>he  was  the  subsidence 
of  a  new  (|uay,  built  entirely  uf  marble  at  an  immensi'  expense.  A 
greut  concourse  of  people  had  collected  there  for  safety,  as  a  spot  where 
they  might  be  beyond  the  reacln  of  falling  ruins ;  but  suddenly  the 
(|aay  sunk  down  with  all  the  people  on  it,  and  not  one  of  the  dead 
bodies  ever  floated  to  the  surface.  A  great  number  of  boats  and  small 
vesaels  anchored  near  it,  all  full  of  people,  were  swallowed  up,  as  in 
a  whirlpool.];  Ko  fragments  of  these  wrecks  ever  rose  agam  to  the  sur- 
face, and  the  water  in  the  place  where  the  quay  had  stood  is  stated,  in 
many  accounts,  to  be  unfathomable ;  but  Whiteburat  says  he  ascer- 
tamed  it  to  be  one  hundred  lAthom8.§ 

•  HUt.  nn  l  riiilo-.  (if  Eiirtlujuiiktv^  p.  317.  f  Coflmo?,  vol.  i. 

Jfiev.  C.  Davy's  Letters,  voL  il  ^tter  ii.  p.  12,  who  wu  at  Ltsbtm  at  the  time. 
Sfloertainsd  that  the  boats  and  vesoeUi  said  to  have  been  swallowed  were 
miniiig.  §  On  ^  FonnatioQ  of  the  Earth,  p. 
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Circumstantial  as  are  the  contemporary  narratives,  I  learn  from  8 
correspondent,  Mr.  F,  Freeman,  in  1841,  that  no  part  of  the  Ta^ais  was 
then  more  than  thirty  feet  deep  at  hif^li  tide,  and  an  examinaiioD  of  the 
position  of  the  new  quay,  and  the  nnjiiiuiials  preserved  of  the  time  and 
manner  in  which  it  was  buih,  rendered  tlie  statement  of  so  great  a  sub 
sidencc  in  1 755  quite  uuiutelligible.  l^erhap»  u  deep  narrow  chasm,  such 
as  was  before  described  in  Calabria  (p.  481),  opened  and  closed  again 
in  the  bed  of  the  Tagus,  after  swaUovring  up  aome  inoninbeiit  bnildiiiigv 
and  vessek.  We  have  already  seen  that  aueli  opemnga  may  ooUapte 
-after  the  shock  suddenly,  or,  in  places  where  the  strata  are  of  soft  and 
yielding  materials,  very  gradually.  According  to  the  observatioDB  mads 
at  Lisbon*  in  1887,  by  Mr.  Sharpe,  the  destroying  effects  of  this  earth- 
quake were  confined  to  the  tertiaiy  strata,  and  were  most  violent  oo  the 
blue  clay,  on  which  the  lower  part  of  the  city  is  constructed.  Kot  a 
building,  he  says,  on  the  secondary  limestone  or  the  basalt  was  injured.* 

Shockafelt  at  sea. — ^The  shock  was  fdt  at  sea,  on  the  deck  of  a  ship 
to  the  west  of  Lisbon,  and  produced  very  much  the  same  sensation  as 
on  dry  land.  Off  St.  Lucar,  the  captain  of  the  ship  Nancy  felt  bis 
vessel  so  violently  shaken,  that  lie  thought  she  had  struck  the  ground ; 
but,  on  heaving  the  lead,  found  a  t^'reat  depth  of  water.  Captain  C'lark» 
from  Denia,  in  latitude  3t>^  24'  N.,  between  nin<^  and  ten  in  the  morn- 
ing, had  his  bhip  shaken  and  strained  as  if  she  had  struek  upon  a  rock," 
so  that  the  seams  »jf  the  deck  opened,  and  the  compass  was  overturned 
in  the  binnacle.  Another  bhip,  forty  leagues  west  of  St.  Vincent,  ex- 
j)erienced  so  violent  a  concussion,  that  the  men  were  thrown  a  foot  and 
a  half  perpendicularly  up  from  the  deck. 

Rate  at  which  the  movement  travelled. — The  agitation  of  lakes,  riven, 
and  springs,  in  Great  Britun,  was  remarkable.  At  Loch  Lomond,  in 
Scoilaiid,  for  example,  the  water,  without  the  least  apparent  cause, 
rose  against  its  banks,  and  then  suhdded  below  Its  usual  IctcI.  The 
greatest  perpendicular  height  of  this'swell  was  two  feet  four  inches.  It 
is  said  that  the  movement  of  this  earthquake  was  undulatory,  and  tbst 
it  travelled  at  the  rate  of  twenty  miles  a  minute,  its  velocity  being  esl- 
culated  by  the  intervals  between  the  time  when  the  first  shock  was  felt 
at  Lisbon^  and  its  time  of  occurrence  at  other  distant  p]aces.f 

Oreat  wave  and  retreat  of  the  sea. — A  great  wave  swept  over  the 
coast  of  Spain,  and  is  said  to  have  been  sixty  feet  high  at  Cadis.  At 
Tangier,  in  Africa,  it  rose  and  fell  eighteen  times  on  the  coast  At 
Funchal,  in  Madeira,  it  rose  full  fifteen  feet  perpendicular  above  hiiih- 
water  mark,  although  the  tide,  which  eM>^  and  flows  there  seven  h  oi, 
was  then  uL  half-ebb.  Besides  entering  tiie  city;  and  cominiiliug  great 
havoc,  it  overflowed  other  seaports  in  the  island.  At  Kinsale,  in  Ireland, 
a  body  of  water  ruslicd  into  the  harbor,  whirled  round  several  vessels,^ 
and  poured  into  the  market-place. 

I  OpoI.  Soc.  Proceediogs,  No.  60,  p.  36.  18H8. 

I  MicheU  ou  K)irthqui^«ta,  PhiL  TraD«.  voL  li.  p.  560.  1760. 
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It  waB  before  stated  that  the  aea  first  retiied  at  Lisbon ;  and  this  re- 
tr^  of  the  ocean  from  the  shore,  at  the  eommencement  of  an  earthquake^ 
and  its  sabseqnent  retam  in  a  violent  wave,  U  a  common  occnrrenee. 

In  order  to  accotmt  for  the  phenomenon,  Michell  imagined  n  subsidenoe 
at  the  bottom  <^  the  sea,  from  the  giving  way  of  the  roof  of  some  cav- 
ity in  consequence  of  a  vacuum  produced  by  the  condensation  of  steam. 
Such  condensation,  he  observes,  might  be  the  first  effect  of  the  intro- 
duction of  a  ]nrm'  bodv  of  water  into  fissures  and  cavities  alreadv  filled 
with  steam,  before  there  lias  been  '^nffirient  time  for  the  heat  of  the  in- 
candescent lava  to  turn  so  larcfo  i  sn|>n]v  of  water  into  steam,  which 
being  soon  accomplished  causes  a  greater  e.\[)losion. 

Another  proposed  ex])lanati()n  is,  the,  sudden  rise  of  the  land,  which 
would  C4iuse  the  se  i  to  abandon  immediately  the  ancient  line  of  coast ; 
aad  if  ihc  .sliore,  after  lieing  thus  lieaved  up,  should  fall  again  to  its 
original  level,  the  ocean  would  return.  This  theory,  however,  will  not 
iGOOunt  for  the  facts  observed  during  the  Lisbon  earthquake ;  for  the 
ictreat  preceded  the  wave,  not  only  on  the  coast  of  Portugal,  but  also 
at  the  island  of  Madeira,  and  several  other  places.  If  the  upheavnig  of 
the  coast  of  Portugal  hsd  caused  the  retreat,  the  motion  of  the  waters, 
when  propagated  to  Madeira,  would  have  produced  a  wave  prenoos  to 
tin  retreat  Nor  could  the  motion  of  the  waters  at  Madeira  have  been 
csDsed  hy  a  diflferent  local  earthquake ;  for  the  shock  travelled  from 
Usbon  to  Madeira  in  two  hours,  which  agrees  with  the  time  which  it 
required  to  reach  other  places  equally  distant* 

The  following  is  another  solution  of  the  problem,  which  has  been 
offered : — Suppose  a  portion  of  the  bed  of  the  sea  to  be  suddenly  up- 
heaved ;  the  first  effect  will  be  to  raise  over  the  elevated  pai-t  a  body 
of  water,  the  momemom  of  which  will  carry  it  much  above  the  level  it 
will  afterwards  assume,  causing  a  draught  or  receding  of  the  water  from 
the  n^'igliborin*^  coasts,  followed  immediatelv  by  the  return  of  the  dis- 
j)la:ed  water,  which  will  also  br  impelled  by  its  momentuiu  much  far- 
ther and  hiL^hcr  on  the  coast  than  its  former  level.f 

Mr.  Darwin,  when  alludin!:^  to  similar  waves  on  the  coast  of  Chili, 
states  his  opinion,  that  "  the  whole  phenomenon  is  due  to  a  common  un- 
dulation in  the  water,  proceeding  from  a  line  or  point  of  disturbance 
some  little  way  distant.  If  the  waves,"  he  says,  **  sent  off  from  the 
paddles  of  a  steam-vessel  be  watched  breaking  on  the  sloping  shore  of 
a  still  river,  the  water  will  be  seen  first  to  retire  two  or  three  feet,  and 
then  to  return  in  little  breakers,  precisely  analogous  to  those  consequent 
on  an  earthquake/*  He  also  adds,  that  "  the  earthquake- wave  occurs 
tome  time  after  the  shock,  the  water  at  lint  retiring  both  from  th^ 
shores  of  the  mainland  and  of  outlymg  islands,  and  then  retunung  in 
OMmntainoias  breaken.  Their  sise  is  modified  by  the  form  of  the  neigh* 
boring  coaat ;  for  it  is  ascertained  In  South  America,  that  places  aitoa* 

•  Michell,  PhiL  Traus.  vol.  11  p.  614. 
t  Quarterly  Review,  2fo.lusvi  p.  4BA» 
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ted  at  tlic  bead  of  shoaling  bays  bave  suffered  iiiobI»  whereas  tofwnifikc 
Valparaiso,  seated  close  on  iho  border  of  a  profound  ocean,  bare  nerei 
been  ianndated*  tbougb  severely  simken  by  earthquakes."* 

More  recently  (February,  1846),  Mr.  Mallet,  in  liis  memoir  abore 
cited  (p.  475),  has  endeavored  to  bring  to  bear  on  this  difficult  subject 
the  more  advanced  knowledtre  obUiined  of  late  rears  mipectinjr  the  true 
theory  of  waves.  He  conceives  that  when  tha  owj^m  of  the  shock  is  be- 
neath the  deep  ocean,  one  wave  is  propagated  tlir  iul,^Ii  the  land,  and 
another  moving  with  inferior  velocity  is  formed  on  the  surface  of  the 
ocean.  This  last  rolls  in  upon  the  land  long  after  the  earth-wave  has 
iirnved  and  spent  its^^lf.  However  irreconcilable  it  may  be  to  our  com- 
mon notions  of  solid  bodies,  to  imagine  them  capable  of  transmitting, 
with  such  extreme  velocity,  motions  analogous  to  tidal  waves,  it  seems 
nevertheless  certain  that  such  undulations  are  produced,  and  it  is  sup- 
posed that  when  the  eboek  passes  a  given  point,  each  particle  of  the  tofid 
earth  describes  an  eBipse  b  space.  The  facility  with  which  aQ  the  ps^ 
tides  of  a  solid  mass  can  be  made  to  vibrate  B»y  be  iUnatialed,  says 
Oay  Iionac,  by  many  fanuliar  examples.  If  we  apply  the  ear  to  one 
end  of  a  long  wooden  beam,  and  listen  attentively  when  the  other  end 
b  stntck  by  a  pin's  head,  we  bear  the  shock  distinctly ;  wbiefa  shows 
that  every  fibre  thronghout  the  whole  length  has  been  made  to  vihnte. 
The  rattUng  of  carriages  on  the  pavement  shakes  the  largest  edifices ; 
and  in  the  quarries  imdemeath  some  quarters  in  Paris,  it  is  found  tbut 
the  movement  is  communicated  through  a  considerable  thickness  oi 
rock.f 

The  great  «;ea-wavc  originating  directly  over  the  centre  of  disturbance 
IS  ])ropagated,  as  Micheli  correctly  stated,  in  every  direction,  like  the 
circle  upon  a  pond  when  a  pebble  is  dropped  into  it,  the  diflerent  rato^ 
at  which  it  moves  depending  (as  he  also  suggested)  on  variations  in  the 
depth  of  the  watei-.  This  wave  of  the  sea,  says  Mr.  Mallet,  is  raised  by 
the  impulse  of  the  shock  immediately  below  it,  wliich  in  great  earth- 
quakes lifts  up  the  ground  two  or  three  feet  perpend  l  ulaily.  The 
velocity  of  the  shock,  or  earth- wave,  is  greater  because  it  ■  depends  upon 
a  function  of  the  elasticity  of  the  crust  of  the  earth,  whereas  the  velocity 
of  the  sea-wave  depends  upon  a  function  of  the  depth  of  the  sea." 

"  Although  the  shock  m  its  passage  under  the  deep  ocean  gives  ao 
trace  of  its  progress,  it  no  sooner  gets  into  soundings  or  shalhnr  water, 
than  it  gives  liM  to  another  and  smidlor  wave  of  the  sea.  It  cairiesi  as 
it  were,  upon  ito  back,  this  lesser  aqueous  undulation;  a  long  narrow  ridge 
.  of  water  which  corresponds  in  form  sind  velocity  to  itself,  being  pushed 
up  by  the  partial  elevatkm  of  the  bottom.  It  is  this  email  wave,  called 
technically  the  'forced  sea-wave,'  which  communicatee  the  earthquske- 
shoek  to  ships  at  sea»  aa  if  they  bad  struck  upon  a  rock.  It  breaks 
upon  a  coast  at  the  saaoe  moment  that  the  shook  leaebea  H*  and  aome- 

•  DarwiQ  8  Travcb  in  South  America,  ifcc,  1832  to  1836.   Vojags  of  H.  M.a 
Beaglo,  vol.  ill  p.  877. 
f  Aim.de€lfa.«tdeFb.,t<mi.xmpk4S8. 
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timet  it  may  etoae  an  apporoDt  slight  recession  from  ihe  shore,  fottowed 
by  Us  flowii^  up  somewhat  higher  than  the  usiial  tide  mark :  tlua  wiU 
bappea  where  the  beach  is  very  aloping,  as  is  vsnal  where  the  sea  is 
ahaOew,  for  then  the  velodty  of  the  low  flat  earth-wave  is  snoht  that  it 
dips  as  it  were,  from  nnder  the  nodolation  in  the  fluid  abore.  It  does 
tlib  at  the  moment  of  reaehmg  the  heaeh»  which  it  elevates  by  a  verti- 
esl  height  eqoal  to  its  own,  and  as  instantly  lets  drop  again  to  ita  former 

While  the  shock  propagated  through  the  solid  earth  has  thus  trav- 
elled with  extra  rapidity  to  the  land,  the  great  son-wave  has  been  fol- 
lowing at  a  slower  pace,  though  advancing  at  the  rate  of  several  miles 

in  a  minute.  It  consists,  in  the  deep  ocean,  of  a  long  low  swell  of  enor- 
mous vitliime,  Inving  an  eijual  si(>pp  bf'fore  and  beliind,  and  that  '^n 
gentle  that  it  nvj^Yd  pass  under  a  ship  without  being  noticed.  But  when 
it  reaches  the  edge  ot  soundings,  its  front  slope,  lilce  tliat  ci  a  tidal  wave 
under  similar  circumstances,  becomes  slKfi  t  and  steep,  while  its  rear 
slope  is  long  and  gentle.  If  there  be  water  of  Mniie  depth  c  l(»so  into 
shore,  this  great  wave  may  roll  in  long  after  the  »lio<:k,  and  do  little 
damage  f  but  if  the  shore  be  slielving,  there  will  be  first  a  retreat  of  the 
water,  and  then  the  wave  will  break  upon  the  beach  and  roll  in  far 
upon  ihe  land."* 

The  rarioos  opinions  whieh  have  been  oflered  by  Michell  and  later 
imten,  respecting  the  remote  canses  of  earthqualie  shocks  in  the  in- 
terior  of  the  earth,  wUl  more  properly  be  disousaed  in  the  thirty-aecond 
ehapter. 

CkiU,  l761.^n  the  24th  of  May,  1751,  the  ancient  town  of  Gon- 
eeplion,  otherwise  called  Pence,  was  totally  destroyed  by'an  earthquake^ 
sad  the  aea  rolled  over  it.  (See  plan  of  the  bay,  fig.  YO,  p.  455.)  The 
sndent  port  was  rendered  entirely  naelcas,  and  the  inhabitants  built 
laother  town  about-ten  miles  from  the  sea-ooast.  In  ordef  to  be  beyond 
the  reach  of  similar  innodatioi is.  At  the  same  time,  a  colony  recently 
settled  on  theseft-diore  of  Juan  Femandes  was  almost  entirely  over* 
whelmed  by  a  wave  -which  broke  upon  the  shore. 

It  has  been  already  stated,  that  in  1835,  or  eighty-four  yeai-s  after 
the  destruction  of  Penco,  tho  snmo  cofi.st  was  overwhelmed  by  a  similar 
flood  from  the  sea  during  an  earthquake;  and  it  is  also  known  that 
twenty-one  years  before  (or  in  1780),  a  like  wave  rolled  over  these 
feted  shores,  in  which  many  of  the  inhabitants  perished.  A  series  of 
similar  catnstrophes  has  also  been  tracked  back  as  far  as  the  year  1590,f 
beyond  wbicii  we  i;ave  no  memorials  save  those  of  onil  tradition.  Molina, 
who  has  recorded  the  customs  and  legends  of  the  aborigines,  tells  us, 
that  tfie  Aruucanian  Indians,  a  tribe  inhabiting  the  country  between  the 
Andes  and  the  Pacific,  includuii;  the  part  now  called  Chili,  "  had  among 
them  a  tradition  of  a  great  deluge,  in  wUeh  only  a  few  persons  were 

•  Mallr-t.  Proceed.  Roy.  Iris^h  Acb  I  I'' 16. 

f  See  i<athcr  Acoeta  s  work ;  and  Sir  Woodbino  Parish  Oool  Soc  Proceedings 
vol  ii  p.  216. 
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Mved,  wbo  took  rafiigc  upon  a  high  moantaia  called  Tbcgtheg,  '*tbt 
thunderiiig,"  which  had  three  points.  Whenever  a  vkileiitearthqaab 
oceurs,  these  people  fly  for  safety  to  the  monntams,  asaigniog  as  a  na- 
SOD*  that  they  are  fearfol,  after  the  shocks  that  the  sea  will  again  retain 
and  deluge  the  world.* 

Kotwitbstandtng  the  tendency  of  writers  in  his  day  to  refer  all  tn- 
ditionary  inundations  to  one  remote  period,  Molina  remarks  tbnt  this 
flood  of  the  Araucanians  '*wa8  prohably  very  diflferent  from  that  of 
Noah."  We  have,  indeed,  no  means  of  conjecturing  how  lon<^  ihh  ^mt 
tribe  had  flourished  in  Chili,  but  we  can  scarcely  doubt,  that  if  its  ex- 
perience reached  back  even  for  three  or  four  centurio*;,  several  inrand? 
of  the  ocpfin  must  hnve  occurred  within  thnt  period.  But  the  m^'morr 
of  a  succession  of  physical  events,  simihir  in  kind,  though  (li>iinct  in 
time,  can  never  be  preserved  )>v  a  people  destitute  of  written  annals.  . 
Before  two  or  tliree  froneiati  )!]^  have  passed  awny  all  dates  are  forgol- 
ten,  and  even  the  events  themselves,  unless  liiey  have  given  orisjiQ  to 
some  customs,  or  relisrious  rites  and  ccreuiunies.  OftPntim*»s  the  inci- 
dents of  many  dilVerent  earthquakes  and  floods  become  blended 
together  in  the  same  narrative  ;  and  in  such  cases  the  single  ca- 
tastrophe is  described  in  terms  so  exaggerated,  or  is  so  disguised  by 
mythological  fictions,  as  to  be  utterly  valudess  to  the  antiqaaiy  or  phi- 
losopher. 

Proofs  of  €Uvatim<if  twenty-four  ftet* — ^During  a  late  siurey  of  Con- 
ception Bay,  Captain  Beechey  and  Sir  K  Belcher  discovered  tlitt  the 
ancient  harbor,  which  formerly  admitted  all  huge  merchant  nssds 
which  went  round  the  Cape,  b  now  occupied  by  a  reef  of  sandstone^ 
certain  points  of  which  project  above  the  sea  at  low  water,  the  greater 
part  being  very  shallow.  A  tnict  of  a  mile  and  a  half  in  leni^ih.  wbert 
accordinrr  to  the  report  of  the  inhabitants,  the  water  was  formerly  four 
or  five  fathoms  deep,  is  now  a  shoal ;  consisting,  as'oor  hydrographen 
found,  of  hard  sandstone,  so  that  it  cannot  be  supposed  to  hare  been 
formed  by  recent  deposits  of  the  river  Biobio,  an  arm  Of  which  carries 
down  loose  micaceous  sand  into  the  same  bay. 

It  is  impossible  at  this  distance  of  time  to  aflirm  that  the  bed  of  the 
sea  was  uplifted  at  once  to  the  height  of  twenty-four  ff.  t.  durinir  the 
sinL^le  earthquake  of  \*1TA,  because  other  movements  mav  ha\<'  o't  iirred 
subsequently;  but  it  is  said,  that  ever  sinre  the  shock  of  1751,  ii"  ves- 
sels have  ht'cn  able  to  approach  wiihia  .i  mil.'  and  a  half  of  the  anoieul 
port  of  Pencu.  (See  Map,  p.  4. ").'>.)  In  proof  of  the  former  elevatios 
of  the  coast  near  Penco  our  surveyors  found  above  high- water  mark  an 
enormous  bed  of  shells  of  the  same  species  as  those  now  living  ia  tht 
bay,  filled  with  micaceona^sand  like  that  which  the  Biobio  now  convcjrb 
to  the  bay.  These  shells,  as  well  as  others,  which  cover  the  adjoidag 
hUls  of  mica-schist  to  the  height  of  several  hundred  feet,  have  Istdy 
been  eiamined  by  experienced  conchologtsta  in  London,  and  ideatifisii 
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«ilh  tboae  taken  at  the  same  time  in  a  liTiiig  state  fimn  the  boy  and  its 
adghboihoocl.* 

Ulloo,  therefore,  was  perfectly  ecNneet  m  his  statement  that»  at  variooi 
Ughts  above  the  sea  between  Takahuaao  and  Conception,  "  mines 
were  fonnd  of  various  sorts  of  shells  used  for  lime  of  the  very  same  kinds 
SI  those  found  in  the  adjoining  sea."  Among  them  he  mentions  the 
great  mussel  called  Choros,  and  two  others  which  he  describes.  Some 
of  thc>(\  he  says,  are  entire,  and  others  broken  ;  they  occur  at  the  bot- 
tom of  the  sea,  in  four,  six,  ten,  or  twelve  fathom  water,  where  thev  ad- 
here to  r»  >oa- plant  callotl  Uochayuyo,  They  are  Uxkvn  in  dn^dLCt's,  and 
have  no  resemblance  to  those  found  on  the  shore  or  in  shallow  water  ; 
jct  beds  of  them  occur  at  various  lieights  on  tlie  hill*  **  1  was  {\rc 
more  pleased  witli  ilie  siglit,"  he  adds,  '*  as  it  appeared  lo  me  a  ( un- 
vincing  proof  of  the  universality  of  the  deluge,  although  I  am  not  iLrno- 
raot  that  some  have  attributed  their  position  to  other  causcs."f  It  has, 
however,  been  ascertained  that  the  foundation  of  the  Castle  of  Pence 
WW  so  low  in  1835,  or  at  so  inconsiderable  an  elevation  above  the  high- 
at  spiiog  tides,  as  to  discoontenance  the  idea  of  any  permanent  upheaval 
is  Bodera  times,  on  the  site  of  that  ancient  port ;  but  no  exact  measure- 
SNDls  or  levellings  appear  as  yet  to  have  been  made  to  detemune  this 
poist,  which  is  the  more^worthy  of  uivesUgation,  because  it  may  throw 
■one  light  on  an  opinion. often  promntgated  of  late  years,  that  there 
iia  leadency  in  the  Chilian  coast,  after  each  upheaval,  to  sink  gradually 
sad  return  towards  its  former  position. 

Peru,  1746. — Peru  was  visited,  on  the  28th  of  October,  1740,  by  a 
tremendous  earthquake.  In  the  fin$t  twenty-four  hours,  two  hundred 
sliocb  were  experienced.  The  ocean  twice  retired  and  returned  impetu- 
ously upon  the  land:  Lima  was  destroyed,  and  part  of  the  coa.^t  near 
Callao  was  converted  into  a  hi\y  :  Onir  otlier  liarbors,  among  which  wen* 
Cavalla  and  Guanape,  sbaiTd  the  aim;  late.  Thtire  were  tvTenty-tliree 
ships  and  vessels,  !:^reat  and  bmall,  in  the  harbor  of  Callao,  of  which 
ninetwn  were  sunk  ;  and  the  other  four,  among  whicli  was  a  frigate 
ciiUcd  St.  Ferrain,  were  carried  by  the  force  of  the  waves  to  a  crreat  dis- 
tonce  up  the  country,  and  left  on  dry  ground  at  a  cuasiderablc  heiglit 
above  the  sch.  The  number  of  inhabitants  in  this  city  amounted  to  four 
thousand.  Two  hundred  only  escaped,  twenty-two  of  whom  were  saved 
oa  a  small  fragment  of  the  fort  of  Vera  Cru^  which  remamed  as  the  only 
nttmotkl  of  the  town  after  this  dreadful  mundation.  Other  portions  oi 
its  site  were  completely  covered  with  heaps  of  sand  and  gravel. 

A  vobaoo  in  Lucanas  burst  forth  the  same  night,  and  such  quanti- 
ties of  water  descended  from  the  cone  that  the  whole  country  was  over- 
flowed ;  and  in  the  mouotam  near  Patas,  called  Conversiones  de  Caxa* 
aurquiUa,  three  other  volcanoes  bunt  out,  and  frightful  tonents  of  water 
swept  down  their  sides»| 

*  CapUin  Belcher  has  abown  ne  these  sbell^  and  the  eoUseti<in  hss  beet 

vntninei)  by  Mr.  Broderip. 

UUoaV  Vu^nge  to  8outb  America,  vol.  ii.  book  viil  ch.  ti 
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Then  m  smralneordiof  prior  eonvnMoiit  in  Peru,  aecooipnied  by 
amUar  inroftds  ia  the  sea,  one  of  which  happened  fifltj-nine  yean  bcfon 
(in  168*7),  when  the  ocean,  aocoidnig  to  Ulloa,  fint  relared  and  then  te- 
tnned  in  a  monnfainafoa  wave^  OTerwhelming  Callao  and  its  eimraas^ 
with  the  miserable  inhabitants.*  This  same  wave^  according  to  lioed 
Wafer,  carried  shipe  a  league  into  the  oonntiy,  and  drowned  msa  and 
beast  for  fifty  leagues  along  the  shore. f  lonndations  of  still  earlier  dsla 
Are  carefully  recorded  by  Ulloa,  Wafer,  Acosta,  and  various  writen,  win 
describe  them  as  having  expended  their  chief  futy,  some  on  one  part  of 
the  coast  and  some  on  another. 

But  all  authentic  accounts  cease  when  ascend  Ic  the  era  of  tli« 
conquest  of  Peru  by  the  Spaniards.  The  ancient  Pernvinns.  althongb 
far  removed  from  barbarism,  were  without  written  annals,  and  therefore 
unable  to  preserve  a  distinct  recollection  of  a  long  series  of  natural 
events.  They  had,  however,  according  to  Antonio  de  Herrera,  who,  in 
the  Ugiiining  of  the  seventeenth  century,  investigated  their  antiqui- 
ties, a  tradition,  **  that  many  years  before  the  reign  of  the  Ino;i<',  nt  a 
time  when  the  country  was  very  populous,  there  happened  a  great  flood ; 
the  sea  breaking  out  beyond  its  bounds,  so  tliat  the  land  was  covered 
with  water  and  lUl  tbe  people  perished.  To  this  the  Ouacas,  inhabiting 
the  vale  of  Xansca,  and  the  natirea  of  Chiquito,  in  the  prorince  of  Cal- 
lao, add  that  some  persons  remained  in  the  hollowa  aiid  eaves  of  the 
highest  mounti^i  who  again  peopled  the  land.  'Others  of  the  BMnm- 
tain  people  aflirm  that  all  perished  in  the  deluge,  only  six  penoos  bdog 
saved  on  a  float,  from  whom  descended  sll  the  inhabitants  of  that  conn- 
try/'t 

On  the  mainland  near  Lima,  and  on  the  neighboring  i^and  of  San 
Lorenzo,  Mr.  Darwin  found  proofs  that  the  ancient  bed  of  the  sea  had 
been  raised  to  the  height  of  more  than  eighty  feet  above  water  within 
the  human  epoch,  strata  having  been  discovered  at  that  altitude,  con- 
taining pieces  of  cotton  thread  and  plaited  rush,  together  "with  sea-weed 
and  marine  shells.^  The  same  author  learnt  from  Mr.  Gill,  ^  ci^'l 
engineer,  that  he  discovered  in  tlie  interior  near  Lima,  between  Ca^im 
and  Iluaraz,  the  dried-up  channel  of  a  large  river,  sonii unit's  worn 
through  solid  rock,  which,  instead  of  continually  ascendin*;  towards  iu 
source,  has,  in  one  place,  a  steep  downward  slope  in  that  direction,  for  a 
ridge  or  line  of  hills  has  been  uplifted  directly  across  the  bed  of  the 
stream,  which  is  now  arched,  liy  these  changes  the  water  has  beta 
turned  into  some  other  course  ;  and  a  district,  once  fertile,  and  still  owr- 
ered  with  ruins,  and  bearing  ^he  marks  of  ancient  cultivation,  has  beea 
converted  into  a  desert.] 

Java,  1600. — On  the  fith  of  January,  1609,  a  terrible  eardiqatks 
visited  Java,  and  no  less  than  208  considerable  shochs  wore  reelmw^ 

■ 

♦  Tnioa*8  Voyage,  vol.  ii.  p.  82. 

f  Wafer,  cited  by  Sir  W.  I'nri^h,  Hon].  Soc.  Prooeeding^  vd.  il  pSM^  - 

Z  Hi«t.  of  America,  decad.  ui.  book  xi.  ch.  L 

I  Darwin**  Joarsal,  p.  461.  |  Ibid,  pb  418. 
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Miay  komes  in  Batavia  were  oTeiitmed,  mid^he  fleme  and  noise  of  a 
fokamo  eroption  were  seen  and  lieard  in  that  eiijr»  which  were  afler- 
wards  found  to  prooeed  from  Mount  Salek,*  a  Tolcaao  six  days'  journey 
distant.  Next  tnonung  the  Bataviati  river,  which  has  its  rise  from  that 
nuNmtaio,  became  Teiy  high  and  muddy,  and  faroog^t  down  abnndanco 
of  biMhes  and  trees,  half  bumt^  The.efaannel  of  the  river  being  stopped 
Up,  the  water  overflowed  the  country  round  the  gardens  about  the  town, 
and  some  of  the  atveets^  so  thai  fishes  lay  dead  in  them.  All  the  fish 
in  the  river,  except  the  carps,  were  killed  by  the  mod  and  turbid  water. 
A  great  number  of  drowned  bufialoes,  tigers,  rhinoceroses,  deer,  apes, 
and  other  wild  beasts,  -were  brought  down  by  the  current ;  and.  "  not- 
withstanding," obspfvp?!  one  of  the  writ  r?,  that  a  crocodile  is  amphib> 
ious,  several  of  them  were  found  dead  among  the  rest."f 

1l  is  btatcd  that  seven  hills  boundinn-  tli  '  river  sank  down ;  by  which 
is  merely  meant,  as  by  similar  expressions  in  the  description  of  the  Cala- 
brian  earthquakes,  seven  great  landslips.  These  hills,  descending  some 
from  one  side  of  the  valley  and  some  from  the  other,  filled  the  channel, 
and  the  waters  then  finding  their  wgf  under  the  mass,  flowed  out  tluck 
and  muddy.  The  Tangaran  river  was  also  dammed  up  by  nine  hiUs^ 
and  in  its  ehaond  were  krge  quantttiea  of  drift  tnes.  Seven  of  its 
tribotariea  also  are  said  to  have  been  ''covered  up  with  earth.'*  A  high 
tisflt  of  forest  Umd,  between  the  two  great  rivers  before  mentioned,  is 
described  as  having  been  changed  into  an  open  comitry,  destitute  of 
trees,  the  sorlace  being  spread  over  with  fine  led  day.  This  part  of 
the  scconnt  may,  perhaps,  merely  refer  to  the  sliding  down  of  woody 
tnu:ts  into  the  valleyeT,  as  happened  t  )  so  many  extensive  vineyards  and 
olive  grounds  in  Calabria,  in  1783.  The  close  packing  of  large  trees  in 
the  Bataviiui  river  is  represented  as  very  remarkable,  and  it  attests  in  a 
striking  manner  the  destruction  of  soil  bordering  the  valleys  which  had 
been  caused  by  floods  and  landslips.*};  * 

Quito,  1698. — In  Quito,  on  the  19th  of  July,  1698,  during  an  earth- 
quake, a  great  part  of  the  crater  and  suiTidiit  nf  the  volcano  ('argualrazo 
fell  in,  and  a  stream  of  water  and  mud  issued  from  the  broken  bides  of 
the  hiU.§ 

Sicily,  1693. — Shocks  of  earthquakes  spread  over  all  Sicily  in  1G93, 
and  on  the  11th  ol  Juuuury  the  city  of  Catania  and  forty-nine  other 
places  were  levelled  to  the  ground,  and  about  one  hundred  thousand 
people  killed.  The  bottom  of  the  sea,  says  Yicentmo  Bonajutus,  sank 
down  oonsidembly,  both  m  ports,  inclosed  bays,  and  open  parts  of  the 
coas^  and  water  bubbled  up  along  the  shores.  Numerous  long  fissnrsa 
d  varioua  breadths  were  caused,  which  threw  out  sulphurous  water; 
sod  one  of  them,  in  the  plain  of  Catania  (the  deita  of  the  Simeto),  at 
the  distance  of  fonr  milea  from  the  sea,  sent  forth  water  as  salt  as  the 
tea.  The  atone  bnildinga  of  a  street  m  the  city  of  Noto,  for  the  length 

*  Misspelt  "  Sales"  in  Hooke's  Account 

JHooke's  Posthumous  Works,  p.  (37.   1706.         %  FhiL  IVsu.  ItOO. 
Humboldt,  Aa  Pit  p.  100. 
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oClialf  a  mile»  auk  into  the  groand,  and  remained  hanging  on  one  aide 
In  another  etreet^  an  opening  laige  enough  to  ewaUow  a  man  and  bom 
appeared.* 

Moluteatt  1608.^The  email  lale  of  Qorea,  which  oonsisia  o£  om 
great  volcano,  was  in  eruption  in  the  year  1698.  Different  parts  of  the 
cone  fell,  one  after  the  Other,  intp  a  deep  crater,  nntH  almost  half  the 
space  of  the  island  was  converted  into  a  fierj  lake.  Moat  of  the  inhab- 
itants fled  to  Banda ;  but  great  pieces  of  the  mountain  continued  to 
fall  down,  so  that  the  lake  of  lava  became  wider  ;  and  finally  the  whole 
population  wn^  compelled  to  craiirrate.  It  is  stated  tliat,  in  proportion 
as  the  burning  lake  increased  ia  size,  the  earthquake:}  were  less  re- 
hcmerit.f 

Jatiiaica,  1692. — In  the  year  1G02,  the  island  of  Jamaica  was  visited 
by  a  violent  earthquake :  the  firround  swelled  and  heaved  like  a  mllinjf 
sea,  and  was  traversed  bv  numerous  cnicks,  two  or  three  huiulrt-a  d 
which  were  often  seen  at  a  time,  opening  and  then  clo^ig  rapidly 
again.  Many  people  were  swallowed  up  ia  theae  rents ;  aome  the  cvdi 
eaught  by  the  middle,  and  eqneea^  to  death ;  the  heada  of  oUwis  oaly 
appeared  above  ground ;  and  aome  were  firat  enguUed,  and  (hen  east 
up  again  with  great  quantttiea  of  water.  Such  waa  the  devuiatioo,  ^ 
that  even  in  Port  Boyal,  then  the  capital,  where  more  hooaes  are  aaid 
to  have  been  left  atanding  than  in  the  whole  ieland  beaidea,  three-quir- 
ters  of  the  buildinge,  together  with  the  ground  they  atood  on,  eaakdoim 
with  their  inhabitants  entire] v  underwater. 

Subsidence  in  the  harbor, — The  large  storehouses  on  the  harbor  side 
f  subsided,  so  aa  to  be  twenty-four,  thirty-eix,  and' forty-eight  feet  under 
water ;  yet  many  of  them  appear  to  liave  remained  standing,  for  it  ij 
stated  that,  after  the  earthquake,  the  mast-heads  of  several  ships 
wrecked  in  the  harbor,  together  with  the  chimney-tops  of  houses,  were 
just  seen  projecting  above  the  waves.  A  tract  of  land  round  the  town, 
about  a  thousand  acres  in  exleut,  satik  down  ni  less  than  one  minute, 
during  the  first  shock,  and  the  sea  immediately  rolled  in.  The  Swan 
frif^te,  which  was  repairinnr  in  the  wharf,  was  driven  over  the  fops  of 
luiiiiy  buildings,  and  then  thrown  upon  one  of  the  roofs,  through  which 
it  broke.  The  breadth  of  one  of  the  streets  is  s^d  to  have  been  doaUed 
by  the  earthquake. 

According  to  Sir  H.  De  la  Beche,  the  part  of  Port  Royal  described 
as  having  sunk  waa  built  upon  newly  formed  land,  conatsting  of  saad, 
in  which  pilea  bad  been  driven;  and  the  tettkm/mt  of  thia  loose  Band, 
charged' with  the  weight  of  heavy  lionaea,  may,  he  auggeata,  haTC  givee 
rise  to  the  aubaldence  alluded  to*t 

There  have  undoubtedly  been  instancea  in  Calabria  and  elsewhere 
of  slides  of  land  on  which  the  houses  have  aiill  remained  standing ;  and 
it  ia  poeaible  that  auch  may  have  been  the  caae  at  Port  Boyal, 

•  Phil  Trauft.  1 608-4.  f  FluL  TttOB^  169Si 

^  Manual  of  OeoL  p.  \ZZ,  seoood  •ditioo. 
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fact  at  K'ast  of  submergence  is  unquestionable,  for  I  was  informed  by 
the  late  Admiral  Sir  Charles  Hamilton  that  he  frcquoiiLly  saw  the  sub- 
merged houses  of  Port  Rojal  in  the  year  1780,  in  that  part  of  the  bar 
bor  which  lies  between  the  town  and  tbe  usual  aneborage  of  men-of- 
war.  Bryan  Edwards  also  says,  in  bis  biaCoiy  of  tbe  Weak  Indies,  tbat 
m  1708  the  rums  were  visible  in  dear  weather  from  tbe  boats  wbiob 
Bailed  o?er  them.*  Lastly,  Lieutenant  B.  Jeffeiy,  B.  N«,  tells  menbaty 
being  engaged  ui  n  surrey  between  the  years  1824  and  1835,  he-re* 
peatedly  visited  tbe  site  m  question,  where  tbe  deptb  of  tbe  water  is 
froD  four  to  six  iatboins,  and  whenever  there  was  bat  little  wind  per- 
eeired  distinct  tiaoes  of  houses.  He  saw  these  more  clearly  when  he 
used  the  instrument  called  the  "diver's  eye,"  which  is  let  down  below 
the  ripple  of  the  wave.f 

At  several  thousand  places  in  Jamaica  the  earth  is  rdated  to  have 
opened.  On  the  north  of  the  island  several  plantations,  with  their  in- 
habitants, were  swallowed  up,  and  a  lake  appeared  in  their  place,  covcr- 
inpf  above  a  thousand  acres,  which  afterwards  dried  up,  leavini^  nothin:? 
but  sand  and  gmvel,  without  the  least  sign  that  there  had  ever  been  a 
house  or  ;i  live  there.  Seveml  tenements  at  Yallows  were  buried  under 
land-^llps  ;  and  one  plantation  was  removed  half  a  mile  from  its  place, 
the  crops  continuinj^  to  i^row  upon  it  uninjured.  Between  Spanish  Town 
and  Sixteen-mile  Walk,  the  high  and  perpendicular  cliffs  bounding  the 
river  fell  in,  stopped  the  passage  of  the  river  and  flooded  the  latter  place 
for  nine  days,  so  that  the  people  **  concluded  it  had  been  sunk  as  Port 
Royal  was."  But  the  flood  at  length  subsided,  for  tbe  river  bad  found 
some  new  passage  at  a  great  distance. 

If<mniain$  ihaUmd, — The  Blue  and  otber  of  tbe  highest  mountains 
are  deelated  to  have  been  strangely  torn  and  rent  They  appeared 
shattered  and  half-naked,  no  longer  aflfording  a  fine  green  prospeet,  as 
before,  but  stripped  of  their  woods  and  natural  verdure*  The  rivers  on 
these  mountains  first  ceased  to  flow  for  about  twenty- four  boun^  and 
then  brought  down  into  the  sea,  at  Port  Royal  and  other  places,  several 
hundred  thousand  tone  of  timber,  which  looked  like  floating  islands  on 
the  ocean.  The  trees  were  in  general  barked,  most  of  their  branches 
havmg  been  torn  off  in  the  descent.  It  is  particularly  remarked  in  this, 
as  in  the  narnitives  of  so  many  carthqualvcs,  that  fish  were  taken  in  great 
numbers  on  the  coast  during  the  shocks.  The  correspondents  of  Sir 
Hans  Sloane,  who  collected  with  care  the  accounts  of  eye-witnesses  of 
the  catastrophe,  refer  constatitly  to  subsidences,  and  some  supp<^ed  tbe 
whole  of  Jamaica  to  have  sunk  down.J 

ReJUciiom  on  the  amount  of  change  in  the  last  one  hundred  ami  sixty 
years. — I  have  now  only  enumerated  some  few  of  the  earthquakes  of  the 
last  160  years,  respecting  which  facts  illustrative  of  geological  inquiries 
are  on  record.    Even  if  my  limits  permitted,  it  would  be  an  unprofit- 

•  YoL  L  p.  236,  8vo  ed.  8  voU.  1801.      f  Letter  to  the  Author,  May,  183& 
X  niiL  Trant.  1694 
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able  task  to  ezanune  all  the  obscure  and  aaririgoons  imnaihm  of  similat 
erenta  of  earlier  epochs ;  although,  if  the  places  were  Doar  aiaminpd  hf 
geologists  well  praetiMd  in  the  art  of  interpietiog  the  monumenls  ol 
pbyaioal  ebanges,  many  crents  which  have  happened  within  the  hitifit' 
ioal  era  might  doubtless  be  still  determined  with  precision.  It  must 
not  be  imncrincd  that,  in  the  aborc  sketch  of  the  occurrentcs  of  a  short 
pr>rif>d,  I  Imve  {^'wcn  an  nc'nimt  of  all,  or  ovf^n  the  greater  part,  of 
mutations  which  the  earth  has  underrronc  by  the  agency  of  subterra- 
nean movements.  Thus,  for  example,  the  earthquake  of  Alcppn,  in  the 
pre.sont  centur}%  and  of  Syria,  in  the  middle  of  the  eight^;enth,  would 
doubtless  have  nflForded  numerous  phenomena,  of  great  geological  im- 
portance, had  those  catastrophes  been  described  by  scientific  obseners. 
The  bhocks  in  Syiia  in  1759,  were  protracted  for  three  months,  through- 
out a  space  of  ten  thousand  square  leagues :  an  area  compared  to  which 
that  of  the  Calalniaii  earthqaeke  in  1783  was  insignificant  Accon, 
8aphat,  Balbeeh,  Bamaactu,  Sidon,  Tripoli,  and  many  other  pkoo,  mn 
almost  entlrelj  levelled  to  the  graond.^  Many  tbooaanda  of  the  iahihit- 
ants  perished  in  each ;  and,  in  the  Tallej  of  Balbeck  ako^  iSO,000  dsd 
are  said  to  have  been  vidtima  to  the  conviilstOD.  In  the  «lMoee  of 
scientific  accounts,  it  would  be  as  irrelevant  to  our  present  paipose  to 
enter  into  a  detailed  account  of  auch  calamities,  as  to  follow  the  tnet  of 
an  invading  army,  to  enumerate  the  cities  burnt  or  rased  to  the  ground, 
and  reckon  the  number  of  individusla  who  perished  bj  fimiino  cr  the 
aword. 

Dejicicnnj  of  historical  records. — U  auch;  then,  be  the  amonnt  d 
ascertained  changes  m  the  last  160  years,  notvrithstanding  the  extreme 
deficiency  of  our  records  during  that  brief  period,  how  important  must 
we  presume  tlie  physical  revolutions  to  hare  been  in  the  course  of  thirty 
or  forty  centuries,  during  which  some  countries  habitually  con^•^llsed  hr 
earthquakes  have  been  peopled  by  civili^f^fi  nations  !  Towns  engulitd 
during  one  earthquak*'  niiiy,  by  repeated  siiocks,  have  sunk  to  great 
depths  beneath  the  suiluce,  while  the  ruins  remain  as  imperisbahle  a? 
the  hardest  rocks  in  whicli  they  are  inclosed.  Buildings  and  cities,  sub- 
merged, for  a  time,  beneath  seas  or  lakes,  and  covered  with  sedimentary 
deposits,  must,  in  some  places,  have  been  re-elevated  to  consideraUe 
heights  above  the  level  of  the  ocean.  The  signs  of  these  events  hafe. 
probably,  been  rendered  visible  by  subsequent  mutations,  as  by  the  sa« 
eroachmenta  of  the  sea  upon  the  coast,  by  deep  ezeaTations  made  bf 
torrents  and  rivets,  by  the  opening  of  new  ravinesy  and  chasms,  and  other 
effects  of  natural  agents*  so  actire  in  districts  agitated  by  anbkaiiDCii 
movements. 

If  it  be  ssked  why,  if  such  wonderful  monuments  exist»  so  few  have 
hitherto 'been  brought  to  light,  we  reply — because  they  have  not  beea 
seittehed  for.  In  order  to  rescue  from  oblivion  the  memorisb  of  former 
occurrences,  the  inquirer  must  know  what  he  may  reasonably  expect  tc 
discover,  and  under  what  peculiar  local  circumstances.  He  mast  be 
acquainted  with  the  action  and  effect  of  physical  causes*  in  order  to  no- 
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ugaiie,  explain,  and  describe  correctly  the  phenomena  when  they  pro 
tent  themaelves. 

The  belt  faiown  of  the  great  Tolcanie  r^ons,  of  which  the  bonodariei 
were  aketehed  in  the  twenty-eeoood  chapter,  is  that  which  includes 
SoBthem  Eorope*  Northern  Africa/  and  Central  Asia;  yet  neatly  the 
.whole,  eremof  this  region,  must  be  laid  down,  in  a  geological  mHp,  as 
**  Terra  Incognita,"  Even  Calabria  may  be  regarded  as  nnezplored,  as 
abo  Spain,  Portugal,  the  Barbary  States,  the  Ionian  Isles,  Asia  Minor, 
Cyprus,  Syria,  and  the  coontries  between  the  Caspian  and  Black  seas. 
We  are,  in  truth,  beginning  to  obtain  some  insight  into  one  small  9poi 
of  that  great  lone  of  Tolcanic  disturbance,  the  district  around  Na[Aes  ;  a 
tract  by  no  means  remarkable  for  the  violence  of  the  earthquakes  which , 
have  convulsod  it. 

If,  in  this  part  of  Campania,  we  are  enabled  to  establisli  tliai  vK)nsider- 
able  changes  in  tlie  relative  level  of  land  and  sea  have  taken  place  since 
the  Christian  era,  it  is  all  that  we  could  have  expected  ;  and  it  is  to  re- 
cent antiquarian  and  geoloi^ical  research,  not  to  history,  that  we  are 
principally  indebted  for  the  information.  I  shall  now  proceed  to  lay 
before  the  reader  some  of  the  results  of  modem  investigations  in  the 
Bay  of  Baice  and  the  adjoining  coast. 

TMOqfB  09  BLBVATION  AND  SUBSIDKirOI  IV  THB  BAT  OF  BAlii. 

Ten^ph  qf  Jupiter  Serapis. — This  celebrated  monument  of  antiquity, 
a  representation  of  which  is  given  in  the  frontispiece,*  affords  in  itseli 


Fig.  81 

MohU 
Barbaro. 
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alone,  unequivocal  evidence  that  the  relative  level  of  land  and  sea  has 
changed  twice  at  PozEOoli  since  the  Christian  era ;  and  each  movement, 

*  This  view  of  the  temple  ffabstituted  for  one  bj  A.de  Jorio^  given  ia  the  ear- 
lier  editions)  has  been  redaced  from  part  of  a  beantlAd  colored  orawbg  taken  in 

1886,  \rith  the  aid  of  tbo  camera  Incula,  by  Mr.  I'AnBon,  tu  illustrate  a  paper  by 
Mr.  Babboge  on  the  temple,  reml  Mnrch,  18S4,  and  pahliahod  in  tbo  Qoart  Joura. 
of  the  Geol.  ^oc  nf  Loaaon,  voL  iii.  Ib47. 
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botli  of  elevation  and  sabeidence,  has  exceeded  twepty  feet.  Bcfim 
examining  these  prgoft,  I  may  observe,  ibat  a  geological  extnuBalMi  ol 
the  coast  of  Bm,  bptb  on  the  north  ind  sooth  of  Pnsmoli,  cstshliito, 
in  the  most  satisfactoiy  manner,  an  elevation,  at  no  remote  period,  ol 
more  than  twenty  feet,  and,  at  one  point,  of  move  than  thirty  feet ;  and 
the  evidence  of  this  change  would  have  be«^a  completer  if  even  the  teni' 
pie  had,  to  this  day,  remained  undiscovered. 

Coafit  south  of  PuzzuoU. — If  we  coast  along  the  shore  from  Naples 
to  Puzzuoli,  we  find,  on  approaching^  the  latter  place,  that  the  lofty  and 
rrccipitous  cliffs  of  indurated  tuff,  n'.semblin|nr  that  ot"  whicli  Naples  is 
built,  ♦t'lire  slitjhtly  from  the  sea  ;  and  that  a  low  level  tract  of  fertile 
,  land,  of  a  very  different  aspect,  intervenes  between  the  present  sea-beach 
and  what  was  evidently  the  ancient  line  of  coast. 

The  inland  cliff  may  be  seen  opposite  the  small  island  of  Ni>ida,  about 
two  miles  and  a  half  southeast  of  Puzzuoli  (see  Maji,  tio^.  40.  p.  361). 
where,  at  the  height  of  thirty-two  feet  above  the  level  of  tiie  ^ea,  Mr. 
Babbage  observed  an  ancient  mark,  such  as  might  have  been  worn  by 
the  waves ;  and,  upon  farther  exaaunadoa,  discovered  that,  aloog  tbot 
line,  the  face  of  the  perpendicular  rock,  consisting  of  very  hard  tuC  wts 
covered  witb  barnacles  {Balanvit  wUattiu,  Lamk.),  and  drilled  hj  boriog 
«^tBcea.  8ome  of  the  hoHowa  of  the  lithodomi  eontained  the  tbelb ; 
ThF-  ^>  A .  while  othe»  were  filled  with  the  vslfcs  of 

a  species  of  .A  yea.*  Nearer  to  PoBnoli, 
the  in!and  c!Iif  is  eighty  feet  high,  and  ^ 
pcrperidic'ulp.r  as  if  it  was  still  ttDdermiDed 
by  the;  w^.ves.  At  its  base,  a  new  deposit, 
con^'.titutin^  the  fertile  tract  above  alluded 
'.o,  attair.s  a  height  of  about  twenty  feet 
above  the  sea ;  and,  since  it  is  composed 
Antiqniiies  on  hill  B.  E.  cfPoBMU  i»f  r«gular  scdimcntarv  deposit^,  containing 
iSSdlJ  i;::^' "lar'r-  marine  shells,  its  position  proves  that,  sub- 

rtSSqSStt.^*^  sequently  to  its  formation,  there  hn>  been  a 

change  of  more  than  twenty  feet  iu  ^ 

relative  level  of  land  and  st-a. 

The  soa  encroaches  on  these  new  iiiculieicnt  stratii ;  and  as  the  soil  is 
valuable,  a  wall  has  been  built  for  its  protection  ;  but  when  I  visited  the 
spot  in  1828,  the  waves  had  swept  away  part  of  this  rampart,  and  ex- 
posed to  view  a  regular  series  of  strata  of  tuff,  more  or  less  argilUceous, 
alternating  with  beds  of  pumice  and  lapilli,  and  containing  great  abun* 
dance  of  marine  shells,  of  species  now  common  on  this  coast,  and  amongst 
them  Cardium  ruslicum,  Ostrea  edulis,  Donax  <nmcu/iw.  Lank.,  sad 
others.  The  strata  vary  from  about  a  foot  to  a  foot  and  a  half  in  tliiiik* 
ness,  and  one  of  them  eontaina  abundandy  remams  of  works  of  art,  tiki, 
squares  of  monie  pavement  of  diflferent  cotors,  and  small  sculptured  or* 

♦  Mr.Babbafire  examined  this  <po\  in  company  with  Sir  Kdmund  Head  in  Jui'i 
1828,  and  has  shown  me  numerous  opectmeos  of  the  shells  collected  there,  sod  ii 
the  Temple  of  Sen^ 
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naments,  peifeotly  uoinjiifed.  Intermiiied  wilii  these  I  collected  aome 
teeth  of  the  pig  and  ox.  These  fragments  of  bnUdiiig  occur  bebw  is 
well  as  above  strata  containing  marine  shells.  PoBUoli  itself  stands 
chiefly  on  a  promontory  of  the  older  tufiiceous  formation,  which  cute  ofl 
the  new  deposit,  although  1  detected  a  small  patch  of  the  latter  inagsr 
den  under  the  town. 

From  the  town  the  ruins  of  a  mole,  called  Caligula's  Bridge,  run  out 
into  the  sea  (see  fig.  88,  p.  509).*  This  mole,  which  is  believed  to  bo 
eiorhteen  centuries  old,  consists  of  a  number  of  piers  and  arches,  thirteen 
of  which  are  now  standing,  and  two  others  appear  to  have  bft  n  over- 
thrown. Mr.  Babbage  found,  on  the  sixth  pier,  porfoniiiciis  of  liiho- 
domi  four  feet  above  the  level  of  the  sea  ;  and,  near  the  termination  of 
the  mole  on  the  last  pier  but  one,  marks  of  the  same,  ten  feet  above  the 
level  of  the  sea,  together  with  great  numberB  of  balani  and  flnstrs.  The 
depth  of  the  sea,  at  a  very  small  distance  from  most  of  the  pien,  h 
from  thirty  to  fifty  feet. 

Ooatt  norik  t^FwatuoU. — ^If  we  then  pass  to  the  north  of  PandK, 
and  esamme  the  const  between  that  town  and  Monte  Noovo^  we  find  s 
repethkm  of  amdogoos  phenomena.  The  sloping  sides  of  Moots  Bsriisra 
slant  down  within  a  short  distance  of  the  const*  and  tennioate  in  an 
inland  cliff  of  moderate  elevation,  to  which  the  geologist  pemivei  at 


 *<^Vv\^v\S\V\vvsS> 

a.  Remains  of  Cicero's  villa,  N.  side  of  Pozxuoli.t  AneUBk  dtf  aov  hind 

e.  Terrace  (called  La  Btana)  composed  of  recent  tubmarlne  depotita. 
1^  T«npl«flC8«i|i(k 

once  that  the  sea  must,  at  some  former  period,  have  extt-nded.  Hetwoen 
this  cliff  and  the  sea  is  a  low  plain  or  terrace,  called  La  Starza  {c,  tig.  89). 
corresponding  to  that  before  described  on  the  southeast  of  the  town ; 
and  as  the  sea  encroaches  rapidly,  fresh  sections  of  the  strata  tuay  readilj 
be  obtaint-d,  uf  which  the  annexed  is  an  example. 

Section  on  the  shore  north  of  the  town  of  Puzzuoli : — 

VLb. 

1.  Ye^tabU  soil  10 

i,  HoriaQOtal  beds  of  pumice  and  acorie,  with  broken  fragments  of  on- 
rolled  brieka,  booea  of  animala,  and  omrine  abells  •      -      -     •  1  • 

8.  Beda  of  lapilli,  containing  abundance  of  marine  shells,  principally  Cte^ 
dium  ruiticwnyDon<uc  truneulut.  Lam.,  Ostrta  edulit,  Triton  cutacevm, 
Lam.,  and  Buccinum  terratum,  Brocchi,  the  beds  varying  in  tliickness 
from  one  to  eighteen  inches  -       -       -       -       -       -       -      -10  0 

4.  Argillnceous  tutT,  containing  bricka  and  firagmenta  of  bdildiogt  not 

rounded  by aiihiion    -     •-      -      -      -      -      «      .  -16 

*  Thia  view  h  taken  from  Sir  W.  HMnllton.  Compi  Phlegnei,  plate  2^1. 

I  This  ppot  her*  indicated  on  the  summit  of  the  cliff  is  that  from  whioh  Hanii: 
ton's  view,  plate  26,  Campi  Pblegrai  (reduced  in  lig.  88,  p  609)  is  takeu,  aitd  oi 
whiriv  be  aftya^  Oioero^a  tiUa,  Called  the  Aeademia,  andontly  atood. 
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Th«  thiclnMwa  of  numy  of  tfaete  beds  Taries  gresOy  as  we  trace  them 
along  the  Bhon,  and  sometimes  the  whole  gronp  nsestoagxeater  hdght 
tfasa  at  the  point  above  described.  The  surilwe  of  the  tiaet  which 
they  compose  appears  to  dope  gently  upwaids  towards  the  base  of  the 

old  cMs, 

Now,  if  such  appearances  presented  themselves  on  the  coast  of  £ng- 
laadi  a  geologbt  might  endeavor  to  seek  an  explan^on  m  some  local 
change  in  the  set  of  the  tides  and  currents  :  but  there  are  scarce  any 
lido?  in  the  Mediterranean  ;  nnri,  to  suppo?n  the  sea  to  have  sunk  gen- 
erally from  twenty  to  twenty  live  feet  since  ihe  shores  of  Campania  were 
covered  with  sumptuous  buildings  is  an  liypothesis  obviously  untenable. 
The  obscrvatiDns,  indeed,  made  during  uiodcra  survovs  on  the  moles 
and  cothons  (docks)  constructed  by  the  ancients  in  vanous  ports  of  the 
Mediterranean,  have  proved  that  tiiere  has  been  no  sensible  variation  of 
level  lu  that  sea  during  the  last  two  thousand  years.* 

Thus  we  arrive,  without  the  aid  of  the  celebrated  temple,  at  the  cou- 
elnsioD,  that  the  recent  marine  deposit  at  Pomnoli  was  upraised  in 
modem  times  above  the  levd  of  the  sea,  and  that  not  only  this  change 
of  poiition,  bnt  the  acenmntotion  of  the  modern  strata,  was  posterior  to 
the  dsttnietkm  of  many  edifices,  of  which  they  contain  the  imbedded 
remains.  If  we  next  examme  the  evidence  afforded  by  the  temple 
itself,  it  appears,  from  the  most  authentic  accounts,  that  the  three  pillan 
now  standing  erect  continued,  down  to  the  middle  of  the  last  century, 
shnost  buried  in  the  new  marine  strata  (c,  fig.  89).  The  upper  part  of 
each  protruding  several  feet  above  the  surface  was  concealed  by  bushes, 
and  had  not  attracted,  until  the  year  1740,  the  notice  of  antiquaries; 
but,  when  the  soil  was  removed  in  1 760,  they  were  seiin  to  form  part 
of  the  remains  of  a  splendid  edifice,  the  pavement  of  which  was  still 
preserved,  and  upon  it  lay  a  number  of  columns  of  African  breccia  and 
of  granite.  The  original  plan  of  the  building  could  be  traced  distinctly : 
it  was  of  a  qimdrangular  form,  seventy  feet  in  dl.imeter,  and  the  roof 
had  been  supported  by  forty-six  noble  column.-;,  twenty-four  of  granite 
and  the  rest  of  marble.  The  large  court  was  surrounded  by  apart- 
ments, supposed  to  have  been  used  as  bathing-rooms ;  for  a  thermal 
spring,  still  used  for  medicinal  purposes,  issues  just  .behind  the  building, 
and  the  water  of  this  spring  appears  to  have  been  originally  conveyed 
by  a  marble  duet,  stiU  extant,  into  the  chambeiB,  and  then  aerom  the 
pavement  by  a  groove  an  inch  or  two  deep,  to  a  oonduit  made  of  Roman 
bridcwork,  by  which  it  gained  the  sea. 

Many  antiquaries  have  entered  into  elaborate  discussions  as  to  the 
deity  to  which  this  edifice  was  consecnited.  It  is  admitted  thai,  among 
other  images  found  in  excavatmg  the  ruins,  there  was  one  of  the  god 
Serspis;  and  at  Puzzuoli  a  marble  colonm  was  dug  up,  on  which  was 
carved  an  ancient  inscription,  of  the  date  of  the  building  of  Rome  048 
(or  B.  o.  105),  entitled  "  Lex  parieti  &ciundo."   This  inscription,  written 
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raamM  or  jupiibb  saum, 


in  very.  Obtenre  Latin,  sets  forth  a  contract,  between  the  mnnlcipaliij  of 
the  to\ni,  and  a  company  of  builders  who  undertook  to  keep  in  repair 
certain  public  edifices,  the  Temple  of  Serapis  being  mentioned  amongst 
the  rest,  and  described  as  being  near  or  towards  tlio  sea,  *'  mare  vonsum." 
Sir  Kdmund  Hmd,  after  studying,  in  1828,  the  topogrnphy  and  anti- 
quities ul'  this  distnct,  and  the  Greek,  Roman,  and  Italian  writers  on  the 
subject,  informed  me,  that  at  Alexandria,  on  tiie  Nile,  the  ciiief  seat  of 
the  worship  of  Serapis,  there  was  a  Serapoum  of  the  same  form  as  thi« 
temple  at  i'uzzuoli,  and  surrounded  in  like  manner  by  chambers,  in 
which  the  devotees  were  accustomed  to  pass  tlic  night,  in  the  hope  of 
reoeiving  during  sleep  a  revelation  from  the  god,  as  to  the  nature  and 
cure  of  their  ^sefesei.  Hence  it  was  yery  aatuial  that  the  priests  of 
Serapis,  a  pantheistie  divinity,  who,  among  other  usurpations,  bad  ip- 
propriated  to  himself  the  attributes  of  Esculapius,  should  regard  tlie 
hot  spring  as  a  snitahle  appendage  to  the  temple,  although  the  origtml 
Seiapeum  ol  Alexandria  could  boast  no  such  medtoinal  iraten.  Sigoor 
Caidli*  and  othera,  in  objecting  to  these  views,  have  inusted  on  the 
^  &ct»  that  the  worship  of  Serapis,  which  we  know  prevailed  at  Home  in 
the  days  of  Catullus  (in  the  first  century  before  Christ),  was  prohibited 
by  the  Roman  Senate,  during  the  reign  of  the  Emperor  Tiberius.  But 
there  is  little  doubt  that,  during  the  reigns  of  that  emperor's  successors, 
the  shrines  of  the  Egyptian  god  were  again  thronged  by  zealous  vota- 
ries ;  and  in  no  place  more  so  than  at  Putcoli  (now  PuzSttoU),  ooe  (rf 
the  principal  marts  for  the  })roduce  of  Alexandria. 

Without  enterinc;;  farther  into  an  inquiry  which  is  not  stncily  i^t^lo- 
gical,  1  shall  designate  this  valuable  relic  of  antiquity  by  its  generally 
received  name,  and  proceed  to  consider  the  memorials  of  ])liy>ic.ij 
changes  inscribed  on  the  three  standing  columns  in  most  legible  chnnc- 
ters  by  liand  of  Nature.  (See  Frontispiece.)  l  ije>-(3  pillars,  which 
have  been  carved  each  out  of  a  single  block  of  marble,  arc  forty  feet 
three  -inches  and  a  haJf  m  height  A  horizontal  fissure  nearly  inte^ 
sects  one  of  the  columns ;  the  other  two  are  entire.  They  are  all 
slightly  out  of  the  perpendicuhtf,  tncUning  somewhat  to  the  aouthwesti 
that  is,  towards  the  sea»f  Thar  surface  is  smooth  and  umnjured  to  the 
height  of  about  twebre  feet  above  theur  pedestals.  Above  this  b  a  lone, 
about  nme  feet  in  height*  where  the  marble  has  been  pierced  by  a  spe^ 
cies  of  marine  perforating  bivalve — LitkoeUmut,  Cuv.J  The  hdes  of 
th^e  animals  are  pear-shaped,  the  external  opening  being  minute,  sail 
gradually  increasing  downwards.  At  the  bottom  of  the  cavities,  many 
shells  an  still  found,  notwithstanding  the  great  numbeis  that  have  been 

*  1>is«ertSBone  solla  Sagra  Arehitteturs  degU  Antlehl 

f  This  appcara  from  tho  nioasurcment  of  Captain  Hasil  Hall,  R.  N.,  Proceeil- 
ings  of  GeoL  Soo,  Na  88,  p.  1 14  ;  seo  also  Patchwork,  by  the  same  author,  Td.iiL 
p.  158.  Tho  fact  of  the  three  staodiog  columns  having  been  each  formed  onitt 
a  single  stone  was  first  pointed  <mt  to  mc  by  Mr.  James  WaU,  i*^  it  kopartrnkfU 

bclpinfi;  to  explain  why  ih'-y  wrre  not  shaken  dovrn. 
\  Modioia  iithophat/Of  Laiu.    Mtftilut  lUhophoffVs^  Linit. 
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taken  out  by  visitors ;  in  many  the  valves  of  a  spedes  of  area,  ^n  uii- 

mal  which  conceals  itself  in  small  hollows,  occur.  The  perforations  are 
so  considemblo  ia  depth  nnd  size,  thai  they  manifest  n  Innrr-continned 
abode  of  the  lithodomi  in  the  columns,  for,  as  the  mh  il  iiaiiL  L;rows 
older  and  increases  in  size,  it  bon  s  a  larsrer  cavity,  to  correspond  with 
the  increased  magnitude  i  t  its  shell.  We  must,  consequently,  infer  a 
long-coniitiued  immersion  ot  ilie  pillars  in  sea-water,  at  a  time  when  the 
lower  part  was  covered  up  and  protected  bv  niaiHie,  fresh- water,  and 
volcanic  straLii,  afterwards  to  be  described,  and.  by  the  rubbish  of  build- 
ings ;  the  highest  part,  at  the  same  time,  projecting  above  the  waters, 
ttd  being  consequently  weathered*  bat  not  materially  injured.  (See  6g. 
90,  p.  514.) 

On  the  pavement  of  the  temple  lie  some  coltunns  of  marble,  which  an* 
abo  perfoTBted  in  certain  pfvta ;  one,  for  eiample,  to  the  length  of  eight 
feet,  while,  for  the.  length  of  four  feet,  it  is  umnjnred.  SeveFal  of  these 
bnken  columns  are  eaten  mto,  not  only  on  the  exterior,  but  on  the  cross 
fracture,  and,  on  some  of  them,  other  marine  animals  (serpulae,  &c.)  have 
gied  themselves.^  ^1  the  granite  pillan  are  untouched  hj  lithodomi. 
The  platform  of  the  temple,  which  is  not  perfectly  even,  was,  when  I 
fiated  it  in  1828,  about  one  foot  below  high-water  mark  (for  there  are 
small  tides  in  the  bay  of  JTaples)  ;.and  the  sea,  which  was  only  one  hun- 
dred feet  distant,  soaked  through  the  intervening-  soil.  The  upper  part 
of  the  perforations,  tliereforc,  were  at  I»  a>t  twentv-three  feet  above  hii^h- 
water  mark  ;  and  it  is  clear  that  the  (  olimins  must  have  continued  for  a 
longtime  in  an  erect  position,  iniMiriscd  ni  salt  water,  and  then  the  sub- 
merged portion  must  have  been  upraised  to  the  height  of  about  twenty* 
ibrei?  feet  above  the  level  of  the  sea. 

By  exi:avations  tarried  on  in  1828,  below  the  marble  pavement  on 
which  the  columns  stand,  another  costly  pavement  of  mosaic  wiu>  found, 
St  the  depth  of  about  five  feet  below  the  upper  one  (a,  b,  fig.  90).  The 
omtenee  of  these  two  pavemento,  at  different  kvela,  clearly  implies  some 
snlnidence  previously  to  the  bnildiog  of  the  more  modem  temple  which 
bad  rendered  it  necessary  to  construct  the  new  floor  at  a  higher  level. 

We  hare  aheady  seen  (p.  513)  that  a  temple  of  Serapis  existed  long 
before  the  Christian  era.  The  change  of  level  just  mentioned  must  have 
tslKn  plac^  some  time  before  the  end  of  the  second  century,  for  inscrip- 
tiom  have  been  found  in  the  temple,  from  which  we  learn  that  Septimius 
Seveius  adorned  its  walls  with  precious  marbles,  between  the  years  194 
sad  211  of  our  era,  and  the  emperor  Alexander  Sevcrus  displayed  the 
like  munificence  between  the  years  222  and  235.f  From  that  era  there 
is  an  entu-e  dearth  of  historical  information  for  a  powd  of  more  than 
twelve  centuries,  except  the  significant  fact  that  Alaric  and  his  Goths 
sacked  Puzzuoh  in  4o6,  and  that  Genseric  did  the  like  in  545,  a.  t>.  Yet 
we  have  fortunately  a  series  of  natural  archives  self-registered  during  the 

*  Berpvla  eomtvrimlieata.  Linn.,  and  Vermitia  triqmtrc^  Lots.  Time  ^Mciea, 
09  Well  as  the  Lithodomxa,  are  now  inhabttanta  of  the  neighboRng  lea. 
\  BmsUk,  V07.  dans  la  Oampanie,  torn.  ii.  167. 
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dark  tagea,  by  which  many  events  which  occurred  in  and  about  the  tern* 
pic  are  revealed  to  us.  These  natural  records  conatt  partly  of  deposits, 
which  envelop  the  pillars  below  the  zone  of  lithodomous  perforations,  ^d 
partly  of  those  which  surround  the  outer  walls  of  the  temple.  Mr, 
Babbai^o,  after  a  minute  examination  of  these,  has  shown  (see  p.  507,  note) 
that  incrustations  on  the  walls  of  the  exterior  chambers  and  on  the  floor 
of  the  building  demonstrate  that  the  pavement  did  not  sink  down  sud- 
denly, but  was  depressed  by  a  rrradual  movement.  The  sea  first  entered 
the  court  or  atrium  and  mingled  its  waters  partially  with  those  of  the 
hot  spring.  From  this  brackish  inediura  a  dark  calcareous  precipitate 
(c  c,  lig.  00)  was  thrown  down,  which  became,  in  the  course  of  time, 


Fig.  9a 

A 


Tmpto  of  Benpis  At  Its  periftd  of  gmtosl  depiwrfoa. 


I*  d,  Anriont  mosaic  pavemoDt  Freshwater  ctloucoot  d^OftU 

ee,  1 ';irk  tn  irino  incrustation.  ./^'^  Second  flUlog Qpk 

ddf  first  Ming  up^  sbgwsr  o(  Mh«k  A,  Stsidlum. 

more  tlian  two  feet  thick,  including  some  serpul.e  in  it.    The  presence  of 
these  annelids  tcaclies  us  that  the  water  was  salt  or  brackish.   After  tliis 
period  the  temple  was  filled  up  with  an  irregular  mass  of  volcanic  tuff 
(d  d,  fig.  90),  probably  derived  from  an  eruption  of  the  neighboring 
crater  of  the  Solfatara,  to  the  height  of  from  five  to  nine  feet  above  the 
pavement.    Over  thb  again  a  purely  freshwater  deposit  of  carbcmate  €/t 
lime  (e  e,  fig.  00)  aoenmulated  with  an  uneven  bottom  ainoe  it  neccDaarDy 
accomiviodated  itself  to  the  Irregular  outline  of  the  upper  auiftee  of  the 
volcanic  ahower  before  thrown  down.  The  top  of  the  aame  deposit  (a 
freshwater  fimeatone)  waa  perfeoUj  even  and  flat,  bespeakmg  an  ancient 
water  level.   It  ia  anggeatod  by  If r.  Babbage  that  thia  freshwater  lake 
nuj  have  been  caused  by  the  fall  of  ashes  which  choked  up  the  channel 
previously  conununicAUng  with  the  sea,  so  tint  the  hot  spring  tbiew 
down  calcareous  matter  in  the  atrium,  without  any  marine  intermixture. 
To  the  freshwater  limestone  succeeded  another  irregular  mass  of  volcanic 
aahea  and  rubbish  (//» fig.  90),  some  of  it  pethaps  washed  in  by  the 
waves  of  the  sea  during  a  storm,  its  surface  rising  to  ten  or  eleven  feet 
above  the  pavement.    And  thus  we  arrive  at  the  period  of  greatest 
depression  expressed  in  the  accompanying  diagram,  when  the  los^  er  half 
of  the  pillars  were  enveloped  in  the  deposits  above  enumerated,  and  the 
uppermost  twenty  feet  wore  exposed  in  the  atmosphere,  the  rem.iijiing 
or  middle  portion,  about  nine  feet  long,  being  for  years  immersed  in  salt 
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water  and  drilled  by  porforaiinij  bivalves.  After  this  period  othci  strata, 
consisting  of  showers  of  volcanic  ashes  and  materials  washed  in  during 
storms,  covered  up  the  pillars  to  the  height  in  some  places  of  thirty-live 
feet  above  the  pavement.  The  exact  time  when  these  enveloping  masses 
were  heaped  up,  and  how  much  of  them  were  formed  during  submer- 
gence, and  how  much  after  the  re-elevation  of  the  temple,  cannot  be 
made  out  with  certainty. 

The  period  of  deep  snbmcigeiiee  was  certBinly  aoteeedeat  to  the  doee 
of  the  fifteenth  oeiitiiry»  Prafeaeor  James  Forbes*  has  reminded  us  of 
a  passage  in  an  old  Italian  writer  Loffredo,  who  says  that  in  1580,  or 
fifty  yean  before  he  wrote,  whioh  was  in  1680,  the  sea- washed  the  base 
ef  the  hills  which  rise  from  the  flat  land  called  La  Starsa,  as  represented 
in  fig.  00,  HO  that,  to  quote  his  words,  **  a  person  might  then  have  fidied 
from  the  nte  of  those  ruins  which  are  now  called  the  stadium"  (A, 
fig.  90). 

But  we  know  from  other  evidence  that  the  upward  movement  had 
begun  before  1530,  for  the  Canonico  Andrea  di  Jorio  cites  two  authen- 
tic documents  in  illustration  of  this  point.  The  first,  dated  Oct.  1503, 
is  a  deed  written  in  Italian,  by  which  Ferdinand  and  Isabella  grant  to 
the  University  of  Puzzuoli  a  portion  of  land,  "where  the  sea  is  drying 
np"  (che  va  seccando  el  mare);  the  second,  a  document  in  Latiti,  dated 
M;iy  23,  1511,  or  nearly  eight  yenrs  after,  by  which  Ferdinand  Ljianta 
to  tlie  city  a  certain  territory  around  Puzzuoli,  where  the  ground  is  dried 
up  from  the  sea  (desiccatum)  f 

The  principal  elevation,  however,  of  the  low  tract  unquestionably  took 
place  at  the  time  of  the  great  eruption  of  Monte  Nuovo  in  1538.  That 
event  and  the  earthquakes  which  preceded  it  have  been  already  de- 
Mnbed  (p.  3G8) ;  and  we  have  seen  that  two  of  the  eye-witnesses  of  the 
eoDiidfiioD,  Falconi  and  Giacomo  di  Toledo,  agree  in  declaring  that  the 
tea  abaadofied  a  eonsiderable  tiact  of  the  shore,  so  that  fish,  were  taken 
I17  the  inhabitants ;  and,  among  other  things,  Faleoni  mentions  that  he 
tsw  two  springs  m  the  mwfy  dUeovend  mint. 

The  flat  land,  when  first  upraised,  must  have  been  moie  extensive  than 
now,  for  the  sea  encroaches  somewhat  rapidly,  both  to  the  north  and 
loadieast  of  PusEuoli.  The  ooasf  had,  when  I  examined  it  in  1 828,  given 
way  more  than  a  foot  in  a  twelvemonth;  and  I  was  assumed,  by  fisher' 
sen  in  the  bay,  that  it  Has  lost  ground  near  Punuoli,  to  the  extent  of 
thirty  feet,  within  their  memory. 

It  is,  moreover,  very  probable  that  the  land  rose  to  a  greater  height 
at  first  before  it  ceased  to  move  upwards,  than  the  level  at  which  it  was 
observed  to  stand  when  the  temple  was  rediscovered  in  1Y40,  for  we 
learn  from  a  memoir  of  Niccolmi,  published  in  1838,  that  since  the  be- 
frinning  of  the  nineteenth  century,  the  temple  of  Sorapin  has  subsided 
liiuie  than  two  feet.  That  learned  architect  visited  the  ruins  frequently, 
for  the  sake  of  making  drawings,  iu  the  beginning  of  the  year  1807,  and 

•  Ed.  Journ.  of  Sclonco,  new  series,  Na  TL  p.  281. 
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was  in  the  habit  of  reraaininir  tliere  throughout  the  day,  yet  nerer  saw 
the  pavement  overflowed  by  the  «ea,  except  occasionally  when  th«  iouth 
wind  blew  violently.  On  liis  return,  sixteen  years  after,  to  superintend 
some  excavations  ordered  by  the  king  of  Naples,  he  found  the  pavemoit 
eovered  by  sea-water  twioe  every  day  at  high  tide,  so  tint  he  hm 
obliged  to  place  there  a  line  of  stones  to  stand  upon.  This  indveed  hn 
to  make  a  series  of  observations  from  Oct  1822  to  July  1838,  by  wIM 
means  be  ascertained  that  the  ground  had  been  and  was  sinldngp  at  tbe 
average  rate  of  about  aeven  miltunettea  a  year,  or  about  one  iaeb  in  foor 
years ;  so  that»  in  1888,  fish  were  caught  evefy  day  on  that  part  of  tbt 
pavement  where;  in  1807,  there  was  never  a  drop  of  water  in  cdm 
weather.* 

On  inquhing  still  more  recently  as  to  thn  condition  of  the  t«mple  and 
the  continuance  of  the  sinking  of  the  ground,  X  learn  from  Sigoor 
ficacchi  in  a  letter,  dated  June  1852,  that  the  downward  movement  hm 
ceased  for  several  yeare,  or  has  at  least  become  almost  inappre^itW' 
DiTfing^  an  examination  undcrUiken  by  him  at  my  request  in  the  summer 
of  that  year  (183'J),  he  ob«;erved  that  the  rising  tide  spn  nd  first  over  the 
seaward  side  of  the  flat  surface  of  the  pedestals  of  eacli  colamn  (con- 
firming the  fact  previously  noticed  by  others,  tliat  they  are  out  ol  the 
perpendicular)  ;  and  he  al.so  remarked  that  the  water  i^aincd  unequally 
on  the  base  of  each  pillar,  in  such  a  manner  as  to  prove  that  they  have 
neither  tlic  sauiu  amount  of  incimatiou,  nor  lean  precisely  in  Uie  same 
direction. 

From  what  was  said  before  (p.  510),  we  saw  that  the  marine  sbdb 
in  the  strata  fonmng  the  plam  called  La  8tarm»  oonaidered  wepu^* 
establish  the  fact  of  an  upheaval  of  the  ground  to  the  height  of  tvQity* 
three  feet  and  upwards.  The  temple  proves  much  more,  bectaM  it 
could  not  have  been  built  originally  under  water,  anj  must  tbeiefoK 
first  have  sunk  down  twenty  feet  at  least  below  the  waves,  to  be  ift^ 
wards  Stored  to  ila  original  position.  Yet  if  aueh  waa  the  order  of 
events  we  ought  to  meet  with  other  independent  signs  of  a  like  subsi- 
dence round  the.  margin  of  a  bay  once  so  studded  with  buildiBgii>  ^ 
Bay  of  Bain.  Accordingly  memorials  of  such  submergence  are  not 
wanting.  About  a  mile  northwest  of  the  temple  of  Serapis,  and  about 
600  feet  from  the  shore,  are  the  ruins  of  a  temple  of  Neptune  and  o^^^^ 
of  a  temple  of  the  Nymphs,  now  under  water.  The  colomns  of  the 
former  editice  stimd  erect  in  five  feet  water,  ^heir  upper  portions  jii-*' 
rising  to  the  surface  of  the  sea.  The  pedestals  are  doubtless  buried  w 
the  sand  or  mud  ;  so  that,  if  this  jiart  of  the  bottom  of  tlie  bay  sbould 
hereafter  be  elevated,  the  exhumation  of  these  t»»mples  might  take  pla^ 
after  tlie  manner  of  that  of  Serapis.  lioth  these  buildings  probably  J*'* 
ticipated  in  the  movement  which  rais«'d  the  Starza  ;  but  either  they  fere 
deeper  under  water  than  tbe  temple  of  Berapis,  or  they  were  not  raised 

•  Tavols  Metriea  Chronologica,  <tc  Najioli,  1888.  Mr.  Smith,  of  Jordan  HiU 
writiiKj;  ift  1'*-1T.  catim.ited  the  rate  of  Bubsiflenc^^  at  that  period,  at  oiwi*'**** 
onillj^.    V4uaru  Jvurn.  GeoL  8oc  vol  iii.  p.  287. 
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up  agam  lo  so  great  a  height.  There  are  also  two  lloman  roads  under 
water  ia  the  bay,  one  reaching  from  Puzzuoli  to  the  Lucrine  Lake,  which 
may  attU  be  seen,  and  the  other  near  the  eaaUe  of  Baits  (No.  8,  iig.  88. 
p.  500).  Tfae  aneient  mole,  too,  of  PmnioU  (No.  4,  ibid.)  before  alluded 
to.  b«8  tbe  water  up  to  a  coitfiderable  bdg^t  of  the  aiebes ;  whereas 
Briesfaik  justly  obsemsr  it  is  next  to  eeitain  that  the  piers  most  formerly 
have  reached  the  svrface  before  the  springing  of  the  arehes  ;*  so  that, 
altboagh  the  phenomena  Jbefore  described  prove  that  this  mole  has  been 
vpUf ted  ten  feet  above  the  level  at  which  it  once  stood,  it  is  still  evident 
thai  it  baa  not  yet  been  restored  to  its  original  position. 

A  modem  writor  also  reminds  us,  that  these  effeeti:  arc  not  so  local 
aa  aome  would  have  us  to  believe ;  for  on  the  opposite  side  of  the  Bay 
of  Naples,  on  the  Soneatine  coast»  which,  as  well  as  Puzzuoli,  is  sub- 
ject to  enrthqoakes,  a  road,  with  some  fragments  of  Komftn  buildings, 
is  covered  to  some  depth  by  the  sea.  In  the  island  of  Capri,  also, 
which  is  iiitiiated  sonic  way  out  at  sea,  in  the  opcninof  of  the  Bay  of 
Naples,  ane  of  llie  palaces  of  Tiberius  is  now  covered  with  water.f 

That  buildings  should  have  been  submerged,  and  afterwards  up- 
heaved, without  being  entirely  reduced  to  a  heap  of  niins,  will  appear 
no  anomaly,  when  vre  recollect  that,  in  the  year  1810,  when  the  delta 
of  the  Indns  sank  down,  the  houses  within  the  fort  of  Sindree  subsided 
bciieath  tlie  waves  without  being  overthrown.  In  like  manner,  in  the 
year  1G02,  the  buildings  round  the  harbor  of  Port  Uoyal,  in  Jamaica, 
descended  suddenly  to  the  depth  of  between  thirty  and  fifty  feet  under 
the  sea  without  fislling.  Even  on  small  portions  of  land  transported  to 
a  djaftanee  of  a  mile  down  a  deelivity,  tenements,  like  those  near  Mikt^, 
ID  Calabria,  were  eaiiied  entire.  At  Valparaiso  boildii^  were  left 
ataading  in  1822,  when  their  foundations,  together  with  a  long  tract  of 
the  Chilian  coasi,  were  permanently  upraised  to  the  height  of  several 
feeA.  It  ar  still  more  easy  to  conceive  that  an  edifice  may  escape  falling 
dming  the  upheaval  or  subsidence  of  land,  if  the  walls  are  supported 
on  tbe  exterior  and  interior  with  a  deposit  like  that  which  surrounded 
'  and  filled  to  the  height  of  ten  or  eleven  feet  the  temple  of  Serapis  all 
the  time  it  was  sinking,  and  which  enveloped  it  to  more  than  twice 
that  liei^t  when  it  was  rising  again  to  its  original  level. 

We  can  scarcely  avoid  the  conclusion,  as  Mr.  Babbage  has  hinted, 
•*  that  the  action  of  heat  is  in  some  way  or  other  the  cause  of  the  phe- 
nomena of  the  change  of  k'vel  of  th»'  temple.  Its  own  hot  spring,  its 
irnmediate  conliijuitv  to  the  Solfatara,  its  nearness  to  the  Monte  Nuovo, 
the  h"(  -prinQT  at  the  baths  of  Nero  (No.  6,  fig.  88),  on  the  opposite 
side  ot  ilic  liay  of  Baiae :  the  boiling  springs  and  ancient  volcanoes  of 
laobia  on  one  side  and  Vesuvius  on  the  other,  are  the  most  prominent 

*  Yoy.  dans  la  Campanie,  tome  -iL  p.  1 62. 

f  Mr.  Forbes,  Physical  Notices  of  the  Bay  of  Nnploa  Ed.  Jonrn.  of  Sol,  Ka 
IL,  new  series,  p.  280.  October,  182*.  When  I  visited  Puzzuoli,  and  arrivotl  at 
th^  n^v>v.«  noncliwiona,  I  knew  nothins^  of  Mr.  Forbes'a  obaerrationfl^  which  I  first 
aaw  oa  my  ruturu  to  England  tho  year  folio wii^. 
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of  a  multitude  of  fteto  wbioh  point  to  thai  oooduBkm.*'*  Aadvbai 
we  reflect  on  the  dates  of  the  prineipBl  oedllatimM  of  ]eve1,  and  the 
volcanic  bietoiy  of  the  ooanti^  before  described  (ehaj^.  29),  we  seem  lo 
discover  a  ooDoectioQ  between  each  era  of  upheaval  and  a  local  deiil> 
opment  of  volcanic  heat»  apd  again  between  each  era  of  deprossioa  sad 
the  local  qiuesoenee  or  dormant  condition  of  the  snbtenanean  jgneon 
causes.  Thus  for  example,  before  the  Christian  era,  when  so  nuuiy 
vents  were  in  frequent  eruption  in  Ischia,  anc^when  Avemos  and  other 
points  in  the  Phlegnean  Fields  were  celebrated  for  their  volcaaie  aqieet 
and  character,  the  ground  on  which  the  temple  stood  was  several  feet 
above  wator.  Vesuvius  was  then  regarded  as  a  spent  volcnno;  bat 
when,  after  the  Christian  era,  the  fires  of  tliat  mouniain  were  rekindled, 
scarcely  a  single  ontbnrst  was  ever  witnessed  in  lochia,  or  around  the 
Bay  of  Baiee.  Then  the  tempk  was  sinking.  Vesuvius,  at  a  subsequent 
period,  became  nearly  dormant  for  five  centuries  preceding  the  great 
outbreak  of  1631  (see  p.  874),  and  in  that  internal  tlio  Solfatara  was 
in  eruption  a.  d.  1198,  Ischia  in  1302,  and  Monte  2\uovo  wa:j  formed  in 
1538.  Then  the  ioundations  on  which  the  temple  stood  were  rising 
again.  Lastly,  Vesuvius  once  more  became  a  most  active  vent,  and  has 
been  so  ever  since,  and  during  the  same  lapse  of  time  the  area  of  the 
temple,  so  far  as  we  know  any  thing  of  ita  history,  has  been  subnfiag. 

These  phenomena  would  agree  well  with  the  hypothesis,  that  when 
the  subterrsnean  heat  is  on  the  increase,  and  when  lava  b  fonning 
without  obtaining  an  easy  vent,  like  that  afforded  by  a  great  habitaal 
chimney,  such  as  Yeenvius,  the  incumbent  surfooe  is  npliftod ;  but  when 
the  heated  rocks  below  are  eooGng  and  oontraeting,  and  sheets  of  kvs 
are  slowly  consolidating  and  diminishing  in  volume,  then  the  incumbent 
land  subsides. 

Signor  Niccohni,  when  he  ascertained  in  1698  that  the  relative  levels 
of  the  floor  of  the  temple  and  of  the  sea  were  slowly  changing  from 

year  to  year,  embraced  the  opinion  that  it  was  the  sea  which  was  riong. 
But  Signor  Capocci  successfully  controverted  this  view,  nppealing^  to 
many  appearances  wliirh  attest  the  local  character  of  the  movements  of 
the  adjoining  country,  besides  the  historical  fact  that  in  1538,  when 
the  sea  retired  peni^anently  2<)')  yards  from  the  ancient  shore  at  Puz- 
zuolt,  there  was  no  gimultaneou:^  retreat  of  the  waters  from  Naples, 
Castelaniare,  and  Ischia. f 

Permanenre  of  t/ic  ocean  8  level. — In  concluding;  this  subject  I  may 
observe,  tliat  the  interminable  controversies  to  uhich  Uie  phenomena  of 
the  Bay  of  Baitc  gave  rise,  have  sprung  from  an  extreme  reluctance  to 
admit  that  the  land,  rather  than  the  sea,  is  subject  alternately  to  rise 
and  fall.  Had  it  been  assumed  that  the  level  of  the  ocean  was  invaria- 
ble,  on  the  ground  that  no  fluctuations  have  aa  yet  been  elearly  ealab* 
lished,  and  that,  on  the  other  hand,  the  eontinenta  are  inooDatant  in 

♦  Quart.  Jouriu  Geol.  Soc  1847,  vol.  iii.  p.  20Ji. 
f  Nuove  Rtoerebe  ml  Tsmpb  di  Sarap. 
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their  level,  as  has  been  tlirnionstrat^d  by  the  most  unequivocal  proofs 
a^dia  and  again,  fioiu  ihe  time  of  Strabo  to  our  own  times,  Llic  appear- 
ances of  the  temple  at  Puzzuoli  could  never  have  been  regarded  as 
enigmaUeal.  Even  if  eo&temporary  accounte  had  not  dittmctlj  attested 
thftupnisbg  of  the  €oest»  this  explanation  ahould  have  been  proposed  in 
the  &Bt  instance  as  the  most  natoral,  instead  of  being  now  adopted 
vnwiUiBgly  when  aU  otheis  have  fiuled. 

To  the  strong  prejndicis  stUl  eiistuig  m  regatd  to  ihe  mobility  of  the 
]aad>  we  may  attribute  the  larity  of  soeh  diseoveiies  as  have  been  te- 
eeDtly  brought  to  light  in  the  Bay  of  Bails  and  the  Bay  of  Conception. 
A  fidse  theory,  it  is  well  known,  may  render  ns  blind  to  facts  which  are 
opposed  to  oar  prepossessions,  or  may  conceal  from  us  their  true  im- 
port when  we  behold  them.  But  it  is  ame  that  the  geolo^t  should,  in 
some  degree,  overcome  those  first  nrsfl  natural  impressions,  which  induct 
the  poets  of  old  to  ^p]eci  the  rock  as  tlie  emblem  of  firmness — the  sea 
as  the  image  of  ini  oust  v.  Our  modern  poet,  in  a  more  philosophical 
spirit,  saw  in  the  sea  *'  The  image  of  eternity,"  nnd  h  is  tinely  contrasted 
th-  fleeting  existence  of  the  successive  empires  w  hii  h  have  Nourished  and 
Men  on  the  borders  ot  the  ocean  with  its  own  unchanged  stability. 

 Tlieir  dccny  " 

Has  dried  up  realm*  to  deserts ; — not  so  thou, 
Unehangeable,  save  to  thy  wild  wsre't  play : 

Time  writes  no  wrinkle  on  thine  nzure  brow  ; 
Such  as  creation's  dawn  beheld,  thou  roUest  now. 

CmLDK  Haeold,  Canto  iv. 


CHAPTER  XXX. 

ELEVATION  AND  SUBSIDENCE  Or  LAND  WITHOUT  EARTHQUAKES. 

Oianr^es  in  the  relative  level  of  land  and  sea  in  regions  not  volcanic — Opinion  oi 
Cekius  thiit  the  waters  of  the  Baltic  Sea  and  Northern  Ocean  were  sinking — 
Objectiois  rai^vd  to  his  opinion — Proofs  of  the  stabiUty  of  the  sea  level  in  the 
Baltic— Flayftii's  hypothesis  that  the  land  waa  riatig  in  Sweden'— Opuaioa  ot 
Von  Buch — Marks  cut  ou  the  rocks — Survey  of  these  in  1620 — FadlitJ  of  do- 
tectiog  slight  alteratiorn  of  It  vfl  on  coast  of  Sweden — ShorcB  of  the  ocean  also 
rising — Area  upheaved — Shelly  deposits  of  Uddevalla — Of  Stockholm,  contain* 
iog  fu&sil  shtilU  characteristic  of  the  Baltic — Subsidence  in  south  of  Sweden— 
FIshing  hut  buried  under  laarine  strata— Upheaval  in  Sweden  not  always  in 
boriiontal  planft— Stoldqg  of  land  in  Greenland— Bearing  of  these  liicU  on 
geology. 

We  have  now  considered  the  phenomena  of  volcanoes  and  earthquakes 
according  to  the  division  of  the  subject  before  proposed  (p.  345)»  and 
liave  next  to  tvm  our  attAntkm  to  those  alow  and  insensible  changes  in 
the  rdatiTe  level  of  land  and  sea  wbieh  take  place  in  countries  remote 
from  volcanoes*  and  where  no  violent  eaiihqaakea  have  occurred  inthin 
the  period  of  hwDan  ohaervatioii.  Early  in  the  last  ceatuiy  the  Swedish 
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aatonlist^  Cebius,  expressed  bis  opimon  thai  the  waters,  both  nt  thi 
Baltic  and  Kortheni  Oeean,  were  gradually  snbsidmg.  From  nanmm 
observatioDB*  -be  infemd  that  the  rate  ct  depresstoii  was  about  iSkj 
Swedish  iaofaes  in  a  eentary.*  In  support  of  this  poaitioa,  he  aUegcd 
that  there  were  many  rocks  both  on  the  shores  of  the  Baltic  and  the 
ocean  known  to  here  been  once  sunken  reeft,  and<dangeroiis  to  nang»i 
tors,  but  which  were  in  his  time  abore  water — that  the  waters  of  die 
Gulf  of  Bothnia  had  been  gradually  converted  into  land,  F^eveml  ancient* 
ports  having  been  changed  into  inland  cities,  small  islands  joined  to  tfae 
continent,  and  old  fishing-grounds  deserted  as  being  too  shallow,  or  en- 
tircly  dried  up.  Celsius  ako  maintained,  that  the  evidence  of  the  change 
rested  not  onlv  on  modern  observations,  but  on  the  authority  of  the 
ancient  geoi;raf)hers,  who  had  stated  that  iScandinavin  was  formerly  an 
island.  This  island,  he  argued,  must  in  the  course  of  centu'ies,  bv  the 
gradual  retreat  of  the  sea.  have  become  connected  with  the  (onuncat; 
an  event  which  ho  suppo  ^  !  to  have  happened  after  the  time  of  Pliny, 
and  before  the  ninth  cenlvu  y  of  our  era. 

To  this  argument  it  was  objected  that  the  ancients  were  so  ii^norant 
of  the  geography  of  the  most  northern  parts  of  Europe,  that  tbeir  au- 
thority was  ei|Litled  to  no  weight ;  and  that  their  representation  of  Scan- 
dinavia as  an  ishmd,  might  with  more  propriety  be  adduced  to  prove 
the  Boantioess  of  their  information,  than  to  confirm  so  bold  an  hypoth- 
esis. It  was  also  remarked  that  if  the  land  which  connected  Scan- 
llinavia  with  the  main  continent  waa  laid  dry  between  the  time  of  Plii^ 
and  the  ninth  oentnry,  to  the  extent  to  which  it  is  known  to  have  risn 
above  the  sea  at  the  latter  period,  the  rate  of  depresakm  could  not  have 
been  uniform,  as  was  pretended  ;  for  it  ought  to  have  fallen  much  non 
rapidly  between  the  ninth  and  eighteenth  centuries. 

Many  of  the  proofs  relied  on  by  Celsius  and  his  followers  were  im- 
mediately controvertcjd  by  several  philosophers,  who  saw  clearly  that  a 
fall  of  the  sea  in  any  one  region  could  not  take  place  without  a  general 
sinking  of  the  watci-s  over  the  whole  grlobe  :  thev  denied  that  this  was 
the  fact,  or  that  the  depression  was  iniiversal,  even  in  the  Baltic.  In 
proof  uf  the  stability  of  the  level  of  that  sea,  they  appealed  to  the  posi- 
tion of  the  island  of  Saltholni,  not  far  from  Copenhagen.  This  isliind  is 
so  low,  tliat  in  autumn  and  winter  it  is  pcriuanently  overflowed .  and  it 
is  only  dry  in  summer,  when  it  serves  for  pasturing:  cattle.  It  appears, 
from  the  documents  of  the  year  1280,  that  Salihohn  -was  then  also  io 
the  same  state,  and  exactly  on  a  level  with  the  mean  huight  of  the  sea, 
io8(ead0f  having  been  about  twenty  feet  under  water,  as  it  ought  te 
have  been,  accordmg  to  the  computation  of  Celsius.  Several  towns,  abo^ 
on  the  shores  of  the  Baltie,  asLubeck,  Wismar,  Boetock,  ^tralsund,  and 
others,  after  sax  and  even  eight  hundred  yean,  are  as  little  elevaled 
above  the  sea  as  at  the  era  of  their  foundation,  being  now  dose  to  the 
watei's  edge.  The  lowest  part  of  Dantsc  was  no  higher  than  the  mean 

♦  The  Swedish  measure  scarcely  difTcrs  from  ours  ;  tlie  foot  being  divided  inl« 
twelve  iuclies,  aiid  being  less  thmi  our^  by  tliree-eigbth«  of  au  iucb  oolj. 
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level  of  the  sea  in  the  year  1000 ;  and  after  eight  centuries  its  relative 
position  reoiaios  exactly  the  same.* 

Sereral  of  tbe  enmples  of  the  gain  of  land  and  shaUowing  of  the  sea 
pointed  out  by  Celsius,  and  afterwards  by  LioiMras,  wbo  embraced  tbe 
fame  opinions*  were  ascribed  bj  others  to  the  deposition  of  sediment  at 
points  where  times  entered ;  and»  undonbtedlj,  Celsius  bad  not  snffi- 
ciently  dbtingtusbed  between  changes  due  to  these  causes  and  such  aa 
wonld-tuise  if  the  waters  of  the  ocean  itself  were  diminishing.  Many 
Isige  rivers  descending  from  a  mountainous  country,  at  the  head  of  the 
ftidf  of  Bothnia,  enter  the  sea  charged  with  sand»  raud,  and  pebbles ; 
aad  it  was  said  that  in  those  places  the  low  land  had  advaooed  rapidly, 
especially  near  Torneo.  At  Piteo  also,  half  a  mile  had  been  gained  in 
forty-five  years  ;  at  LuIeo,f  no  less  than  a  mile  in  twenty-eight  years ; 
facts  which  might  all  be  admitted  consistently  with  the  assumption  that 
the  level  of  the  Baltic  has  remained  unchantred,  like  that  of  the  Adriatic, 
durins^  a  ])orio(l  when  the  plains  of  tbe  Po  and  the  Adige  hare  greatly 
extended  their  area. 

It  was  also  alle^red  that  certain  insular  roclvs,  once  entirely  covered 
with  water,  had  at  Icnfjftli  protruded  themselves  above  the  waves,  and 
grown,  in  tlie  course  of  a  century  and  a  half,  to  be  eiglit  feet  high. 
The  fullowing  attempt  was  made  to  cxj>l.ua  away  this  phenomenon:— 
In  the  Baltic,  larc^e  erratic  blocks,  as  well  as  sand  and  .smaller  stones 
which  lie  on  shoals,  are  liable  every  year  to  be  frozen  into  the  ice,  where 
the  sea  freezes  to  the  depth  of  five  or  six  feet.  On,  the  melting  of  the 
now  in  spring,  when  the  sea  rises  about  half  a  fatbom,  numerous  ice- 
Manda  float  away,  bearing  up  these  rocky  fragments  so  aa  to  convey 
them  to  a  distance ;  and  if  they  are  driven  by  the  waves  upon  shoals, 
they  may  convert  them  Into  islands  by  depositing  the  blocltt ;  if  stranded 
upon  low  tslanda*  they  may  considerably  augment  theiir  height 

Browallius,  also,  and  some  other  Swedish  naturalists,  affirmed  that 
some  isbnds  were  lower  than  formerly ;  and  that*  by  reference  to  this 
land  of  evidence,  there  was  equally  good  reason  for  contending  that  the 
level  of  the  Baltic  was  gradually  rising.  They  also  added  another 
curious  proof  of  the  permanency  of  the  water  level,  at  some  points  at 
leaaty  for  many  centuries.  On  the  Finland  coast  were  some  large  pines» 
growing  close  to  the  water's  edge;  these  were  cut  down,  and,  by 
counting  the  concentric  rings  of  annual  growth,  as  seen  in  a  transverse 
,  section  of  the  trunk,  it  was  demonstrated  that  they  had  stood  there  for 
four  hundred  years.  Now,  according  to  the  Cclsian  Ijypothesis,  the 
sea  hnd  '=unk  about  fifteen  feet  during  that  period,  in  u  litrh  case  the 
gcrmln  itiiin  nnd  earlv  c^rowth  of  these  pines  must  have  been,  for  many 
seasons,  below  the  level  of  the  water.  In  hke  manner  it  was  asserted, 
that  the  lower  walls  of  many  ancient  castles,  such  as  those  of  Sonder> 

*  For  a  fid!  loeotnit  of  iha  OeUan  cootrarerBy,  we  nay  refer  our  resdert  to 

Von  HofF,  Ooschichte,  <i5C.  vol  i.  p.  439. 

f  Piteo,  Luleo,  nnd  OIki  arc  spelt,  in  many  Eoi^lisli^  mapa^  Pitea,XQles,  Abo* 
Uie  a  is  not  raunded  in  the  iSwoclisii  diphthoug  oo  or  a. 
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hmg  and  Ab<H  reached  then  to  tbe  water's  edge,  and  maalt,  therefine, 
aecording  to  the  theory  of  Oelrias,  have  been  originally  oonstrocted 
below  the  leyel  of  the  sea. 

In  reply  to  this  last  argument^  Colonel  HikUstrom,  n  Swedish,  engi- 
neer, well  acqnamted  with  the  Finland  coast»  asmred  me,  that  tbe  base 
of  tbe  waOi  of  the  easUe  of  JLbo  ia  now  ten  feet  above  the  water,  ao 
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that  there  may  have  boea  a  eoaudenible  riia  of  tba  land  at  that  point 
ainoo  the  building  was  erected. 

Playfidr,  m  bis  *'Illitttmtioii8  of  the  Huttoniaa  Theoiy,"  m  1802» 
admitted  the  suffideaey  of  the  prooft  adduoed  hy  Celans,  bnt  attribnfeed 
the  cbaoge  of  level  to  the  movement  of  the  hmd,  rather  than  to  a 
dimmution  of  the  watete.  He  observed,  ''that  m  ocder  to  depress  or 
elevate  the  absolute  level  of  the  sea,  bj  a  given  quantity^  in  any  one 
p]ace,  we  must  depress  or  elevate  it  by  the  same  quantity  over  the 
whobsorfiMse  of  the  earth;  whereas  no  such  necessity  exists  with  re- 
spect  to  the  elevation  or  depression  of  the  land."*  The  hypothesis  of 
the  rising  of  the  land  he  adds,  "  sgrees  well  with  the  Huttonian  theory, 
which  holds,  that  our  continents  are  subject  to  be  acted  upon  by  the  ex- 
pansive forces  of  the  mineral  regions  ;  that  by  these  forces  they  have  been 
actually  niiscd  up,  and  aro  sustained  by  them  in  their  present  situation.! 

In  the  year  1807,  Von  Buch,  after  returning  from  a  tour  in  Scan- 
dinam,  announced  his  conviction,  "that  the  whole  country,  from  Fred- 
erickshall  in  Norway  to  Abo  in  Finland,  and  perliaps  as  far  as  St. 
Fetersburgh,  was  slowly  and  insensibly  rising.**  He  also  suggested 
"that  Sweden  may  rise  more  than  Norway,  and  the  northern  more  than 
the  southern  part. "J  He  was  led  to  these  conclusiuui  jumcipally  by 
information  obtained  from  the  inhabitants  and  pilots,  and  in  t  by  the 
occurrence  of  marine  shells  of  recent  species,  which  he  had  fuuiid  at 
several  points  on  the  coast  of  Norway  above  the  level  of  the  sea.  lie 
also  mentions  the  marks  set  on  the  rocks.  Von  Buch,  therefore,  has  the 
merit  of  being  the  first  geologist  who,  after  a  personal  examination  of  the 
etidence,  deehued  hLfovor  of  the  rise  of  land  m  SoandinavUk 

The  attention  excited  by  dm  subject  hi  the  early  part  of  the  last 
centtuy,  induced  many  philosophers  in  Sweden  to  endeavor  to  deter- 
mme,  by  aecnmte  observations,  whether  the  standard  level  of  the  Baltic 
was  redly  subject  to  periodical  variations ;  and  nnder  their  direction, 
lues  or  grooves,  indicating  the  ordmaxy  level  of  the  water  on  a  calm 
day,  tc^ther  with  the  date  of  the  year,  were  chiselled  ont  upon  the 
rocks.  In  1820-21,  all  the  marlnmade  before  those  years  were  ex- 
amined by  the  officers  of  the  pilotage  establishment  of  Sweden ;  and  in 
their  report  to  the  Royal  Academy  of  Stockholm  they  declared,  that 
on  comparing  the  level  of  the  sea  at  the  time  of  their  observations  with 
that  indicated  by  the  ancient  marlu,  they  found  that  the  Baltic  was 
lower  relatively  to  the  land  in  certain  places,  but  the  amount  of  change 
during  equal  periods  of  time  had  not  been  everywhere  the  same.  Dur- 
ing their  survey,  they  cut  new  marks  for  the  guidance  of  futtiro  ob- 
servers, several  of  which  I  had  an  opportunity  of  examining  f  ur(*  en 
years  after  (in  the  summer  of  1834),  and  in  thnt  interval  the  1  ird  ap- 
peared to  mc  to  have  risen  at  certain  places  norih  of  8u>ckliohn  four 
or  five  inches.  I  also  convinced  myself,  during  my  visit  to  Sweden, 
after  conversing  with  many  civil  engineers,  pilots,  and  fishermen,  and 
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aflter  enmbing  aome  of  the  aadent  inark^  tiiai  thft  avidenee  Soimeri| 
adduced  in  favor  of  the  change  of  lerel,  both  oa  the  eonis  of  Sweden 
and  Finland,  wm  full  end  satisfactory.*   The  alleiation  of  level  evi- 
dently diminishes  as  we  proceed  from  the  northern  parts  of  the  Gulf  oi 
Bothnia  towards  the  south,  being  very  slight  around  Stockholm.  Some 
writers  have  indeed  represented  tlie  rate  of  depression  of  the  wateitat 
Stockholm  as  very  considerable,  because  certain  houses  ia  that  dtj 
winch  are  built  on  piles  have  stink  down  within  tlic  memory  of  persons 
stil.  livinq-,  so  as  to  be  out  of  the  perpendicular  ;  and  ihi^  in  ronse- 
qucnce  of  the  tops  of  the  piles  giving  way  and  decaying,  owing  lo  a  fall 
of  the  waters  which  has  exposed  them  to  be  alternately  wel  aod  diy. 
The  liouses  alluded  to  are  situated  on  the  boi  ders  ol  Lake  Maeler,  ft 
lanie  lake,  the  outlet  of  which  joins  the  Baltic,  in  the  middle  of  Stock- 
holm.   This  lake  is  certainly  lower  than  formerly;  but  the  principal 
cause  of  the  change  is  not  the  elevation  of  the  land,  but  the  removal  of 
two  old  bridges  built  on  piles,  which  formerly  obstructed  the  disscharge 
of  the  fresh  water  into  the  sea.    Another  cause  is  the  openiog,  in  the 
year  1819,  of  a  new  canal  at  SOdertelje,  a  pUce  south  of  SloeUioIm,  by 
meana  of  whieh  a  new  line  of  commuiiioation  waa  fonaed  betwaflo  Like 
Mader  and  the  Balticf 

It  wfll  naturally  he  aaked,  whether  the  mean  level  of  a  sea  like  the 
Baltie  ean  ever  be  detemuned  ao  eiactly  as  to  permit  na  to  appicdata 
a  variation  of  level,  amonntiog  only  to  one  or  two  feet  In  repV*  1 
may  obeerve,  that,  except  near  the  Gattegat,  there  are  no  tides  ia  Iha 
Bflltio ;  aod  it  is  only  when  particular  winds  have  prevailed  for  serad 
days  in  sueceasioo,  or  at  certain  aeaams  when  there  has  been  an  un- 
usually abundant  influx  of  river  water,- or  when  these  causes  have  com- 
bined, that  this  sea  is  made  to  rise  two  or  three  feet  above  its  standard 
level.  The  fluctuations  due  to  these  causes  are  nearly  the  same  from 
year  to  year;  so  that  the  pilots  and  fishermen  believe  and  apparently 
with  reason,  tliat  (hoy  can  mark  a  deviation,  even  of  a  few  inches,  irom. 
the  ordinary  or  mean  heiLtht  rif  the  waters. 

There  are,  moreover,  peculiarities  in  the  coniigiiration  of  the  shores 
of  Norway  and  Sweden,  which  facilitate  in  a  remarkable  de«rree  the 
appreciation  of  slight  changes  in  thtj  relative  level  of  land  and  vvuter. 
It  has  often  been  said,  that  there  are  two  coilsUs,  an  inner  and  an 
outer  one;  the  inner  being  the  shore  of  the  main  land  ;   the  outer 
one,  a  fringe  of  countless  rocky  islantls  of  all  dimensions,  called  the 
sklir  (shair).    Boats  and  small  vessels  make  their  coasting  voyages 
within  this  skiir :  for  here  they  may  sail  in  smooth  water,  even  when 
the  aea  without  is  >  strongly  agitated.   Bat  the  navigation  is  very  tntn* 


♦  In  the  earlier  editions  I  ex|<redsed  mauy  doubts  as  to  the  validity  of 
proofr  of  a  gradual  riie  of  Uod  in  Sweden.   A  detidlw!  atatemant  of  the  obaerva- 
t tons  which  r  mndo  in  18^4.  nnd  which  led  me  to  chaqga  my  opinion,  will  ^ 
found  in  Uie  Philosophical  Transactions  for  1835,  part  i. 

\  See  FnifisMor  Jdhmton's  Paper,  Ed.  New  PhiL  Joim.  Ho.  S9,  July  18St 
ana  my  remsrlo^  PhiL  IVsnn  1886^  p.  13. 
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cat€,  nrul  liie  pilot  must  possess  ii  pcrh  cL  acquaintance  with  the  breadth 
and  depth  uf  every  narrow  channel,  and  the  position  of  iiimimerable 
tunken  rocks.  If  oh  such  a  coast  the  land  rises  one  or  two  feet  in  the 
MQiw  of  Jwlf  a  oentury,  the  minute  topography  of  ilie  tkir  is  entirdy 
altered.  To  a  strsBger,  indeed,  who  reTiaite  U  itfter  an  tnteml  of  many 
yean,  ite  general  aspect  reniatna  the  aame ;  bnt  the  inhabitant  find? 
that  he  ean  no  longer  penetrate  with  his  boat  through  ehannels  where 
he  fetmerly  paseed,  and  he  ean  tell  of  eonntleae  other  ehangea  in  the 
he^ht  and  bteadth  of  isolated  rooks,  now  exposed,  bnt  onoe  only  «een 
tbrongh  the  clear  water. 

The  rooks  of  gneiss^  mica-schist,  and  qnartz  are  usually  very  hard  on 
this  ooaat»  alow  to  decompose,  and,  when  protected  from  the  breakers, 
rem&'ning  for  ages  unaltered  in  their  form.  Hence  it  is  easy  to  mark 
the  staq;cs  of  thoir  progressive  cmcrg^cnce  by  the  nid  of  natural  and  arti- 
ficial niarks  imprinted  on  them.  Besides  the  summits  of  Jixcd  rocks, 
there  are  numerous  crrntir  blocks  of  vast  size  stren-od  over  tlx*  shoals 
and  islands  in  the  skar,  which  have  been  probably  drilled  by  iec  in  the 
manner  V>efore  8Ui]f pleated.*  All  these  are  observed  to  have  increased 
in  hei'^'bt  and  dimension  with  the  last  half  century.  Some,  which  were 
formerly  known  as  dan<^eruus  sunken  rocks,  are  now  only  hidden  when 
the  water  is  highest.  Oa  their  first  appearance,  they  usually  present  a 
smooth,  bare,  rounded  protuberance,  a  few  feet  or  yards  in  diameter ; 
and  a  nogle.sea-gull  often  appropriates  to  itself  Uds  restiog-place,  re- 
aortiog  there  to  derour  its  prey.  Similar  pomts,  in  the  mean  time*  have 
grown  to  long  reefs,  and  aro  constantly  whitened  by  a  multitude  of  sea- 
fowl ;  while  others  have  been  changed  from  a  reef,  annually  snbmeiged, 
to  a  small  islet,  on  which  a  few  lichens,  a  fir-seedling,  and  a  few  blades 
of  ^ss,  attest  tluit  the  shoal  has  at  length  been  fairly  ohan^d  into  dry 
land.  Thousands  of  wooded  islands  around  show  the  great  alterations 
wiiich  time  can  work.  In  the  course  of  centuries  also,  the  spaces  inter- 
Teniog  between  the  existing  Islands  may  be  laid  dry,  and  become  grassy 
plains  encircled  by  heii^hts  well  clothed  with  lofty  firs.  This  last  step 
rf  the  process,  by  which  long  fiords  and  narrow  channels,  once  separatini^ 
w.»r.{l«jtl  inlands,  are  deserted  by  the  sea,  has  been  exemplified  within  the 
memory  of  hving  witnesses  on  several  parts  of  the  coast. 

Had  the  apparent  fall  of  the  waters  been  observed  in  the  Baltic  only, 
w.'  nii^'bt  have  endeavored  to  explain  tlic  phenomouoir  by  local  causes 
aifccung  that  scii  alone.  For  instance,  the  channel  by  which  the  Baltic 
discharges  its  surplus  waters  into  the  Atlantic,  might  be  supposed  to 
liave  been  gradually  widened  and  deepened  by  the  waves  and  currents, 
in  which  case  a  fall  of  the  water  like  that  before  alluded  to  in  Lake 
Maeler,  might  have  occurred.  But  the  lowering  of  level  wtfldd  in  that 
caae  have  been  uniform  and  universal,  and  the  watera  could  not  have 
sunk  at  Tomeo^  while  they  retained  their  former  level  at  Copenhagen. 
Such  an  ezplanatkm  is  also  untenable  on  other  grounds ;  for  it  is  a  fact, 


*  See    682 ;  alio  cbapi  16,  miprtk 
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as  Gelai»  long  ago  aflBnned,  that  the  alteiatSon  of  levd  esteodstotlK 
weaCera  shorea  of  Sweden,  bordering  the  ocean,  ^e  eigna  of  etentkn 
obeenred  between  Fddevalla  and  Gothenburg  are  aa  wcS  estaUnhed  u 
those  OA  the  shores  of  the  Bothnian  Gulf.  Among  the  plm  ithm 
they  may  be  studied,  are  the  ishmda  of  Marstrand  and  Gulholtnen,  the 
last-mentioned  locaUty  being  one  of  those  particularly  poinled  oat  bj 
Celsius. 

'Ihe  inhabitants  there  and  elsewhere  affirm,  tliat  the  rate  of  the  sink- 
ing of  the  sea  (or  elevation  of  land)  varies  in  different  and  adjoining  dis- 
trict?, being  greatest  at  points  where  the  land  is  low.  But  in  this  they 
arc  deceived  ;  for  they  measure  tlie  amount  of  rise  by  the  aron  [gained, 
which  is  most  considerable  where  tlie  land  descends  with  a  gentle  ^^lope 
into  the  sea.  In  the  same  manner,  some  advocates  of  the  CeUian  the- 
ory foi  meily  apjioalcd  to  the  increase  of  lands  near  the  mouths  of  rivers, 
not  sufficiently  adveiling  to  the  lact,  that  if  the  bed  of  the  sea  is  rising, 
the  change  will  always  be  most  sensible  where  the  bottom  has  been 
{nevioudy  rendered  shallow ;  whereas,  at  a  distance  from  these  points 
where  the  scarped  granitic  clift  plmige  at  once.mto  deep  water,  s  moch 
greater  amount  of  delation  ia  necessary  to  produce  an  equally  conspicu- 
oua  change. 

Aa  to  the  area  in  northern  Eoiope  which  is  subject  to  tlus  bIow  vp> 
hesviog  movement)  we  hare  not  aa  yet  anffident  data  for  estiaialing  it 
coneetly.  It  aeems  probable,  however,  that  it  reachea  firom  Gotheo* 
buig  to  Tomeo*  and  from  thence  to  the  North  Cape,  the  rale  of  el«  va- 
tion  increasing  always  aawe  proceed  farther  northwards.  Tiie  two 
extremities  of  this  line  are  more  than  a  tiiousand  gec^raphical  railed 
distant  from  earh  other ;  and  as  both  terminate  in  the  ocean,  wo  know 
not  how  mimh  farther  the  motion  may  be  prolono-fd  under  water.  As 
to  the  breadth  of  the  tract,  its  hmits  are  eqn;illy  uncertain,  ihouijb  it 
evidently  extends  across  ihc  widest  part"  ul  the  Gulf  of  Bothniii,  «nd 
may  probably  stretcli  far  into  the  interior,  botli  of  Sweden  and  Finlaad. 
Now  if  the  elevation  continue,  a  larger  part  of  the  Gulf  of  Bothnia  will 
be  tiiraed  into  land,  as  also  more  of  tlie  ocean  off  the  west  coast  of  Swe- 
den between  Gothenburg  and  Uddevalla  ;  and  on  the  other  hand,  if  the 
change  baa  been  going  on  for  thousands  of  years  at  the  rate  of  levenl 
feet  in  a  century,  large  tracts  of  what  is  now  land  must  hsTe  been  rab- 
maiine  at  perioda  comparatively  modem.  It  is  j»tural  therefoie  to 
mqnlre  whether  there  are  any  signa  of  the  recent  sojourn  of  the  mscb 
districts  now  inland  ?  The  answer  b  most  satisf^tory. — ^KearTIdde- 
valhi  and  the  neighboring  ooastland,  we  find  upraised  depcdts  of  sbeUs 
beloogiog  to  species  such  as  now  live  in  the  ocean  ;  while  on  the  oppo- 
site or  east(?t'n  side  of  Sweden,  near  Stockholm,  Gefle,  and  other  places 
bordering  the  Bothnian  Gulf,  there  are  analogous  beds  eontainiog  shelh 
of  species  characteristic  of  the  Baltic. 

Von  Buch  announced  in  1807,  that  he  had  discovered  in  Norway  and 
at  Uddevalla  in  Sweden,  beds  of  slu  lls  of  existing  species,  at  considerable 
heights  above  the  sea.   Since  that  time,  other  naturalists  have  cod^u^ 
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btt  obsemtion ;  and,  aecoidiiig  to  Sir5m»  deposits  ocoar  al  an  eknUion 
of  more  than  400  feet  above  tbe  eea  in  the  northern  part  of  Korwa^ . 
M.  Alex.  Brongniarty  when  he  visited  UddevaUa»  aeoertained  that  one  ol 
the  principal  masses  of  shells^  that  of  Capellbacken,  is  raised  more  than 
200  feet  above  the  sea,  restiiig  on  rocks  of  gneiss,  all  the  species  being 
identical  with  those  now  inhabitiDg  the  conttgruons  ocean.  The  same 
moralist  also  stated,  that  on  examining  with  care  the  surface  of  the 
gneiss,  immediately  above  the  ancient  shelly  deposit,  he  found  barna- 
cles (bahni)  adhering  to  the  rocks,  showing  that  the  sea  had  remained 
there  for  a  long  time.  I  was  fortunate  enough  to  be  able  to  verify  this 
oWrv-ation  hv  findinir  in  the  summer  of  1834,  at  Kured,  about  two 
miles  north  of  Uddevalla,  and  at  the  height  of  more  tlian  100  feet  above 
the  sea,  a  surfaoo  of  gneiss  newly  laid  open  by  the  partial  removal  of  a 
mitss  of  shells  u-'  d  larcfely  in  the  district  for  making  lime  and  repairmg 
the  roads.  So  liruily  Uid  these  barnacles  adhere  to  the  gneiss,  that  I 
broke  off  portions  of  the  rock  with  the  shells  attached.  The  face  of  the 
gneiss  was  also  incru&Led  with  siuall  zoophytes  {^CkUeporai  Lam.);  but 
bad  these  or  the  barnacles  been  exposed  in  the  atmosphere  ever  dnoe  the 
devatioD  of  the  rocks  above  the  sea,  they  would  doubtless  have  decom- 
posed^and  been  obliterated. 

The  town  of  Uddevalla  (see  Map,  p.  528)  stands  at  the  head  of  a 
narrow  creek  overhung  by  steep  and  bairen  rocks  of  gneiss,  of  wluoh 
all  tlie  adjacent  country  is  composed,  except  m  the  low  grounds  and 
bottoms  of  valleys,  where  strata  of  sand,  cby,  and  marl  frequently  hide 
the  fundamental  rocks.  To  these  newer  aiid  horizontal  deponts  the 
fossil  shells  above  mentioned  bel(xig»  and  umilar  marine  remains  are 
found  at  various  heights  above  the  sea  on  the  opposite  island  of  Omst. 
The  extreme  dbtance  from  the  sea  to  which  such  fossils  extend  is  as  yet 
unknown  ;  hut  they  have  been  already  found  at  Trollhattan  in  dipfging 
the 'canal  there,  and  still  farther  inland  on  the  northern  borders  nf  T.rtke 
Wencr,  tifty  miles  from  the  sea,  at  an  elevation  of  200  feet  near  Lake 
Rogvarpen. 

To  pasa  to  the  Baltic  :  I  observed  near  its  shores  at  SOdertelje,  six- 
teen miles  S.  W.  of  Stockholm,  strata  of  sand,  clay,  and  marl,  more  than 
100  feet  high,  and  containing  shells  of  species  now  inhabiting  the  Both- 
nian  Gulf.  These  consist  partly  of  marine  and  partly  of  fi"esh water  spe- 
cies ;  but  they  are  few  in  number,  the  brackishness  of  the  water  appear- 
ing to  be  very  unfavorable  to  the  devektpment  of  testacea.  The 
most  abundant  species  are  the  common  ooclde  and  the  common  mussel 
and  periwinkle  of  our  shores  (C^rrfwiii  tdviU^  MffUlui  edtUU,  and  ItU' 
torma  littona),  together  with  a  small  tellina  {T.  Baltiea)  and  a  few 
minute  univalves  allied  to  Paiudina  uiva.  These  live  in  the  same 
water  as  a  Xymnm,  a  Nkntiiia  (JT.  JhmaiUii),  and  some  other  fresh- 
water shells. 

But  the  marine  mollusks  of  the  Baltic  above  mentioned,  although  TCiy 
numerous  in  individuals,  are  dwarfish  in  siae,  scarcely  ever  attaining  a 
third  of  the  avemge  dimensions  which  thej  acquire  in  the  Salter  waters  d 
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the  ocean.  By  this  character  alone  a  geologist  would  gcTif^mlly  be  able 
to  recognize  an  assemblage  of  Baltic  fossils  as  distinguished  from  those 
derived  from  a  deposit  in  the  ocean.  The  absence  also  of  ovst«rs,  bar- 
nacles, whelks,  scallops,  limpets  (ostren,  halanus,  bucaitui/i,  jxctetif  pa- 
(cUa),  and  many  other  forms  abounding  alike  in  the  sea  near  Uddevalla, 
and.  hi  the  fossiliferous  deposits  of  modern  date  oii  ihul  coast,  suppUei 
an  additional  negative  character  of  the  greatest  value,  distinguishing 
assemblages  of  Baltb  from  those  of  oceanic  shells.  Kow  the  strata  con* 
tainiog  Baltie  ahella  sro  found  ia  many  loealitieB  meMr  Stoekholm,  Upsala, 
and  Q«fle»  aad  -will  probably  be  diaeofered  efciywherB  around  tlie  W 
den  of  the  Bothnian  Otdf ;  for  I  faaTeaeenamilar 

rwTWAina  hfoog^ht  fimn 

Fmhmd,  in  marl  resembliiig  that  fimmd  near  Stockholm.  TIte  utmoM 
diatanoe  to  which  thece  depoeitB  have  yet  been  traced  inhmd«  is  oo  the 
southern  shores  of  Lake  Maeler,  at  a  place  seventy  miles  from  the  sea.* 
Hence  it  appears  from  the  distinct  assemblage  of  fossil  shells  found  on 
the  eastern  and  western  coasts  of  Sweden,  that  the  Baltic  has  beea  Ibr 
a  long  period  separated  as  now  from  the  ocean,  although  the  iotervcDisg 
tract  of  land  was  once  much  narrower,  even  after  bothseas  bad  beeone 
ioliabited  by  all  the  existing  specins  of  testncea. 

As  no  accurate  observations  on  tlie  rise  of  the  Swedish  const  ri^lur  lo 
periods  more  rt^mote  than  a  century  and  a  half  from  the  present  time, 
and  as  traditional  information,  and  that  derived  from  ancient  buildinsjs 
on  the  coast,  do  not  enable  the  antiquary  to  trace  back  any  muiiumciits 
of  change  for  moi"c  than  five  or  six  centuries,  we  cannot  declare  whethei 
the  rate  of  the  upheaving  force  is  uniform  duting  very  long  periods. 
In  those  districts  where  the  fossil  shells  are  found  at  the  height  of  more 
than  200  feet  above  the  ocean,  as  at  UddevaUai  Orost*  and  Lake  Rog- 
vaipen,  the  present  rate  of  rise  seems  less  than  four  feet  in  a  centiny. 
Even  at  that  rate  it  wonld  have  requured  five  thousand  yean  to  lift  np 
those  deposits.  Bat  as  the  movement  is  now  very  different  in  diffiiRst 
places,  it  may  also  have  varied  much  in  intensity  at  diffiereni  eras. 

We  have,  moreover,  yet  to  learn  not  only  whether  the  motion  pro> 
ceeds  always  at  the  same  rate,  but  also  whether  it  has  been  uniformly  hi 
one  direction.  The  level  of  the  land  may  oscilUte ;  and  for  centuries  there 
may  be  a  depression,  and  afterwards  a  re-elevation,  of  the  same  district. 
Some  phenomena  in  the  neighborhood  of  Stockholm  appear  to  me  only 
e.xplicable  on  the  supposition  of  the  alternate  rising  and  sinking  of  tlif 
ground  since  the  country  was  inhabited  by  man.  In  digging  a  canal, 
in  1819,  at  Sodertelje,  about  sixteen  miles  to  thesoutli  of  Stockh>>lin.  if! 
unite  Lake  Mneler  with  the  Baltic,  marine  strata,  containing  fossil  slu-lU 
of  Baltic  spocit's,  were  passed  through.  At  n  depth  uf  about  sixty  feet, 
they  came  down  u[)on  what  seems  to  have  been  a  buried  ti>liing-hut, 
constructed  of  wood  in  a  state  of  decomposition,  wliich  soon  crumbled 
away  on  exposure  to  the  air.  The  lowest  part,  however,  which  had  stood 
on  a  level  with  the  sea,  was  in  a  more  perfect  state  of  presemtkm.  On 


•  See  a  paper  fay  ths  Author,  FhU.  Trana.  1885,  part  L 
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tbe  iloor  of  this  hut  was  a  rude  firep1aoe«  couskting  of  a  ring  of  stones, 
and  witfain  thb  were  obders  and  charred  wood*  On  the  outside  Uy 
imighs  of  the  fir,  ent  as  with  an  aze,  wil]i  the  leaves  or  needles  stUl 
aUaehed.   It  seems  very  difficult  to  explain  the  position  of  this  buried 

hut,  without  imagining,  as  in  the  case  of  the  temple  of  Serapis  (see  p. 
486),  first  a  subsidence  to  the  depth  of  more  than  sixty  feet,  then  a  re- 
elevatkm.  During  the  period' of  submergence,  the  hut  must  hnvc  be- 
come covered  over  with  gravel  and  shelly  marl,  under  wliioli  not  only 
the-  luif,  but  pcreral  vessels  also  were  found,  of  a  very  antique  fonn,  and 
tia\in;j:  their  timbers  fastened  toother  by  wooden  pegs  instead  of 
nailii.* 

Whether  any  of  the  land  in  Norway  is  now  rising,  must  l»o  dpter- 
mined  by  future  investigations.  Marine  fossil  8hell!«,  of  n^cent  species, 
have  lM»en  collected  from  inland  places  near  Brontheim  ;  but  Mr.  Ever- 
est, in  bis  "  Travels  through  Norway,"  informs  us  that  the  small  island 
of  Munkholm,  which  is  an  insulated  rock  in  the  harbor  of  Droutheim, 
affords  conclusive  evidence  of  thu  land  having  in  that  region  remained 
alitionaiy  for  the  last  eight  centuries.  The  area  of  this  isle  docs  not 
eieeed  that  of  a  small  village,  and  by  an  official  survey,  its  highest 
pomt  has  been  determined  to  be  twenty>three  feet  abore  the  mean  high- 
water  mark,  that  is,  the  mean  between  neap  and  spring  tides^  Now,  a 
omnastery  was  founded  there  by  Canute  the  Great,  a.  d.  1028,  and 
tliirty-tbree  yean  before  that  time  it  was.  in  use  as  a  comihon  place  of 
execution.  According  to  thi  assumed  arerage  rate  of  rise  in  Sweden 
(about  forty  inches  in  a  century),  we  should  bo  obliged  to  suppose  that 
this  island  iiad  been  three  feet  eight  inches  below  high>water  mark  when 
it  was  originally  chosen  ns  the  site  of  the  monastery. 

Professor  Keilhau  of  Christiania,  after  collecting  the  observations  of 
his  predecessors  respecting  former  changes  of  level  in  Norway,  and  com- 
bining them  with  his  own,  luis  mailc  the  fact  of  a  general  change  of  level 
fit  a  modern  period,  that  is  to  say,  within  the  period  of  the  actual  testa- 
ceous fauna,  very  evident.  He  infers  thnt  the  whole  country  from  Cape 
LindcsnrL's  t^  Cape  North,  and  beyond  that  as  far  as  the  fortress  of 
Vardliiui^.  has  been  gradually  upraised,  and  on  the  southeast  coast  the 
elevation  Xui-^  auiuuuLed  to  more  than  GOO  feet.  The  marks  which  de- 
note the  ancient  coast-line  are  so  nearly  horizontal  tliat  the  deviation 
from  horizontality,  although  the  measiu^ments  have  been  made  at  a 
great  number  of  pomts,  is  too  small  to  be  appreciated. 

More  recently  (1844),  however,  it  appears  from  the  researches  of  H. 
bravats,  member  of  the  French  scientifie  commission  of  the  North,  that 
in  the  Gulf  of  Alton  in  Finmark,  the  most  northerly  part  of  Norway, 

*  See  my  paper  belbre  referred  to,  Phil  Trans.  18;k'>,  i)iirt  i.  p.  8,  o.  Attempts 
have  been  since  made  to  explain  away  the  position  of  this  hut,  by  conjecturing 
that  a  more  recent  trench  had  been  previously  dug  here,  which  lin(f  become  tilled 
up  in  time  bj  sand  drifted  by  the  wind,  llie  engineers  who  auperiutendcd  tho 
works  in  1819,  and  With  whom  I  conversed,  had  conaidered  ereiy  hypoUiesis  of 
the  kiadf  bat  oeuld  not  so  exphan  the  £»ota, 
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there  are  two  distinct  lines  of  upraised  ancient  sea-coast,  one  above  the 
other,  which  are  not  parallel,  and  both  of  them  imply  that  within  a  dis- 
tance of  fifty  miles  a  considerable  slope  can  be  detected  in  such  a  direc- 
tion as  to  show  that  the  ancient  shores  have  undergone  a  greater amouat 
of  upheaval  in  proportion  as  we  advance  inland.* 

It  has  been  already  stated,  that,  in  procfeding  from  the  Korth  Cape 
to  Stockholm,  the  rate  (jf  upheaval  dimiifis-hes  from  several  feet  to  a  few 
inches  in  a  century.  To  the  south  of  Stockholm,  the  upward  luovtjnieDi 
ceases,  and  at  length  in  Scania,  or  the  southernmost  part  of  Sweden,  it 
appears  to  give  place  to  a  movement  in  an  opposite  direction.  Iq  proof 
of  this  fact.  Professor  Kilsson  observes,  in  tlie  first  place,  that  there  are 
no  ele?ated  beds  of  recent  marine  shelb  in  Scanin  like  those  fartlier  to 
the  north.  Secondly,,Linn«i]8»  with  n  view  of  ascertaining  irhedier  Uie 
waters  of  the  Baltic  were  retiring  from  the  Seaman  shore,  measured,  in 
I740»  the  distance  between  the  sea  and  a  laige  stone  near  Trelleboig. 
This  same  stone  was,  in  1830,  a  hmidred  feet  nearer  the  water^s  edge 
than  in  Linnsens*s  time,  or  eighty^seven  years  before.  Thirdly,  there  is 
ako  a  submetged  peat  moss,  consistiDg  of  land  and  freshwater  plnnLs 
beneath  the  sea  at  a  point  to  which  no  peat  could  have  been  driAed 
down  by  any  river.  Fourthly,  and  what  b  still  more  conclusiv'e,  it  is 
found  that  in  seaport*  towns,  all  along  the  coast  of  Scaiu8»  there  sie 
streets  below  the  high-water  level  of  the  Baltic,  and  in  some  cases  below 
the  level  of  the  lowest  tide.  Thus,  when  the  wind  is  high  at  Malmo, 
the  water  overflows  one  of  the  present  strC'Cts.  and  some  years  ago  ?omf 
excavations  showed  an  ancient  .street. in  the  same  place  eiijht  feet  lower, 
and  it  was  thcfn  seen  that  there  had  been  an  arliticial  raisini;  of  the 
ground,  doubtless  in  consequence  of  that  bubsidence.  Tliei''  is  aUo  a 
street  at  Trelloborg,  and  another  at  Skanor,  a  few  inch  *s  btlow  high- 
water  mark,  and  a  street  at  Ystad  is  exactly  ou  a  level  with  the  sea,  at 
which  it  could  not  have  been  originally  built. 

The  inferences  deduced  from  tlie  foregoing  factis  are  in  perfect  hM^ 
mony  with  the  proofs  brought  to  jight  by  two  Danish  investigators,  Dr. 
Pingel  and  Captam  Graah,  of  the  sinking  down  of  part  of  the  west  cosst 
of  Greenland,  for  a  space  of  more  than  600  miles  from  north  to  sooth. 
The  observations  of  Captain  Oranh  were  made  during  a  surv^  ef 
Greenland  in  1823-24 ;  and  afterwards  in  1828-29 ;  those  by  Dr.  Fh* 
gel  were  made  in  1830->32.  It  appears  from  various  signs  sodtndi* 
ttoos,  that  the  coast  has  been  subnding  for  the  last  four  centuries  from 
the  firth  called  IgaUko,  m  lat  60^  43' N.  to  Disco  Bay,  cxtendiog  to 
nearly  the  60th  degree  of  north  latitude.  Ancient  buildings  oo  lov 
rocky  islands  and  on  the  shore  of  the  main  land  have  been  gradually 
submerged,  and  experience  has  taught  the  aboriginal  Grecnlander 
never  to  build  his  hut  near  the  water's  edge.  In  one  case  the  Momvirtn 
settlers  have  been  obliged  more  than  once  to  move  inland  the  poles  upoo 


*  Qunrt.  Journ.  of  GcoL  Soc.  No.  4.  p.  534.  Brnvais'  ob^orvntton?  TreiOTWl 
aed  in  1U9  by  Hr.  K  Chambera  iu  bU  "  Tracinga  of  i(.  of  Europe,"  p.  2U& 
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which  their  large  boats  were  set,  and  the  old  poles  still  remain  beneath 
the  water  as  silent  witnesses  of  the  change.* 

The  probable  cause  of  the  movements  above  alhided  to,  whetlier  of 
elevation  or  depression,  will  be  more  appropriately  discussed  in  tlic  fol- 
lowing ciiapters,  when  the  origin  of  subterranean  heat  is  considered. 
But  I  mav  remark  here,  that  the  rij^e  of  Scandinavia  has  naturallv  been 
regarded  as  a  very  singui.ir  and  scarcely  credible  phrnonienon,  becaiusC 
no  region  uu  the  globe  has  been  more  free  within  the  times  of  authentic 
history  from  violent  earthquakes.  In  common,  indeed,  with  our  own 
island  and  with  almost  every  spot  on  the  globe,  some  movements  have 
been,  at  different  periods,  experienced,  both  in  Norway  and  Sweden. 
Bat  some  of  these,  as  for  example  during  the  Lisbon  earthquake  in  1755, 
may  have  been  mere  Tibrations  or  undulatory  nfovemeats  of  the  earth's 
emat  prolonged  from  a  great  dbtance.  Others,  however*  have  been  suf- 
ficiently local  to  indicate  a  source  of  disturbance  immediately  under  the 
coiintry  itself.  Notwithstanding  these  shocks,  Scandinavia  has,  upon 
the  whole,  been  as  tranquil  in  modem  times,  and  as  free  from  subter- 
ranean convulsions,  as  any  regk>n  of  equal  extent  on  the  globe.  There 
Is  also  another  eirourostance  which  has  made  the  chan:,'e  of  level  in 
Sweden  appear  anomalous,  and  has  for  a  long  time  caused  the  proofs  of 
the  fact  to  be  received  with  reluctance.  Volcanic  action,  as  we  have 
Been,  is  usually  intermittent :  aiKl  the  variations  of  l.  vol  to  which  it 
has  given  rise  have  taken  place  by  starts,  nut  hy  a  ]irolonj:;ed  and 
ins<^Ti?ible  movement  similar  to  that  experienced  in  .Sweden.  Yet,  as 
we  enlarge  our  experience  of  modern  ciianges,  we  discover  instances 
in  which  the  vulcanic  eruj)tion,  the  e^irthquake,  and  the  permanent  rise 
or  fall  of  land,  whether  slow  or  sudden,  are  all  connected.  The  union 
of  these  various  circumstances  was  exemplified  in  the  case  of  the  temple 
of  Serapis,  described  in  the  last  chapter,  and  we  might  derive  other 
illustrations  from  the  events  of  the  present  century  in  South  America. 

Some  writers,  indeed,  have  imagined  that  there  is  geological  evidence 
in  Norway,  of  the  sudden  upheaval  of  land  to  a  considerable  hdght 
at  successive  periods,  since  the  era  when  the  sea  was  inhabited  by  the 
'  living  species  of  testacea.  They  point  m  pnxtf  to  certain  horizontal 
lines  of  bland  cliflb  and  sea^beaches  containing  recent  shells  at  various 
heights  above  the  level  of  the  sea.t  But  these  appearances,  when  truly 
interpreted,  simply  prove  that  there  have  been  long  pauses  m  the  pro- 
cess of  upheaval  or  subsidence.  They  mark  eras  at  which  the  level  of 
the  sea  has  remained  stationary  for  ages^  and  during  winch  new  strata 
were  depodted  near  the  shore  in  some  places,  while  in  others  the 
waves  and  currents  had  time  to  hollow  out  rocks,  undermine  cliffs, 
and  throw  up  lon;:^  ranjj^es  of  shingle.  They  undoubtedly  show  that 
the  movement  has  not  been  always  unil'orni  or  continuous,  but  they  do 
not  establish  the  fact  of  any  sudden  alterations  of  level. 

«  Sec  Proceedings  of  Oeol  Soe.  Na  42,  p.  208.   I  also  convened  with  Or*  Pia- 
gel  on  the  saWect  at  Copenhagen  in  1884. 
f  Keilksii,  SuUetia  de  la  Soc  Q^oL  de  France,  torn.  viL  18w 
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When  we  are  once  ossnred  of  Uw  teelitj  of  tbe  giadnal  riw  of  a 
large  region,  it  enables  us  to  aeeonst  for  many  geolo^eal  appeaiancca 
otherwise  of  very  diffioult  expknatioD.  ^oie  aie  huge  oootinenial  tnets 
and  high  taUe-Umds  where  the  strata  are  nearly  horisontal,  bearing  no 
marks  of  having  been  thrown  up  by  violeDt  convulsions^  nor  by  a  lettet 
of  movementfly  such  as  those  which  occur  in  the  Andes,  and  cmise  the 
earth  to  be  rent  open,  and  raised  or  depresBed  from  time  to  time,  white 
large  masses  are  engalfed  in  subterranean  cavities.  The  result  of  a  senes 
of  such  earthquakes  might  be  to  produce  in  a  great  l.ipse  of  ages  a 
country  of  shattered,  inclined,  and  perhaps  vertical  strata.  But  a  move- 
ment like  that  of  Scandinavia  would  cause  the  bed  of  thn  sea,  and  all 
the  strata  recently  formed  in  it,  to  be  upheaved  so  gradually,  that  it 
would  merely  seem  as  iF  tlie  ocean  had  formerly  stood  at  a  higher  level, 
and  had  sloAvly  »ind  tranquilly  sunk  down  into  its  present  bed, 

Tlie  fact  also  of  a  very  t^radual  and  insensible  elevation  of  land  may 
explain  many  ^eologiail  movements  of  denudation,  on  a  grand  scale. 
If,  for  example,  instead  of  the  hard  granitic  rocks  of  Norway  and  Swe- 
den, a  large  part  of  the  bed  of  the  Atlantic,  consisting  chiefly  of  soft 
strata,  should  rise  up  century  after  century,  at  the  rate  of  about  half  an 
uich»  or  an  inch,  in  a  year,  how  eauly  might  oceanic  cunenta  sweep 
away  the  thin  film  of  matter  thus  brought  up  annually  witlnn  the  sphere 
of  aqueous  denudation  1  The  tract,  ifhen  it  finally  emerged,  might  pre- 
sent  table-Iands  and  ridges  of  horisootal  strata*  with  intervening  valleys 
and  vast  plains,  where  originally,  and  during  its  period  of  submergence, 
the  surface  was  level  and  nearly  uniform. 

These  speculations  relate  to  superficial  changes ;  but  othen  must  be 
continually  in  progress  in  the  subterranean  regions.  Tbe  foundations  of 
the  country,  thus  gradually  uplifted  in  Sweden,  must  be  unda^going 
important  modifications.  Whether  we  ascribe  these  to  the  expansion  of 
solid  matter  by  continually  increasing  heat,  or  to  the  liqnelaotion  of 
rock,  or  to  the  crysUdlization  of  a  dense  fluid,  or  the  accumulation  cf 
pent-up  gases,  in  wlmtever  conjectures  we  indulge,  we  can  never  doubt 
for  a  moment,  that  at  some  unknown  depth  benonth  Sweden  and  the 
Baltic,  the  structure  of  the  globe  is  in  our  own  timis  bcroininix  changed 
from  day  to  day,  throughout  a  space  probably  more  than  a  thousand 
miles  in  length,  and  several  hundred  m  breadth. 
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GAU8S8  9F  EARTHQUAKES  AND  VOLCAljOES. 

* 

bttimate  coonectiop  beiveen  the  cmum  of  fdbnoM  and  eirthqnnlMit— Suppoted 

original  state  of  fusion  of  the  planet — Universal  fluidity  not  proved  by  sphe- 
roidal figure  of  the  earth — Attempt  to  calculate  tho  tlikkness  of  the  solid  crust 
of  the  earth  by  preccBsional  motion — Heat  in  mines  increasing  with  the  depth 
— Objection!  to  the  supposed  intenae  heat  of  a  central  flnid^Whellier  diemieel 
Ganges  may  prodoM  Toicanie  heat  ■OorrenU  of  daotridtj  etnolatiiif  in  the 
earth'ecroit, 

Ir  will  hardly  Le  questioned,  after  the  dtscription  bofore  given  of  the 
plienomcna  of  earthquakes  and  volcanoes,  that  both  of  these  agents  have, 
to  a  certain  extent,  a  common  origin ;  and  I  may  now,  therefore,  pro- 
ceed to  inquire  into  their  probable  causes.  But  first,  it  may  be  well  to 
reeapUulate  aome  of  tlioae  points  of  relatiaii  and  analogy  wlucli  lend 
natuially  to  the  concluion  that  they  apiiog  from  a  common  aoaroe. 

The  regions  conTulsed  by  violent  earthquakes  indnde  irithin  them 
the  site  of  all  the  actiTO  volcanoes.  Earthquakes,  sometimes  local,  some- 
times  extending  over  vast  areas,  often  precede  voleanb  emptions.  The 
subterranean  movement  and  the  emption  retnm  again  and  again,  at 
irregular  .mtervals  of  time,  and  irith  unequal  degrees  of  ibrce,  to  the 
same  apotSw  The  action  of  either  may  continue  for  a  few  hows*  or  for 
several  consecutive  yean.  Paroxysmal  convulsions  are  usually  followed, 
in  both  cases,  by  long  periods  of  lran(jiiillity.  Thermal  and  mineral 
springs  are  abundant  in  countries  of  earthquakes  and  active  volcanoes. 
Lastly,  hot  springs  situated  in  districts  considerably  distant  from  vol- 
canic  vents  have  been  observed  to  have  their  temperature  suddenly 
raised,  and  the  volume  of  their  water  augmented,  by  subterranean  move- 
ments. 

All  these  appearances  are  evidently  more  or  less  connected  with  the 
pOfesaf^e  of  heat  from  the  interior  of  tlu;  earth  to  the  surface ;  and  where 
there  are  active  volcanoes,  there  must  exist,  at  some  unknown  depth  be- 
low, enormous  masses  of  matter  intensely  heated,  and,  in  many  instances, 
in  a  constant  state  of  faskm.  We  have  &8t»  then,  to  inquire,  whenee  is 
this  heat  derived  ?  , 

It  has  long  be^  a  favorite  conjecture,  that  the  whole  of  onr  planet 
was  originally  in  a  state  of  igneous  fusion,  and  that  the  central  parts 
still  retain  a  great  portion  of  their  primitive  heat.  -Some  have  imagined, 
with  the  late  Sir  W.  Herschel,  that  the  elementary  matter  of  the  earth 
may  have  be  en  first  in  a  gaseous  state,  resembling  those  nebulae  wlueh 
we  behold  in  the  heavenB,  and  which  are  of  dunensions  so  vast,  that  some* 
of  them  would  fill  the  orbits  of  the  remotest  planets  of  our  system.  The 
ucreased  power  of  the  telescope  has  of  late  years  resolved  the  greater 
number  of  these  nebulous  appearances  into  dusten  of  stars,  but  so  long 
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as  thej  were  confidently  supposed  to  coiiBiBt  of  aerifotm  matter  ii  mi  « 
faYorite  eoDjeetitxe  that  they-  might,  if  concentrated,  form  solid  spheies; 
and  it  was  also  imagined  that  the  evolution  of  heat^  attendant  on  con- 
densation, might  retain  the  materials  of  the  new  glohes  in  a  state  el 

inrneous  fusion. 

Without  dwelling  on  such  speeulations,  which  can  only  bave  a  dis* 
tant  bearing  on  geology,  we  may  consider  how  far  the  spheroidal  form 
of  the  earth  affords  sufficient  ground  for  presuming  that  its  primitive 
condition  was  one  of  universal  tluiditv.  The  discussion  of  this  que^tioii 
would  he  supertluou-;,  were  the  doclriiie  of  original  fluidity  loss  popular; 
for  it  may  w  ell  be  asked,  why  the  globe  should  V'  supposed  to  have 
had  a  pristine  shaptj  different  from  the  pre^ieut  cue  ? — why  the  ter- 
restrial materials,  when  tirst  called  into  existence,  or  assembled  to- 
gether in  one  place,  should  not,  have  been  subject  to  rotation,  so  as  to 
assume  at  once  that  form  which  alone  could  retain  their  several  parts  in 
a  state  of  equilibrium  ? 

Let  IIS,  however,  concede  thst  the  statical  iigure  may  he  a  modifica* 
tion  of  some  other  pre-existit^  fonn;  and  snppoee  the  globe  to  have  bem 
at  first  a  perfect  and  quiescent  sphere,  covered  with  a  vmfonn  ocean — 
what  would  happen  when  it  was  made  to  turn  round  on  its  axis  with  its 
present  velocity  t  This  problem  has  been  considered  hj  Playfair  ia  bis. 
Illustrations,  imd  he  has  decided,  that  if  the  surface  of  the  earth,  as  laid 
down  in  Hutton's  theory,  has  been  repeatedly  changed  by  the  transpor- 
tation of  the  detritus  of  the  land  to  the  bottom  of  the  sea,  the  figure  ol 
the  planet  must  in  that  4Wae,  whatever  it  may  have- been  origbally,  be 
brought  at  length  to  coincide  with  the  spheroid  of  equilibrium.*  Sir 
John  Herschel  also,  in  reference  to  the  same  hypothesis,  obsen  es,  "  n 
centrifugal  force  would  in  that  case  be  generated,  whose  general  tend- 
ency would  be  to  lurge  the  water  at  every  point  of  the  surface  to  recede 
from  the  axis.  A  rotntion  might  indeed  be  conceived  so  swift  as  to  flirt 
the  wliule  ocean  from  the  surface,  like  water  from  a  mop.  But  this  would 
require  a  far  greater  velocilv  than  what  we  now  speak  of.  In  the  case 
supposed,  the  wsiffht  of  the  water  would  still  keep  it  on  the  eartii  ;  and 
the  tendency  to  recede  from  the  axis  could  only  be  satisfied  therefore  by 
the  water  leaving  the  poles,  and  flowing  towards  the  equator ;  there 
heaping  itself  up  in  a  ridge,  and  being  retamed  in  opposition  to  its  weight 
or  natural  tendency  towards  the  centre  by  the  pressure  thus  caused. 
This,  however,  could  not  take  place  without  laying  dry  the  polar  regions, 
so  that  protuberant  land  would  appear  at  the  poles,  and  a  sone  of  ocean  ' 
be  disposed  around  the  equator.  This  would  be  the  first  or  immediaie 
effect  Let  us  now  see  what  would  afterwards  happen  if  thinga  were 
allowed  to  take  their  natural  course. 

^  **  The  sea  ia  constantly  beating  on  the  land,  grinding  it  down,  and 
scattering  its  wom-off  particlea  and  fragments,  in  the  state  of  sand  and 
pebbles,  over  its  bed.   Geological  facts  afford  abundant  proof  that  the 

•  mart,  of  Halt  Theory,  §  485>448. 
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euKling  ecmtiBflBto  have  all  of  them  undergone  this  process  even  more 
than  oDee^  and  jxen  entirdj  torn  m  fragments,  or  reduoed  to- powder, 
and  siibmeiged  and  recoostmcted.  Land,  in  tbb  view  of  tbe  snbjeeti 
loses  its  attribute  of  fixity.  As  «  mass  it  mjgbt  hold  together  in  oppo* 
sition  to  forces  which  the  water  freely  obeys ;  but  in  its  state  of  succes- 
sive  or  simnltaneons  d^radation,  when  dioseminated  through  the  water, 
in  the  state  of  sand  or  mud,  it  is  subject  to  all  the  impulses  of  that  fluid. 
In  the  hpse  of  time,  then,  the  protuberant  land  would  be  destroyed,  and 
spread  over  the  bottom  of  the  ocean,  filling  up  the  lower  parts,  and  tend- 
ing continually  to  remodel  the  surface  of  the  solid  nucleus,  in  corre- 
spondence with  {ho  form  of  equilibrium.  Thus  after  a  sufficient  lapse  of 
timo,  in  the  case  of  an  earth  in  rotation,  tlic  pohir  prolaberana^s  would 
gradually  be  cut  down  and  disap])oar,  being  transferred  to  the  ecjuator 
(as  hem^f  then  the  deepest  sea),  till  the  eartli  would  assume  by  de- 
grees the  form  we  observe  it  to  have^ — that  of  a  flattened  or  oblate 
eUipsoid. 

**  We  are  far  from  meaninpj  here  to  trace  the  process  bu  ichich  <he 
earth  really  assumed  its  actual  form  ;  all  we  intend  is  to  show  ihaL  this 
is  the  form  to  which,  under  u  condiliuu  of  a  rotation  on  its  axis,  it  must 
tend,  and  which  it  would  attun  even  if  originally  and  (so  to  speak)  per- 
Tmely  constituted  otherwise.**^ 

In  this  passage,  the  author  has  contemplated  the  superficial  effects  of 
aqueous  causes  only ;  but  neither  he  nor  Play&hr  seem  to  have  followed 
out  the  same  inquiry  with  reference  to  another  part  of  Button's  system; 
namely,  that  which  assumes  the  successive  fusion  by  heat  of  different 
parts  of  the  solid  earth.  Yet  the  progress  of  geology  has  continually 
strengthened  the  evidence  in  favor  of  the  doctrine  that  local  variations  of 
temperature  have  melted  one  part  after  another  of  the  earth's  crust,  and 
this  influence  has  perhaps  rxtt  nded  downwards  to  the  very  centre.  If, 
therefore,  before  the  globe  had  assumed  its  present  form,  it  was  made 
to  revolve  on  its  axis,  all  matter  to  which  freedom  of  motion  was  given 
by  fusion,  must  before  coosoUdating  have  been  impelled  towards  the 
equatorial  regions  in  obedience  to  the  centrifugal  force.  Thus  la^'n  flow- 
inq-  out  in  superficial  streams  would  have  its  motion  retarded  when  its 
direction  was  towards  the  pole,  accelerated  when  towards  the  equator ; 
or  if  lakes  and  seas  of  lava  existed  beneath  the  earth's  ciusi  m  equato- 
rial regions,  as  probably  now  beneath  the  Peruvian  Andes,  the  impris-' 
oned  fluid  would  force  outwards  and  permanently  u])heave  the  over- 
lying rocks.  The  statical  figure,  therefore,  of  the  terrestrial  spheroid 
(of  which  the  longe&t  diameter  exceeds  the  shortest  by  about  twenty-five 
miles),  may  have  been  the  result  of  gradual  and  even  of  existing  causes, 
and  not  of  a  primitive,  Tmiversol,  and  simultaneous  flnidity.f 

experiments  made  with  the  pendulum,  and  observations  on  the  mai^ 
ner  in  which  the  earth  attracts  the  moon,  have  shown  that  our  planet  is 

♦  ncr«!chc!'p  Astronomy,  chap.  iii. 

\  ijee  Uonnessj,  On  Changes  in  Earth's  Figure,  ix,  Journ.  QeoL  Soc.  DubUn, 
IM9;  sad  Proa  Boy.  Irish  lesd.  vol  ir.  p.  337. 
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not  an  empty  sphere,  hak,  on  the  eootraiy,  that  Hb  mterior,  wlttdMr 
solid  orflitid»  has  a  higher  speoific  gnanij  than  the  exterior.  Itbai 
aho  heen  inferred,  that  there  is  a  regular  iocfease  in  denatj  from  flu 
smface  towards  the  centfe»  and  that  the  equatorial  protnberanee  ii  eon* 
tinned  inwards ;  that  is  to  aaj,  that  layers  of  eqnal  deadif  are  anangsd 
elfiptically,  and  symmetrically,  from  the  exterior  to  the  eentie.  Theae 
conclusions,  however,  bave  been  deduced  xather  ns  a  oonsequenes  d 
the  hypothesis  of  primitive  and  simultaneous  fluidity  than  proved  by  , 
experiment.  The  inequalities  in  the  moon's  moUoo,  by  which  someiiSTe 
endeavored  to  con6rm  them,  are  so  extremely  slight,  that  the  opinion 
can  be  ref^^nrded  ns  little  more  than  a  probable  conjecture: 

The  mean  density  of  the  earth  has  b*  ^-n  computed  by  Laj>la'^('  to  be 
about  6^,  or  more  than  five  times  that  of  water.  Now  the  specific 
gravity  of  many  of  our  l  ocks  is  from  2^  to  3,  and  tlie  greater  part  of 
the  metals  ranjie  between  tliat  deiisitv  and  21.  Hence  some  have 
imagined  that  the  terrestrial  micleus  may  be  metallic— that  it  m.iy  cor- 
respond, for  example,  with  the  specific  gravity  of  iron,  which  is  about  7. 
But  here  a  curious  question  arises  in  regard  to  the  fonii  which  mate- 
rials, whether  fluid  or  solid,  might  asbunic,  if  subjected  to  the  enormous 
pressure  which  must  obtain  at  the  earth's  centre.  Water,  if  it  continned 
to  decrease  in  volume  according  to  the  rate  of  compressibility  deduced 
from  experiment,  wonld  have  its  density  doubled  at  the  depth  of  nmety- 
three  miles*  and  he  as  heavy  as  mercury  at  the  depth  of  362  miles. 
Dr.  Young  computed  that,  at  the  earth's  centre,  steel  would  he  com- 
pressed into  one^fourth,  and  stone  into  one<eighth  of  its  bulk.*  It  it 
more  than  probable,  however,  that  after  a  certain  degree  of  eondeoasp 
tion,  the  compressibility  of  bodies  may  be  governed  by  laws  altogeChar 
different  from  tlujse  which  we  can  put  to  the  test  of  experiment ;  but 
the  limit  is  still  undetermined,  and  the  subject  is  involved  in  such  ob- 
scurity^  that  we  cannot  wonder  at  the  variety  of  notions  which  have 
been  entertuned  respeoting  the  nature  and  conditions  of  the  oeotial  na- 
eleus.  Some  have  conceived  it  to  bo  fluid,  others  solid  ;  some  Iiave 
ima^nned  it  to  have  a  cavernous  structure,  and  have  even  endeavored  to 
continn  this  opinion  by  ajipealing  to  observed  irregularities  in  the  vibra* 
lions  of  the  pendulum  in  certain  countries. 
'  An  attempt  has  recently  been  made  by  Mr.  Hopkins  to  determine 
the  least  thickness  which  can  be  assigned  to  the  solid  crust  ut  the  globe, 
if  wo  assume  the  whole  to  have  been  once  perfectly  fluid,  and  a  certain 
portion  of  the  exterior  to  have  acquired  solidity  by  gmdwal  refrigeration. 
This  result  he  has  endeavored  to  obtain  by  a  new  solution  of  the  deli- 
cate problem  of  the  precessional  motion  of  the  pole  of  the  earth.  It  is 
well  known  that  while  the  earth  revolves  round  the  sun  the  direction  of 
ita  axis  remams  veiy  nearly  the  same,  t. its  diffident  pootioiis  in  space 
are  all  nearly  parallel  to  each  other.   This  parallelism,  however,  is  not 

*  Young's  Lectures,  u»d  Mrd.  Samorviile's  Ckmnectioo  of  the  Physical  Sct«oc«i^ 

n.90. 
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accurately  preserved,  so  that  the  axis,  instead  of  coming  exactly  into 
ilie  position  which  it  occupied  a  year  before,  becomes  inclined  to  it  ftt  a 
Teiy  small  angle,  but  always  retaimng  very  iieirly  tha  same  ineUn^OQ 
to  the  plane' of  the  earth's  orbit.  This  motioB  of  the  pole  changes  the 
positioii  of  the  eqninoies  by  about  fifty  seeouds  annually,  and  always 
in  the  same  dueetion.  Thus  the  pole-star,  after  a  eertain  time,  will 
eotirely  lose  its  claim  to  that  appellation,  until  in  the  course  of  somewhat 
mere  than  25,000  years  the  earth's  axis  shall  again  occupy  its  present 
sngnlar  podtioBp  and  again  point  very  nearly  as  now  to  the  pole-star. 
Thk  modon  of  the  axis  is  called  precession.  It  is  caused  by  the  attrac- 
tioD  of  the  surf  and  moon,  and  principally  the  moon,  on  the  protuberant 
pai'^  f  the  earth's  equator;  and  if  these  parts  were  solid  to  a  great 
depth,  ih):  motion  thus  produced  would  di^er  considenibly  from  that 
which  would  exist  if  they  were  perf<  i  tly  fluid,  and  incrusted  over  with 
a  thin  shell  only  a  few  miles  thick.  In  other  worJ.<,  the  disturbing  ac- 
tion of  the  ninon  will  not  b<*  thf  same  upon  a  i^dobo  all  solid  and  upon 
one  nearlv  all  tluici,  or  it  will  not  b"  the  same  upon  a  i^loho  in  which 
the  solid  shell  forms  one-half  of  the  mass,  and  another  in  which  it  forms 
only  one-tentli. 

Mr.  Hopkins  has,  therefore,  calculated  the  amount  of  prcccssional  mo- 
uon  which  would  result  if  we  assume  the  earth  to  be  eonstituted  as 
above  stated  ;  i.  e.  fluid  iuternall}',  and  enveloped  by  a  solid  shell ;  and 
be  finds  that  the  amount  will  not  agree  with  the  observed  motion,  unless 
the  crust  of  the  earth  be  of  a  certein  thickness.  In  calculating  the  ex- 
act amount  some  ambiguity  arises  in  consequence  of  our  ignorance  of  the 
e&ct  of  pressure  in  promoting  the  solidi6cation  of  matter  at  high  tem- 
pentnres.  The  hypothesis  least  favorable  for  a  great  thickness  is  found 
to  be  that  which  assumes  the  pressure  to  produce  no  effect  on  the  pro- 
cess of  solidifieatkm.  Even  on  this  extreme  assumption  the  thickness  of 
the  solid  erust  must  be  nearly  fiur  hundred  nUles,  and  this  would  Itiad 
to  the  remarkable  r^ult  that  the  proportion  of  the  solid  to  the  fluid  part 
would  be  as  40  to  51,  or,  to  speak  in  round  numbers,  there  would  be 
nearly  as  much  solid  as  fluid  matter  in  the  i^lube.  The  conclusion,  how- 
ever, which  Mr.  Hopkins  announces  as  that  to  which  his  researches 
hare  finallr  conducted  him,  is  thus  expressed:  "Upon  tlie  whole,  then, 
we  may  venture  to  assert  that  the  minimum  thiekness  of  the  crust  of  the 
globe,  which  can  be  deemed  consistent  with  the  observed  amount  of  pre- 
cession, cannot  be  less  than  one-fourth  or  one-liltiiof  the  earth's  radius." 
That  IS  Irom  800  to  lOOu  miles.* 

It  will  be  remarked,  that  this  is  a  minimum,  and  any  still  nreater 
amount  would  be  quite  consistent  wiih  the  actual  phenomena  ;  the  calcu- 
lations not  being  opposed  to  the  supposition  of  the  general  solidity  of  the 
entire  globe.  Nor  do  they  preclude  us  from  imaginix^  that  great  lakes 
or  seas  of  melted  matter  may  he  distributed  through  a  shell  400  or  800 

*  PbiL  TroDi,  1889,  and  lie^.  ardiei  in  ftiyRical  Geology,  Ist,  2d,  and  3d  aeriei^ 
IvDTulon,  abo  oo  Pheoomeiia  and  Theory  of  Vokaooe^  Aeport  Jlrit 
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miles  thick,  provided  they  be  so  inclosed  as  to  move  -with  it,  whatever 
mot  inn  f  r  7  station  may  be  commumcate(}^  by  the  disturbing  forces  of  the 
sun  and  moon. 

Central  heat. — The  li y]ll)the^.is  of  iuterual  fluidity  calls  for  the  more 
attentive  consideration,  us  it  has  been  found  that  the  heat  in  mines  aug- 
ments in  proportion  as  we  descend.  Observations  have  been  made,  not 
only  on  the  temperature  of  tho  air  in  mines,  but  on  that  of  the  rocks, 
and  on  the  water  issuing  from  thera.  The  mean  rate  of  increase,  calcu- 
hted  from  results  obtained  in  six  of  tbe  deepest  coal  mines  in  Dmliam 
and  Northumberland,  is  1^  Fahr.  for  a  descent  of  forty-four  English 
feet^*  A  s^ies  of  obeerrations,  made  in  several  of  th€  principsl  lead 
and  silver  mines  in  Satonj,  gave  1*  Fahr.  for  every  si%ty-five  feet  In 
this  case,  the  bulb  of  (he  thennometer  was  introduced  mto  cavities  pur- 
posely out  in  the  solid  xock  at  depths  vaiymg  from  200  to  above  900feei. 
But  in  other  mines  of  the  same  oountiy,  it  waa  necessary  to  descend 
thrice  as  far  for  each  degree  of  tempeniture.t 

A  thermometer  was  fixed  in  the  rock  of  the  Dolcoath  mhie,  in  Com- 
wall,  by  Mr.  Fox,  at  the  great  depth  of  1880  feet,  and  frequently  ob- 
served during  eighteen  months  ;  the  mean  temperature  was  66°  Fahr., 
that  of  the  surface  being  50°,  which  gives  1®  for  every  seventy-five  feet. 

KupfTer,  after  an  extensive  comparison  of  the  results  in  diflerent  coun- 
tries, makes  the  increase  1^  F.  for  about  every  thirty-seven  English  feet.| 
M.  Corflier  nnnrimices,  as  the  result  of  his  experiments  and  obser>'ation? 
on  the  temperature  of  the  interior  of  the  earth,  that  the  heat  incr<vi>(> 
rapidly  witii  the  depth  ;  but  the  increase  does.not  follow  the  same  law 
over  the  whole  earth,  being  twice  or  three  times  as  mucii  in  one  countrv 
as  in  another,  and  these  differences  are  not  in  constant  relation  either 
with  the  latitudes  or  longitudes  of  places.^  He  is  of  opinion,  huwever, 
that  the  increase  would  not  be  overstated  at  1°  Cent,  for  every  twenty- 
five  metres,  or  about  1^  F.  for  every  forty-five  feet|  The  eiperineatal 
well  bored  at  Crenelle,  near  Paris,  gave  about  1**  F.  for  eveiy  sixty 
English  feet,  when  they  had  reached  a  depth,  of  1812  feet. 

Some  writers  have  endeavored  to  refer  these  phenomena  (wbieb,  how- 
ever discordant  as  to  the  ratio  of  increasing  heat,  appear  all  to  point  one 
way)  to  the  condensation  of  air  constantly  descending  from  the  sorfiee 
into  the  mmes.  For  the  air  under  pressure  would  give  out  latent  heat, 
on  the  same  principle  as  it  becomes  colder  when  rarefied  in  the  higher 
r^ions  of  the  atmosphere.  But,  besides  that  tbe  quantity  of  heat  is 
greater  than  could  be  supposed  to  flow  from  this  source,  the  argument 
has  been  answered  in  a  satisfactory  manner  by  Mr.  Fox,  who  has  shown, 
that  in  the  mines  of  Cornwall  the  ascending  have  generally  a  higher 

« 

*  EJ.  Journ.  of  Sci.  April,  1832. 

+  Cordier,  Mem.  de  linatit.  torn,  viL  \  Pog.  Ann.  torn.  xv.  p.  169. 

^  See  M.  Cordier'fl  Memoir  on  tbe  Temperature  of  the  Interior  of  the  £arth, 
read  to  tlic  Academy  of  Scienoe%  4th  June,  IBST^Edin.  New  FhiL  Jomail^  Ko 
viii.  p.  278. 

I  Gordier,  M^m.  de  rioatit.  torn,  vil 
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lempenture  ibim  the  descending  aerial  currents.  The  diffinrence  be* 
tween  them  was  found  to  vaiy  from  9^  Co  11^  F. ;  a  |iroof  ihat»  instead 
of  unparling  heat»  these  currents  actuaUj  cany  off  a  laige  quantity  from 
the  muies.* 

.  If  we  adopt  H.  Oordier'a  estimate  of  1°  F.  for  every  45  feet  of  deptn 
as  the  mean  result^  and  assume,  with  the  advocates  of  central  fluidity, 
that  the  increasing  temperature  is  continued  downwards,  we  should 
reach  the  ordinary  boiling  point  of  water  at  about  two  miles  below  the 

surface,  and  at  the  depth  of  about  twenty-four  miles  should  arrive  at 
the  melting  point  of  iron,  a  heat  sufiioient  to  fuse  almost  every  known 


SidfoD  of  the  earUi,  in  wUfch  the  breadth  of  the  outer  boundnry  lino  represcuU  a.  Uikkneas  of 
Walks;  tlMSp«ea  batwoen  the  drelM^lncliHliitc  tlie  breadth  of  the  lines,  SOO  lailm. 

f.ubstance.    The  temperature  of  melted  iron  was  estimriled  at  21,000** 
F.,  by  Wedgwood ;  but  his  pyrometer  gives,  us  is  now  demonstrated, 
very  erroneous  results.    Professor  Daniell  ascertained  liiuL  the  point  of 
fusion  is  2780^  i'.f 
According  to  Mr.  DanieH's  scale,  we  ought  to  encounter  the  intenial 

*  Phil.  Ma:,',  and  Ann.  Feb.  ISno. 

f  The  heat  was  measured  in  Wedgwood's  pyrometer  by  tho  coutractioa  of 
pan  clay,  vhich  is  redneed  in  vdome  when  heated,  first  by  the  loss  of  its  water 

of  combination,  and  afterwards,  on  the  application  of  more  intense  boat,  by  incip« 
ient  vitrificiition,  Thp  expansion  of  plntin-i  is  the  test  employed  by  Mr.  Daniell 
in  his  pyroinet4er,  -.luA  ilm  has  bccu  found  to  yield  uuiform  and  constant  results, 
>uch  us  are  in  perfect  Iiarraooy  with  conclusions  drawn  from  vurious  other  inde- 

E indent  sources.    The  instrimient  for  which  the  author  received  the  Rumfonl 
edal  from  the  Royal  Society,  in  lb38,  is  described  ia  the  Phil  lYaus.  1830,  part 
ii,aiidmi»pwtiL 
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melted  snttor  before  penetiatii^  tiuoo^li  a  tbiekiM  lepraaeited  by 
that  of  ihid  outer  oireukr  line  in  tlie  annexed  diagram  (fig.  98) ;  wheieUk 
if  the  otiier  or  lesa  correct  scale  be  adopted,  ire  efaoiild  meet  with  it  at 

some  point  between  the  two  circles ;  tbe  space  between  them,  together 
with  the  lines  themselves,  xepreaentbg  a  crust  of  200  miles  in  depih. 
.  In  either  cue,  we  must  be  prepared  to  maintaiQ  that  a  temperature 
many  times  greater  than  that  sufficient  to  melt  the  most  refractory  sub- 
stances known  to  us,  is  sustained  at  the  centre  of  the  globe;  while  a 
comparatively  thin  crust,  rcstinf^  upon  the  Ihiid,  remains  unnielted ;  or 
is  even,  accorditK^'  to  M.  Cordier,  increasing  in  Lhickne?'^.  by  the  continual 
addition  of  new  mtomal  layers  solidified  during  the  process  of  rei'rig- 
«ration. 

The  niatheraatical  calculations  of  Fourier,  on  the  pa:>iage  of  heal 
through  conducting  bodies,  liavc  been  since  appealed  to  in  support  of 
these  views;  fur  he  has  shouii  liiat  it  is  compalible  with  theory  that 
the  present  temperature  of  the  surface  might  coexist  with  an  intense 
beat  at  a  certain  depth  below.  But  his  reasoning  seems  to  be  codined 
to  the  condnetkm  of  heat  through  solid  bodies ;  and  the  cooditioiis  of 
the  problem  are  wholly  altered  when  we  reason  about  a  fluid  oueleiub  aa 
we  must  do  if  it  be  assumed  that  the  heat  augments  from  the  surface 
to  tbe  interior,  according  to  the  rate  obserred  in  minea.  For  when  the 
heat  of  the  lower  portion  of  a  fluid  b  increased,  a  cireulation  begins 
throughout  tbe  mass,  by  the  ascent  of  hotter,  and  tbe  descent  of  colder 
currents.  And  this  cu-culation^  which  is  quite  disUnct  from  the  mode 
in  which  heat  is  propagated  through  solid  bodies,  must  evidently  occur 
in  the  supposed  central  ocean,  if  the  laws  of  fluids  and  of  heat  are  the 
same  there  as  upon  the  surface. 

In  Mr.  Daniell's  experiments  for  obtauiing  a  measure  of  the  heat  of 
bodies  at  their  point  of  fusion,  he  invariably  found  that  it  wjis  impossible 
to  raise  the  heat  of  a  large  crucible  of  melted  iron,  gold,  or  silver,  a  sin- 
gle degree  beyond  the  melting  puint,  so  lonnr  as  a  bar  of  the  respective 
metals  was  kept  immersed  in  the  liuid  piu  ii  us.  So  in  regard  to  other 
substances,  however  great  the  quantities  fused,  their  temperature  could 
not  be  raised  while  any  solid  pieces  immersed  in  them  remmaed  un- 
melted ;  every  accession  of  he^it  being  instantly  absorbed  during  their 
liquefaction.  ThciiC  results  are,  in  l<»ci,  no  more  than  the  extension  of  a 
principle  previously  established,  that  so  long  as  a  fragment  of  ice  re- 
mains in  water,  we  cannot  raise  the  temperature  ol  the  water  abova 
82'>  F. 

If,  then,  the  heat  of  the  earth's  centre  amount  to  450,000^  F.,  as  M. 
Cordier  deems  highly  probable,  that  is  to  say,  about  twenty  tonea  the 
heat  of  melted  hfon,  even  aooordmg  to  Wedgwood's  scaK  and  vpwda 
of  IdO  times  according  to  the  unprored  pyrometer,  it  ia  olear  that  the 
upper  parts  of  the  fluid  msss  could  not  long  haTC  a  temperature  only 
just  sufficient  to  melt  rocks.  There  must  he  a  continual  tendency  to- 
wards a  uniform  heat ;  and  until  this  were  accomplished,  by  the  inter- 
.ehanga  of  portions  of  fluid  of  different  densities,  the  sur&ce  coold  not 
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begia  to  ooQBofidate.  Nor,  on  the  bypotlnmi  of  primUiTe  flniditj,  can 
W9  eoDceiTe  anj  cnut  to  Haye  been  formed  until  fhf  whoU  planet  had 
Qooled  down  to  about  the  temperature  of  indpient  fusion. 

It  eannot  be  objected  that  hydrostatic  pressure  would  pierent  a  ten- 
deni^  to  equalization  of  temperature ;  for,  as  far  as  obserratioos  have 
yet  been  made,  it  is  found  that  tlie  waters  of  deep  lakes  and  seas  are 
governed  by  the  same  laws  as  a  shallow  pool ;  and  no  experiments  indi- 
cate that  solids  rosist  fujiinn  under  hiixh  pressure.  Tho  arc^uments,  in- 
deed, now  controverted,  always  proceed  on  the  admissioa  tliat  the  inter- 
oal  nucleus  is  in  a  state  of  fusion. 

It  may  be  said  tliat  we  may  stand  upon  the  hardened  siirfacc  of  a  lava- 
current  wiiile  it  is  still  in  motion, — nay,  may  descend  into  tlie  crater  of 
Vesuvius  after  an  eruj)fion.  and  stand  on  the  scoriae  while  every  crevice 
shows  tiiat  tlie  rock  is  red-hot  two  or  three  feet  below  us  ;  and  at  a 
somewhat  greater  depth,  all  is,  perhaps,  in  a  state  of  fui.ion.  May  not, 
then*  a  much  more  intense  heat  be  expected  at  the  depth  of  several 
hnndted  yards,  or  miles  ?  The  answer  is, — that  until  a  great  quantity 
of  heat  hsa  been  given  off,  eidier  by  the  emission  of  lava,  or  in  a  latent 
fonn'by  the  evolution  of  steain  and  gas,  the  melted  matter  continues  to 
bofl  m  the  crater  of  a  volcano.  But  ebullition  ceases  when  there  is  no 
longer  a  sufiBeient  supply  of  heat  from  below,  and  then  a  emst  of  lava 
nsy  form  on  the  top,  and  showers  of  scoriaa  may  then  descend  upon 
the  surface,  and  remain  unmelted.  If  the  internal  heat  be  raised  again, 
ehuQition  will  recommence,  and  soon  fuse  the  superficial  crusty  So  in 
the  case  of  the  moving  current,  we  may  safely  assume  that  no  part  of 
the  liquid  beneath  the  hardened  surface  is  much  above  the  temperature 
sufficient  to  retain  it  in  a  state  of  fluidity. 

It  may  assist  us  in  fomiinQf  a  clearer  view^  of  the  doctrine  now  con- 
troverted, if  we  consider  what  would  happen  were  a  globe  of  homf)ge- 
neous  composition  placed  under  circumstances  annlotrou'?,  in  roc^ird  to 
the  distribution  of  he-at.  to  those  above  stated.  If  the  whole  planet,  for 
exampl**,  were  unji,  t>;fd  of  "water  covored  with  a  spheroidal  crust  of  ice 
tifty  miles  ilnck,  and  with  an  interior  ocean  havini;  a  central  heat  about 
two  hundred  times  that  of  the  melting  point  of  ice,  or  0400^  F. ;  and  if, 
between  the  surface  and  the  centre,  there  was  every  intermediate  degree 
of  temperature  between  that  of  melting  ice  and  that  of  the  central  nu- 
dens eouM  such  a  state  of  things  last  for  a  moment  f  If  it  must  be 
conceded,  in  this  case,  that  the  whole  spheroid  would  be  instantly  in  a 
•tate  of  violent  ebullition,  that  the  ice  (instead  of  being  strengthened 
smrasUy  by  new  intetnal  layers)  would  soon  melt»  and  form  part  of  an 
'rtmosphero  of  steam — on  what  principle  can  it  be  maintained  that  anal- 
ogous effects  would  not  follow,  in  regard  to  the  eartb,  under  the  oondi- 
tions  assumed  m  the  theory  of  central  heat?* 

*  Th«  above  ratnsrln  are  reprinted  Terbetiai  fion      third  edition,  Mey,  1884 

A  tnoriidir  was  afttTwarda  commnnicatccl  bv  M.  Poi-><'in  to  tin'  Aci'li  iny  <>f 
Sdeoccs,  Janunnr.  1 8;{7.  on  the  solid  parts  of  the  globe,  ocMit^unini^  an  epitome  of  a 
Vwll  entitled  i  beorie  Matbc-matique  la  Chakar,"  published  in  1489.  In  this 
aiCBMiir  he  cootzoforte  Ihe  doetrine  of  the  high  tempsratnro  of  acenlral  fluid  oa 
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M.  Cordier  admiU  that  there  must  be  tides  in  the  iiKenud  mdted 
ocean ;  but  their  effect,  he  says,  has  become  feeble,  although  origiDally, 
when  the  fluidity  of  the  globe  was  p^ect,  "  the  nse  and  fall  ef  time 
ancient  land  tides  could  not  have  been  lesa  than  from  thirteen  to  aiteen 
feet."  Now,  granting  for  a  moment,  that  these  tides  have  become  so 
feeble  as  to  be  incapable  of  causing  the  fissured  shell  of  the  earth  to  be 
first  uplifted  and  then  depressed  every  six  hours,  still  may  we  not  ssk 
whether,  during  eruption^  the  lava,  which  is  supposed  to  communioitc 
->rith  a  great  central  ocean,  would  not  rise  and  fall  sensibly  in  a  crater 
such  n9  Stromboii,  where  there  is  always  melted  matter  in  a  state  af 
ebullition  ? 

Whether  chemical  chanr/es  may  produce  volcanic  h^at. — Havinn;  pow 
explaineJ  the  reasons  which  have  induced  mc  to  question  the  hypothesis 
of  central  lieat  the  primary  source  of  volcanic  net  ion,  it  itATimn«to 
coiiMtit-u  what  has  been  termed  the  chemical  theory  of  volcanoes  It  is 
well  known  tluit  nianv,  perliaps  all,  of  the  substances  of  which  the  earth 
is  composed  arc  coiiLiiuuilly  undergoing  chemical  chanjres.  To  whai 
depth  these  processes  may  be  continued  downwards  must,  in  a  great 
degree,  be  matter  of  conjecture ;  but  there  is  no  reason  to  suspect  that, 
if  we  could  descend  to  a  great  diaCanoe  firom  the  sutfaee,  ws  shoold  find 
elementary  substances  differing  essentially  from  those  with  winch  we  are 
acquainted. 

All  the  jK»lid,  fluid,  and  gaseous  bodies  known  to  us  consist  of  a  veiy 
small  number  of  these  elementary  substances  variously  combined:  the 
total  number  of  elements  at  present  known  is  less  duui  sixty ;  and  not 
half  of  these  enter  into  the  composition  of  the  more  abundant  inorgsale 
productions.  Some  portions  of  such  compounds,  are  daily  undergoiiig 
decomposition,  and  their  constituent  parts  being  set  free  are  passing  into 
new  combinations.  These  processes  are  by  no  means  confined  to  miner- 
ais  at  the  earth's  surface,  and  are  very  often  nrcompanied  by  the  evolu- 
tion of  heat,  which  is  intense  in  proportion  to  the  rapidity  of  the  combi* 
nations.    At  the  same  time  there  is  a  development  of  electricity. 

The  spontaneous  combustion  of  beds  of  bituminous  sliale,  and  of  refuse 
coal  thrown  out  of  mines,  is  genemlly  due  to  the  decomposition  o{  pvrites; 
and  it  is  the  contact  of  air  and  water  which  brings  about  the  change. 
Heat  results  from  the  oxidation  of  the  sulphur  and  iron,  thout:jh  on  what 
prinripl(»  heat  is  generated,  when  two  or  more  bodies  having  a  strooj^ 
athimy  for  each  other  unite  suddenly,  is  wholly  unexplained. 

Electricity  a  source  of  volcanic  heat.—li  has  already  been  stated,  that 
chemical  changes  develop  electricity ;  which,  in  \\&  turn,  becomes  a 
powerful  disturbing  cause.  As  a  chemical  agent,  says  Davy,  its  silent 
and  slow  operation  in  the  economy  of  nature  is  much  more  important 
than  its  grand  and  impressive  operation  in  lightning  and  thunder.  It 
may  be  considered,  not  only  as  directly  producing  an  iafinite  variety  of 

similar  ^ands  to  those  above  stated.  He  imagiQCs,  that  if  the  globe  ever  pused 
from  a  liquid  to  a  solid  stato  br  radiation  of  heat,  the  central  nucleua  moit  hsva 
began  to  cool  and  oouolidate  urst 
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changes,  but  ai  jnfluendog  almost  all  which  take  place ;  it  would  seem, 
indeed,  that  chemical  attraction  itself  is  only  a  peculiar  fojm  of  the  exhi- 
bition  of  electrical  attraction.* 

* 

Now  that  it  haa  been  demonatrated  that  magnetiam  and  electricity 
are  always  aasoctated,  andf  are  perhaps  only  diflferent  oonditions  of  the 
same  power*  the  phenomena  of  terrestrial  magnetism  have  become  of 
no  ordinary  interest  to  the  geologist,  Soon  after  the  first  great  dis- 
coreiies  of  Oersted  in  electro-magnetism.  Ampere  suggested  that  all 
'  the  phenomena  of  the  magnetic  needle  might  be  explained  by  suppos- 
ing currents  of  electricity  to  circulate  constantly  in  the  shell  of  the 
globe  in  directions  parallel  to  the  magnetic  equator.  This  theory  has 
acquired  additional  consistency  the  farther  we  have  advanced  in  science ; 
and  acrordiri'::^  to  tlip  oxpcriments  of  Mr.  Fox,  on  the  electro-magnetic 
properties  of  melulliforous  veins,  somo  trace  of  electiic  currents  seems  to 
havo  been  deloctod  in  the  interior  of  tlic  carth.f 

Some  philosopliers  ascribe  these  currents  to  tlie  ciiemical  action  c^oinLC 
on  in  the  superlicinl  parts  of  the  globe  to  wliicli  air  and  water  have  tlie 
readiest  access  ;  while  others  refer  them,  in  part  at  least,  to  thermo- 
electricity excited  by  tlic  solar  rays  on  the  surface  of  tlie  earth  during 
its  rotation  ;  successive  parts  of  the  atmosphere,  land,  and  sea  being 
exposed  to  the  influence  of  tlie  sun,  and  then  cooled  again  in  the  night. 
That  this  idea  is  not  a  mere  speculation,  is  proved  by  the  correspond- 
ence of  the  diurnal  yariations  of  the  magnet  with  the  apparent  motion 
of  the  son ;  and  by  the  greater  amount  of  variation  in  summer  than  in 
winter,  and  during  the  day  than  in  the  night.  M.  de  la  Rive,  although 
conceding  that  Bucb  minor  variations  of  the  needle  may  be  due  to 
thermo-electricity,  contends  that  ihe  general  phenomena  of  terrestrial 
magnetism  must  be  attributed  to  currents  far  more  intense;  which, 
though  liable  to  secular  ^uctuations,  act  with  much  greater  constancy 
and  regularity  than  the  causes  which  j^roduce  the  diurnal  variationa.| 
The  remark  seems  just;  yet  it  is  difficult  to  assign  hmits  to  the  accu- 
mulated influence  even  of  a  very  feeble  force  constantly  acting  on  the 
whole  surface  of  the  earth.  This  subject,  however,  must  evidently 
remain  obscure,  until  we  become  acquainted  with  the  causes  which 
a  determinate  direction  to  the  supposed  electric  currents.  Already  the 
experiments  of  Faraday  on  the  rotation  of  mar^ncts  have  led  him  to 
speculate  on  the  manner  in  which  the  earth,  when  once  it  had  become 
magnetic,  might  produce  electric  currents  witliin  itself,  in  consequence 
of  its  diurnal  rotation.§  We  have  seen  also  in  a  former  chapter  (p.  129) 
that  the  recent  observations  of  Schwabc,  1852,  liavc  led  Col.  Sabine  to 
the  discovery  of  a  connection  between  certain  periodical  changes,  which 
take  place  in  the  spots  on  the  sun,  and  a  certain  cycle  of  variations  in 
terreatrial  magnetism.  These  seem  to  point  to  the  eiistence  of  a  solar 


•  Coosolations  in  Travel,  p.  271.  f  PliiL  Trans.  1830,  p.  899. 

t  Biblioth.  Uniy^n.  1833.  Electricity. 

I  FhiL  Trans.  1882,  pi  176 ;  aim  pp^  172^  178,  Ac 
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inagiMtM  penmly  and  miggeit  ih«  idm  of  tbe  son's  msgnetism  eierting 
an  mflosnce  on  the  nasa  of  onr  planet 

In  regard  to  thermo-electricity,  I  may  remark,  that  it  may  be  gener- 
ated by  great  inequalities  of  temperature,  aristn<:^  from  a  partial  distii- 
bution  of  volcanic  heat.  Wherever,  for  example,  masses  of  rock  occur 
of  great  horizontal  extent,  and  of  considerable  depth,  which  are  at  one 
point  in  a  state  of  fusion  (as  benontli  some  active  volcano)  ;  at  another, 
red-hot ;  and  at  a  third*  comparatively  cold — stroiig  tliermo-electeic 
action  may  be  excited. 

Some,  perhaps,  may  object,  that  iiws  is  reasonin'^'  in  a  circle  ;  firet  to 
introiluce  electricity  as  one  of  the  primary  causes  ot  volcanic  heat,  and 
then  to  derive  the  same  heat  from  thermo-electric  currents.  But  there 
must,  iit  truth,  be  much  reciprocal  action  between  the  agents  now  under 
consideration ;  and  it  is  very  difficult  to  decide  which  should  be  re- 
garded as  the  prime  morer,  or  to  see  where  the  train  of  changes,  eooe 
begun,  would  tenninate.  Whether  snhterranean  eleetrio  cnrrents  if. 
once  excited  might  someUmes  possess  the  decomposing  power  of  the 
Toltaic  pile,  is  a  question  not  perhaps  easily  answered  in  the  present 
state  of  science ;  but  such  a  power,  if  developed,  wonld  at  once  supply 
tts  with  a  never-failing  source  of  chemical  action  from  which  volcanic 
heat  might  he  derived. 

Recapitulation. — Before  entering,  in  the  next  chapter, *stiU  farther 
into  the  inquiry,  how  far  the  phenomena  of  volcanoes  and  earthquakes 
accord  with  the  hypothesis  of  n  continued  generation  of  heat  by  chenu- 
cal  action,  it  may  be  desirable  to  recapitulate,  in  a  few  words,  the  con- 
clusions already  obtained. 

1st.  The  primary  causes  of  tlie  volcano  and  the  earthquake  are,  to  a 
irrcat  extent,  the  .<>ame,  aitd  must  be  coauected  with  the  passage  of  heat 
f^ora  the  interior  to  tlie  surface. 

2dly.  This  heat  has  been  referred,  by  many,  to  a  supposed  btxite  of 
igneous  fusion  of  the'  central  parts  of  tlie  planet  when  it  was  drst 
created,  of  which  u  part  still  reoiains  in  the  interior,  but  is  always 
diminishing  in  intensity. 

3d]y.  The  spheroidal  figure  of  the  earth,  adduced  ia  suppon  of  this 
theory,  does  not  of  necessity  imply  a  universal  and  simultaneous 
fluidity,  io  the  beginning;  for  supposing  the  original  figure  of  our  planet 
had  been  stricUy  spherical — ^which,  however,  is  a  gratnitons  asanmptioOi 
resting  on  no  established  analogy — still  the  statkal  figure  must  hsve 
been  assumed,  if  sufficient  time  be  allowed,  by  the  gradual  operation  of 
the  centrifugal  force,  acting  on  the  materials  brought  successively  within 
its  action  by  aqueous  and  igneous  causes. 
.  4thly.  It  appears,  from  experiment,  that  the  heat  in  mines  increases 
pron;ressively  with  their  depth ;  and  if  the  ratio  of  increase  be  continued 
uniformly  from  the  surface  to  the  interior,  the  whole  globe,  with  the 
exception  of  a  small  external  shell,  must  be  fluid,  and  the  central  part* 
must  have  a  temperature  many  times  higher  than  that  of  melted  iron. 

6tbly.  But  the  theory  adopted  by  M.  Cordier  and  others,  wbicii 
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naiotuiis  the  aetnal  exiitenee  of  suoli  a  state  of  tliingi^  aeema  wholly 
tncoiBistrot  with  the  lawi  whkh  regtilate  the  ebenhtion  of  hMt  thromgh 
Iknd  bodiet.  For,  if  the  contial  heat  were  ae  intense  as  is  repreaentedt 
there  must  be  a  circulation  of  currents,  tending  to  equalize  the  tempera- 
ture of  the  resulting  fluids,  and  the  solid  crust  itaelf  wotdd  be  mdied. 

Stfaiy.  Instead  of  an  original  central  heat,  we  may,  perhaps,- refer  the 
heat  of  the  interior  to  chemical  changes  constantly  going  on  in  the  earth's 
crust ;  for  the  general  effect  of  chemical  combination  is  the  evolution  of 
heat  and  eiectiidty,  which  in  their  turn  become  sources  of  new  chemical 
changes. 


CUAPT£R  XXXJL 

CAUSES  OF  EARTHQUAKE  AND  VOLCANOES — COntmUtd. 

R«view  of  tlio  proofs  of  internal  heat — Theory  of  a»  uooxidated  metallic  nucleus 
<^Wheth«  tlie  deoompoiitkMi  of  water  may  be  a  aflaroe  of  voleaiiae  heat^ 
Geyiers  of  Iceland— Oamea  of  earthquakes — Wavelike  motloa — ^Ezpantive 

power  of  liquid  gases — Connection  between  the  state  of  the  nttnosipluirc  nnd 
earthquakes — Permanent  upheaval  and  sub?5idencc  of  land — Kxpau»ion  of  rocks 
by  beat — The  balance  of  dry  laud  how  preserved — Subsidence  in  excestt" 

Whbk  we  lefleet  that  the  largest  mountains  are  but  insignificaiit  pro- 
taberances  upon  the  surface  of  the  earth,  and  that  these  mountains  are 
nevertheless  composed  of  different  parts  which  have  been  formed  in  sue- 
cession,  we  may  well  feel  surprise  that  the  central  fluidity  of  the  planet 

should  have  been  called  in  to  account  for  volcanic  phenomena.  To  sup- 
pose the  entire* n^lobe  to  be  in  a  state  of  ign^'ous  fusion,  with  the  excep- 
tion of  a  solid  shell,  not  more  than  from  thirty  to  one  hundred  miles 
thick,  and  in  imrKjrine  that  the  central  heat  of  this  fluid  spheroid  exceeds 
by  more  than  two  hundred  times  that  of  liquid  lava,  is  to  introduce  u 
force  altogether  disproportionate  to  the  effects  which  it  is  required  to 
explaui. 

The  ordinary  repose  of  the  surface  implies,  on  the  contrary,  an  inert- 
ness in  tlie  internal  ma^  which  is  truly  wonderful.  When  we  consider 
the  combustible  nature  of  the  elements  of  the  earth,  so  far  as  they  are 
known  to  ns,— the  facility  with  which  their  compounds  maj  he  decom- 
posed and  made  to  enter  into  new  eombinattoDs» — the  quantity  of  heat 
wfabh  they  evolve  during  these  processes ;  when  we  recollect  the  ezpan 
me  power  of  steam,  and  that  water  itself  is  composed  of  two  gases  which^ 
hy  their  union,  produce  intense  heat;  when  we  call  to  mmd  the  number 
of  explosive  and  detaiiatbg  compounds  which  have  been  already  discov- 
ered, we  may  be  allowed  to  share  the  astonishment  of  Plmy,  that  a  single 
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day  Bbould  pan  wiihoui  a  general  ooiiiagratk>]i:<»'*Eioedit  pnieeld 
omnia  miracula,  uUum  diem  fuisse  quo  nan  eunota  oonflagrarenC* 

The  dgns  of  internal  heat  obwrrable  on  the  soffaee  of  Ibe  earth  do 
not  necessarily  indicate  the  permanent  eiiatenee  of  anbtemnean  heated 
maaaes,  whether  fluid  or  solid,  by  nny  means  ao  vast  as  our  contbicoli 
and  seas ;  yet  how  insignificant  would  these  appear  if  distributed  through 
an  external  shell  of  the  globe  one  or  two  hundred  miles  in  depth !  The 
principal  facts  in  proof  of  iho  accumulation  of  heat  below  the  surface 
may  be  summed  up  in  a  few  words.  Several  volcnnoes  are  constantly 
in  eruption,  as  Stromboli  and  Nicaragua  ;  others  are  known  to  have  bec-n 
active  for  periods  of  60,  or  even  150  years,  as  those  of  Sanely  in  Quito, 
Popocatepetl  in  Mexico,  and  the  volcano  of  the  Isle  of  Bourbon.  Many 
craters  emit  hot  vapors  in  rtie  interv  als  between  eniptions.  and  solfataras 
evolve  incessantly  the  same  n;ases  as  volcanoes.  Stearu  of  high  temper- 
ature has  conuimed  for  more  than  twenty  centuries  to  issue  from  the 
"  stufas,"  as  the  Italians  call  them  ;  thermal  springs  abound  not  only 
in  regions  of  earthquakes,  but  are  found  in  almoat  all  oountiies,  howerar 
distant  from  active  yenta ;  and,  lastly,  the  temperature  in  the  nuhes  eC 
various  parte  of  the  world  is  found  to  inerease  in  proportion  as  we  de- 
scend. 

The  diagram  (fig.  93)  in  the  next  page,  maj  oooTey  aoae  idea  of  the 
proportion  whieh  our  oontinenta  and  the  ocean  bear  to  the  ladiuaof  the 
earth.f  If  an  the  land  were  about  as  b%h  as  the  Himalaya  mountains, 
and  the  ocean  everywhere  as  deep  as  the  Pacific,  the  whole  of  both 
might  be  contained  within  a  space  expressed  by  the  thickness  of  the  line 
a  b;  imd  masses  of  nearly  equal  volume  might  be  placed  in  the  space 
marked  by  the  line  c  d,  in  the  interior.  Seas  of  lava,  thereiere,  of  the 
size  of  the  Mediterranean,  or  even  of  the  Atlantic,  would  be  as  nothing 
if  distributed  through  such  an  outer  shell  of  the  globe  as  is  represented 
by  the  shaded  portion  of  the  figure  abed.  If  throughout  that  spice 
we  imamne  el^'ctro-chomical  causes  to  be  continually  in  operation,  even 
ot  very  k-eb]<  jiower,  they  might  give  rise  to  heat  which,*if  accumulated 
at  certain  ponits,  might  melt  or  render  red-hot  entire  mountains,  or  sus- 
tain the  temperature  of  stufas  and  hot  springs  for  ages. 

Theory  of  an  unoxxdatcd  ynetalUc  nnchvs. — Wlien  Sir  H.  Davy  first 
discovered  the  mctidUc  basis  of  the  earths  and  alkalies,  he  threw  out  the 
idea  that  those  metals  might  abound  in  an  unoxidized  state  in  the  sub* 

O  ^^^^ 

terranean  r^ons  to  which  water  must  oocanonally  penetrate.  When- 
ever thb  happened,  gaseous  matter  would  be  set  free,  the  metals  would 
combine  with  the  oiygen  of  the  water,  and  sufficient  heat  might  be 
evolved  to  melt  the  sntrounding  rocks.  This  hypothesis,  although  after 
warda  abandoned  by  its  author,  waa  at  first  very  favorably  recetfed 
both  by  the  chemist  and  the  geoh^gist:  for  silica,  alnmipa,  lime,  soda,  and 
oiide  of  iron, — aubstancea  of  which  lavaa  are  principally  oomposed,— 

•  *  Hist.  Mundi,  lib.  iL  c  107. 

f  Reduced,  by  permission,  from  a  figure  in  plate  40  of  Sir  H.  De  la  Bachl/li 
Qe^h^gieal  Seotioai  and  VIewe. 
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would  all  result  from  the  contact  of  the  inflammable  metals  alhuh  d  to 
with  water.  But  whence  this  abundant  store  of  unsaturated  mciuls  in 
the  jntoiior?  It  wis  attnmA  that,  in  the  begmning  of  tbmgs,  the 


nucleus  of  the  earth  was  mainly  composed  of  inflamma!)!*;  metais,  and 
that  oxidation  went  on  with  intense  energy  at  first ;  till  at  length,  when 
a  superficial  crust  of  oxides  had  been  formed,  the  chemical  action  be* 
came  more  and  more  languid. 

This  8peenlatioD»  like  all  others  respecting  the  primitire  state  of  the 
earth's  nQclens*  rests  unayoidBbly  on  arhitiaiy  aasnmptions.  But  we 
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may  fairly  ioqiuie  wbeCher  any  esialbg  cansea  may  have  ibe  pow«r  oi 
deondattng  the  earihyaad  alkaliDe  compounds  formed  fromtniietb 
time.hy  the  aetkm  oC  water  upoa  the  metaUie  haaea.  If  ao^'aad  if  the 
ongimil  cmst  or  mieleas  of  the  planet  contained  distributed  throogh  it 
here  and  thae  some  partial  stores  of  potassium,  sodium,  and  other  me- 
tallic bases,  these  might  be  oxidated  and  again  deoaddnlgd,  so  as  to  sua* 
tain  for  ages  a  permanent  chemical  action.  Tet  even  then  we  should 
be  unable  to  explain  why  such  a  continuous  circle  of  operations,  after 
havinn^  been  kept  up  for  thousands  of  years  in  one  district,  should  en- 
tirely fprise,  and  why  another  roc^ion,  which  had  enjoyed  a  rei^pite  from 
volc;iiiic  action  for  imr*  or  many  geological  periods,  should  become  a  the- 
atre for  the  devciujaucnt  of  subterranean  heat. 

It  is  well  known  to  ohemii.i>,  that  the  metallization  of  oxides,  the 
most  difficult  to  reduce,  may  be  effected  by  hydrogen  brought  into  con- 
tact with  them  at  a  red  heat ;  and  it  is  more  than  piubable  that  the 
production  of  potassium  itself,  in  the  common  gun-l>arrel  process,  is  due 
to  the  power  of  nascent  hydrogen  derived  from  the  water  which  the 
hydrated  oiide  contains,  Accotding  to  the  recent  experiments,  also,  of 
Faraday,  it  would  appear  that  eveiy  case  of  metalUo  redaction  by  vol- 
taic agency,  from  safine  solutions,  in  which  water  is  present,  is  due  to 
the  secondary  action  of  hydrogen  upon  the  oxide ;  both  of  these  being 
determined  to  the  negative  pole  and  then  reactbg  upon  one  another. 

It  is  admitted  that  intenae  heat  would  be  produced  by  the  ocesnoosl 
contact  of  water  with  the  metaUie  basse ;  and  it  is  certain  that,  during 
the  process  cS  saturation,  vast  volumes  of  hydrogen  must  be  evolved. 
The  hydrogen,  thus  generated,  might  permeate  the  crust  of  the  earth 
in  di^rent  directions,  and  become  stored  up  for  ages  in  fissures  sod 
caverns,  sometimes  in  a  liquid  form,  under  the  necessary  pressure. 
Whenever,  at  any  subsequent  period,  in  conseqw  nce  of  the  chan^e^ 
effected  by  earthquakes  in  the  shell  of  the  earth,  this  gas  haj)penod  lo 
come  in  contact  with  metaliir  nxifles  at  a  high  temperature,  the  reduc* 
tion  of  these  oxides  migiit  be  the  result. 

No  tbeoiy  seems  at  first  more  startUng  than  that  wliich  represents 
water  as  atlording  an  inexiiaustible  supply  of  fuel  to  the  volcanic  fires; 
yet  is  it  by  no  means  visionary.  It  is  a  fact  that  must  not  be  overlcK)ked, 
that  while  a  great  number  of  volcanoes  are  entirely  submarine,  the  re- 
mainder occur  for  the  most  part  in  islands  or  maritime  tracts.  There 
are  a  few  exceptions ;  but  some  of  these,  observes  Br.  Daubeny,  are  nesr 
inland  salt  lakes,  as  in  Central  Tartary ;  while  others  form  part  of  a 
train  of  volcanoes,  the  extremities  of  which  are  near  the  sea. 

Sir  H.  Davy  suggested  that»  when  the  sea  is  distant,  aa  m  the  case  of 
some  of  the  South  Americaii  volcanoee»  they  may  alill  be  supplied  with 
-water  from  subteKraaeaa  lakes;  since,  acoordiqg,to  Humboldt,  laigs 
qnpuitities  of  fish  are  often  thrown  out  during  enji|»ti(Hi8.*   Mr.  Dana 
also^  in  his  valuable  and  original  observations  on  the  volcanoea  oC  ths 
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Sandwich  Islands,  reminds  us  of  the  prodigious  volume  of  atmospheric 
water  which  must  be  absorbed  into  the  btetlpr  of  meh  large  and  lofty 
domeSk  composed  as  thejr  are  entiieljr  of  poroua  lava.  To  thk  sooioe 
ajone  he  rafefa  the  prodiietion  o&the  ateam  bj  which  the  melted  mattei 
0  pn|»eUed, upwards^  even  to  the  sommit  of  cones  three  mUes  is  height.* 

When  treating  of  springs  and  overflowing  wells,  I  have  stated  thai 
poioaa  rooks  are  percolated  by  fiyeh  water  to-  great  depths,  and  -that 
sea-water  probably  penetmtes  in  the  same  aaanner  through  the  tonks 
which  form  the  bed  of  the  ooean.  But,  besidea  this  noiverwl  cimi- 
ktion  in  regions  not  far  from  the  snrfece,  it  must  he  snpposed  that, 
wherever  f»rthqnakes  pievaU,  much  larger  bodies  of  water  will  bo 
forced  by  the  pressure  of  the  ocean  into  fissures  at  great  depths,  or 
swallowed  up  in  chasms;  in  the  same  manner  as  on  the  land,  towns, 
houses,  cattle,  and  trees  are  sometimes  engulfed.  It  will  be  remem- 
bered, that  these  chasms  often  close  npfain  after  houses  have  fallen  into 
them  ;  and  for  tbn  snme  reason,  when  water  has  penetrated  to  a  mass 
of  melted  lava,  the  sicaiu  into  which  it  is  converted  may  often  rush  out 
at  a  different  aperture  from  that  by  which  the  water  entered. 

The  Erases,  it  is  said,  exiialed  from  volcanoes,  together  with  steara,  are 
such  as  would  result  fr  >m  the  dec onij  osiLion  of  salt  water,  and  the 
fames  which  escape  Irum  the  Vesuviaii  lava  have  been  observed  to  de- 
posit common  salt.f  The  emission  of  free  muriatic  acid  t^as  in  great 
quantities  is  also  thought  by  many  to  favor  the  theory  of  the  decompo- 
sitioQ'  of  the  salt  contidDed  in  sea-water.  It  has  been  objected,  however, 
that  M.  Bonssingault  dkl  not  meet  whh  ibis  gas  in  his  eaumnation  of  the 
ebntie  fliuds  evolved  from  the  volcsiiees  of  equatorial  Amerioa;  which 
only  ^ve  out  aqueous  vapor  (in  very  large  quantity),  carbonic  acid  gas, 
sniphnrous  acid  gas,  and  sometimes  fumes  of  Bnlphttr.t  In  reply.  Dr. 
Danbeny  has  remarked,,  that  mnriatie  acid  may  have  ceased  to  be  dis- 
engaged, because  the  vdcaaic  action  has  become  kmgnid  m  equatorial 
America,  and  sea-water  may  no  longer  obtauk  admission. 

M.  Gay  Lussac,  while  he  avows  his  opinion  that  the  deccnoposition 
of  water  contnbotes  largely  to  volcanic  action,  called  attention,  never- 
tbetess,  to  the  supposed  fact,  that  hydrogen  had  not  been  detected  in 
a  separate  form  among  the  c^aseous  products  of  volcanoes ;  nor  can  it, 
he  says,  bo  present ;  for,  in  that  case,  it  would  bo  inflamed  in  the  air 
by  the  red-hot  stones  thrown  out  during  an  eruption.  Dr.  Davy,  in 
kis  account  of  Graham  Ishind,  sjiys,  "  I  watched  when  the  lightning  was 
most  vivifl,  and  the  eruption  of  the  greatest  degree  of  violence,  to  see  if 
there  was  any  inflammation  occasioned  by  this  natural  electric  spark — 
any  indication  of  the  presence  of  inflammable  gas  :  but  in  vain.*'§ 

May  not  tlie  hydrogen.  Gay  Lussac  inquires,  be  combined  with  chlo- 
rine, and  produce  muriatic  acid for  this  gas  has  been  observed  to  be 
evolved  from  Vesuvius — ^and  the  chlorine  may  have  been  derived  fioiu 

*  neoI();]rv  of  .\nierican  Exploring  BxpftdltiiOi^  p.  MO. 

iMvy,  FhiL  Trans.  1828,  p.  244. 
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sea  salt ;  whicli  was,  in  fact,  extiBetad  by  slraplo  waahiog  from  ih< 
YesuYian  lava  of  1 822,  in  the  proportion  of  nine  per  cent.*  But  it 
was  answered,  that  Sir  H.  Davy's  experiments  had  &hown,  that  hydro- 
gen is  not  combustible  when  mixed  with  muriatic  acid  ga«;  so  that  if 
muriatic  ^'as  was  evolved  in  large  quantities,  the  hrdrogen  might  be 
present  without  inflamraation.f  M.  Abicb,  on  the  other  liand,  a^sisres 
us,  "  that  although  it  be  true  that  vapor  illuminated  by  incandescenl 
lava  has  often  been  mistaken  for  tiame,"  yet  he  clearly  detected  in  the 
eruption  of  Vesuvius  in  1834  the  flame  of  hydix^n.^ 

M.  Qvf  liome,  ia  the  memoir  jwt  alluded  to,  expresBed  dovbt  Mto 
the  presenee  of  sulphurous  acid ;  but  the  abundant  disengagenMOtof 
this  gas  during  eruptions  has  been  stnee  aseertamed:  and  thus  aH  dilB- 
eultj  in  regard  to  the  general  absence  of  b^^R^^en  in  an  inflsmrosHc 
staie  IS  removed ;  for»  as  Dr.  Daubeny  suggests,  .he  hydrogen  d  de- 
composed water  may  unite  with  sulphur  to  form  cdlphuretted  hydrogen 
ga8»  and  this  gas  will  then  be  mingled  with  the  sudphuroos  acid  as  it 
rises  to  tlic  crater.  It  is  shown  by  experiment,  that  fhese  n-a^e?  mutu- 
ally decompose  eacli  other  when  mi xr-d  where  steam  is  presoiit ;  the 
liydrogen  of  llie  one  immediately  uniting  with  tlie  oxygen  of  the  other 
to  form  water,  wiule  the  excess  of  sulphurous  acid  alone  escapes  into 
the  atmosphere.    Sulphur  is  at  the  same  time  precipitated. 

This  explanation  is  sufficient ;  but  it  may  also  be  observed  that  the 
flame  of  hydrogen  would  rarely  be  Tisible  during  an  eruption ;  as  that 
gas,  when  inflamed  m  a  pure  state»  bums  with  a  very  faint  bine  flame, 
which  even  in  the  night  could  hardly  be  perceptible  by  the  side  of  red- 
hot  and  incandescent  emdets.  Its  immediate  converBion  into  wster 
when  inflamed  in  the  atmospherSr  might  also  account  for  its  not  appew* 
ing  in  a  separate  form. 

Dr.  Daubeny  is  of  opinion  that  water  conttuning  atmospheric  air  mny 
descend  from  the  «ui-face  of  the  earth  to  the  volcanic  foci,  and  that  the 
same  process  of  combustion  by  which  water  is  decomposed  may  deprive 
such  subterranean  air  of  its  oxygen.  In  tliis  manner  he  explains  ihe 
great  quantities  of  nitrogen  evolved  from  volcanic  vents  and  thermal 
watCRs,  and  the  fact  that  air  disengaged  from  the  earth  in  volcanic  re- 
gions is  either  wholly  or  in  part  deprived  of  its  oxygen. 

ESr.H.  Davy,  in  his  memov  on  the  '*  Phenomena  of  Tolcanoes,"  ie- 
marks,  that  there  was  every  reason  to  suppose  in  Vesuvius  the  tAir 
enoe  of  a  descending  current  of  ahr ;  and  he  imagined  that  snbteiraiein 
cavities  which  threw  out  large  volumes  of  steini  duHii^  the  emptioa» 
might  afterwards,  in  the  quiet  state  of  the  volcano,  become  filled  witb 
atmospheric  air.§  Tiie  presence  of  ammooiaoal  salts  in  volcanic  emans* 
tions,  and  of  ammonia  (which  is  in  part  composed  of  nitrogen)  in  Im, 
favors  greatly  the  notion  of  air  as  well  as  water  beii^  deoxidated  in  (he 
interior  of  the  earth.| 

•  Ann.  de  Chfan.  et  ds  Thya.  too.  ziiL 

f  Quart  Journ.  of  Sd.  US^  pb  189^  note  y>v  (  Vilor.  $  riK-nom.  Geo!.  Ac.  p.  * 
g  PhiL  Trans.  1828.  |  Se<»  l>attb<«iy,  Eocjc.  Metrap.  ptft  ^ 
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It  has  been  alleged  by  Profesaor  Biaeboff  that  tbe  slight  specific  grav- 
Hj  of  the  mfltak  of  the  alkalies  is  fatal  to  Davy's  hypothesis,  for  if  the 
mean  density  of  the  earth,  as  determined  by  asdonomers,  surpass  that 
of  all  Unda  of  rooks,  these  metals  eannot  eiist.  at  least  not  in  great 
(jnaatitieB  in  the  interior  of  the  earth.*  But  Dr.  Danbeny  baa  ahown, 
that  if  we  take  the  united  specific  gravity  of  potassium,  sodium,  silicon, 
ifon»  and  all  the  materials  which,  when  united  with  oxygen,  constitute 
ordinary  lava,  and  then  compare  their  weight  with  lava  of  equal  bulk, 
the  diffnrnnce  is  not  very  materia),  the  specific  gravity  of  tlie  lava  only 
exceeding  by  about  one-fourth  that  of  the  unoxidized  metals.  Besides, 
at  £rreat  depths,  the  metallic  bases  of  the  earths  and  arknlies  mav  very 
probably  be  rendered  heavier  bv  pressure.^  Nor  is  it  fair  to  pmbarrass 
the  chemical  theory  of  volcanoes  with  a  doctrine  so  purt-iv  i,Tatuitous, 
as  that  which  suppoi»es  the  entire  nucleus  of  the  planet  to  have  been  at 
first  composed  of  nnoxidated  raeUds. 

Professor  Bunscn  of  Marburg,  aftiT  analyzinnr  the  jrnses  wliicli  escape 
from  the  volcanic  fiinieroles  and  solfatanis  of  Iceland,  and  after  calcu- 
lating the  quantity  of  hydrogen  evolved  between  two  eruptions,  ailii  ms, 
in  contradiction  of  opinions  previously  entertained,  that  the  hydrogen 
bean  a  perfect  relation  in  quantity  to  the  magnitude  of  the  streams  of 
lava,  assuming  the  fusion  of  these  Isst  to  bave  been  tho  result  of  the 
heat  evohed  during  the  oxidation  of  dkalina  and  earthy  metals,  and  this 
to  have  been  brought  about  by  the  decomposition  of  water.  Yet  after 
having  tbua  sueeeeded  in  removing  the  principal  objection  once  so 
triumphantly  urged  against  Davy's  bypotbesb,  Bunsen  concludes  by 
declaring  that  the  bj^ragen  evolved  in  Yoleantc  regions  cannot  have 
been  generated  by  the  decomposition  oC  water  coming  in  contact  witif 
alkaline  and  earthy  metallic  bases.  For,  says  the  Professor,  this  process 
presupposes  the  prevalence  of  a  temperature  in  which  carbonic  a(  id  can- 
not exist  in  contact  with  hydrogen  without  suffering  a  partial  reduction 
to  carbonic  oxide ;  "  and  not  a  trace  of  carbonic  oxide  is  ever  found  in 
volcanic  exhalations. *'J  At  the  same  time  it  will  be  seen,  by  consulting 
the  able  memoirs  of  the  Marburij  chemist,  tliat  he  supposes  many  ener- 
cetie  kinds  of  chemical  action  to  Im-  confirniiilly  i^oint,'  on  in  the  interior 
ot  the  earth,  capable  of  causing  th  '  tii^  ti/  iLn'ment  of  bvrlro'^'en  ;  and 
there  can  be  no  doultt  that  this  gay  may  be  a  source  ot  innumerable  new 
changes,  capable  of  piotiucing  the  local  development  of  internal  heal. 

Cause  of  voltanie  eruptions. — The  most  probable  causes  of  a  volcanic 
outburst  at  the  surface  hav^  been  m  a  great  degree  anticipated  in  tlie 
preceding  speculations  on  the  liquefaction  of  rocks  and  the  generation  of 
gases.  When  a  minute  hole  is  bored  in  a  tube  filled  with  gas  condensed 
into  a  liquid,  the  whole  becomes  instantly  aeriform,  or,  as  some  writers 
have  expressed  it»  "  flashes  into  vapor,*'  wd  often  bursts  the  tube.  Sucb 

•  Jam.  Ed.  New  PhiL  Joura  No.  li.  p.  81. 

f  Soe  T)nubcnv'9  Reply  to  fiiacfadr.  Jam.  £d.  New  PhiL  Jonni.      lii.  ]X  291 ; 
and  note  in  No.  iiii.  p.  158. 
%  Foggsnd.  Ann.  1651  tnndatsd,  Sd.  Mem.  m% 
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an  experiment  may  repre«?ent  the  mode  in  which  craseous  matter  may 
rush  tlirou"]^))  a  rent  in  the  rocks,  and  continue  to  r^cnpe  for  davs  or 
weeks  i1ii<mil;1i  ^  small  orifice,  with  an  explosive  power  sufficient  to  re- 
duce every  8ub.stance  which  opposes  its  passage  into  small  fragments  oi 
even  dust.  Lava  may  be  propelled  upwards  at  the  same  time^  and  ejected 
in  the  form  of  scoriie.  In  some  places,  where  the  fluid  lava  lies  at  the 
bottom  of  a  deep  iii»sure,  communicating  on  the  one  hand  wuh  the  sur- 
face, and  on  the  other  witb  a  emm  in  which  a  considerable  body  of 
wpctr  bas  oeen  formed,  there  may  be  an  efflux  of  lava,  fqllowed  bj  tbe 
escape  of  gas.  EmptiooB  often  conuiieBoe  and  ekae  vHh  Uie  disolnigt 
of  vapor ;  and,  vben  ibis  k  the  ease,  the  next  ontbnnt  may  be  expected 
to  take  plaoe  by  the  same  vent^  for  the  conolndiog  evohitioii  of  dastie 
flnida  will  keep  open  the  dnot,  and  leave  it  luobatnieted. 

The  .breaking  ouit  of  lava  from  the  side  or  base  of  a  lollj  oooe,  lather 
than  from  tbe  summit,  may  be  attributed  to  the  hydrostatio  preaaurs  to 
which  the  flanks  of  the  mountain  are  exposed,  when  the  oolimn  of  lava 
has  risen  to  a  great  height.  Or  if,  before  it  has  reached  the  top,  there 
should  happen  to  be  any  stoppage  in  the  main  dnet,  the  upward  pressnre 
of  the  ascendiqg  oolnmn  of  gas  and  lava  may  burst  a  lateral  opening. 

In  the  case  however  of  Mount  Loa,  in  tjba  Sandwich  Islands,  there 
appears  to  be  a  fiinjrular  want  of  connection  or  sympathy  between  the 
eruptions  of  the  central  and  the  ^^rcat  lateral  vent.    The  great  volcanic 
cone  alluded  to  rises  to  the  hei^rht  of  IS.iOO  feet  above  the  level  of  the 
sea,  having  a  crater  at  its  summit,  from  which  powerful  streams  of  lava 
have  tlowed  in  recent  times,  and  having  another  still  larger  crater,  called 
Kilauea,  on  its  southeastern  slope,  about  4000  feet  above  the  sea.  This 
4ateral  cavity  resembles  a  hut^e  quarry  cut  in  the  mountain's  side,  being 
about  1000  feet  deep  when  in  its  ordinary  state.    It  is  scvlu  iujIcs  and 
a  half  in  circuit,  and  scattered  over  its  bottom,     different  levels,  arc 
lakes  and  pools  of  lava,  always  in  a  state  of  ebullition.   The  liquid  in  one 
of  these  will  sometimes  sink  100  or  160  feet,  while  it  is  overflowing  in 
another  at  a  higher  elevation,  there  being,  it  should  seem,  no  conrnwii' 
ctAkn  between  ihem.  In.  like  manner,  lava  oveiflows  in  the  anrnmlt 
eiater  of  Mount  I^oa,  nearly  14,000  feet  high,  while  the  greafe  lateral 
eauldron  just  allnded  to  (of  Kilanea)  oontamies  as  tianqnil  as  usnal,  afford- 
ing no  relief  to  any  part  of  the  gases  or  melted  matter  which  are  fordng 
their  way  upwards  in  the  centre  of  the  mountain.  "How,"  asks  Mr. 
Dana,  *'  if  there  were  any  subterranean  channel  connecting  the  two  greet 
vents,  could  this  want  of  sympathy  exist  I   How,  aceotdiog  to  the  laws 
of  hydrostatic  pressure,  can  a  column  of  fluid  stand  10,000  feet  hi|^]er 
in  ooe  leg  of  tbe  siphon  than  in  the  other  ?"  The  eruptions,  he  obserws, 
are  not  paroxysmal :  on  the  eootrary,  the  lava  rises  slowly  and  gradually 
to  the  summit  of  the  lofty  cone,  and  then  escapes  there  without  any 
commotion  manifestinjr  itself  in  Kilauea,  a  p;ulf  alwa}'^  op^^n  on  thr  flankj 
of  the  same  mountiiin.    One  conclusion,  he  says,  is  certain,  nam*  ly.  that 
volcanoes  arc  no  safcttj-valves  as  they  have  been  called;  foi  lu  re  nvo 
independent  and  apparently  isolated  centres  of  voloanio  activity,  only 
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nteen  onlfla  diataiit  from  Meh  other,  ve  gi»tein«d  in  one  a&d  the  same 

CODC* 

Without  preteodiog  to  solve  this  enigma,  I  cannot  i^rain  from  re- 
maiking,  that  the  supposed  independence  of  several  orifices  of  eruption 
ill  one  crater  like  Kilauea,  when  adduced  in  confirmHtion  of  the  doctrine 
of  two  distinct  sources  of  volcanic  action  underneath  one  mountain, 
proves  too  much.  >o  one  can  doubt,  that  the  pcx»ls  of  lava  in  Kilauea 
have  been  derived  from  some  common  reservoir,  and  have  resulted  from 
a  combination  of  causes  commonly  called  volcanic,  which  arc  at  work  in 
Hw  interior  at  some  unlmown  diBtaooe  .below.  Theee  eanaeft  have  given 
rise  in  Mionnt  Loa  to  emptions  frpm  many  pointB,  but  principally  from 
one  eeotre,  so  tha^  a  vast  dome  of  ejected  matter  has  been  piled  up. 
The  sttbsidiarjr  crater  has  evidently  never  given  mach  relief  to  the  im^ 
prisoned,  heated,  and  liquefied  matter,  for  Kilauea  does  not  form  a  lat- 
eral protuberance  interfering  with  the  general  shape  or  nniform  ontline 
of  Mount  Loa. 

Geysers  of  Iceland. — As  aqueous  vapor  constitutes  the  most  abundant 
of  the  aeriform  products  of  volcanoes  in  eruption,  it  may  be  well  to  con- 
sider attentively  a  case  in  which  steam  is  exclusively  the  moving  power 
— that  of  tlie  Geysers  of  Iceland.  These  intermittent  hot  springs  occur 
in  A  district  situated  in  the  southwestern  division  of  Iceland,  where 
neariy  one  handled  of  them  are  said  to  break  ont  wittdn  a  eindo  of  two 
miles.  That  the  water  is  of  atmoepherio  origin,  derived  from  rain  and 
melted  snow,  ia  proved,  says  Professor  Bnnsen,  by  the  nitrogen  which 
rises  from  them  either' pore  or  miied  with  other  gases.  The  springs 
rise  through  a  thick  curent  of  lava,  wliich  may  perhaps  have  flowed 
from  Mount  Hecla,  the  summit  of  that  volcano  bemg  seen  from  the  spot 
at  the  distance  of  more  than  thirty  miles.  In  this  district  the  rushing 
of  water  is  sometimes  heard  in  r1in<ms  bent'ath  the  surface  ;  for  here, 
as  on  Etna,  rivers  liow  in  subterranean  cliannels  through  the  porous  and 
cavernous  lavas.  It  ha.^  wvn-o  tlian  once  happened,  after  earthquakes, 
that  some  of  the  boiling  fuauLains  have  increased  or  diminished  in  vio- 
lence and  volume,  or  culircly  ceased,  or  that  new  ones  have  made  their 
appeanince — changes  which  may  be  eii]rimned  by  the  opening  of  new 
rents  and  the  elosiog  of  pre-existing  fissares. 

Few  of  the  Qeysers  play  longer  than  Ive  or  six  minutes  at  a  time» 
slthoQgh  sometimeB  half  an  hoar.  The  intervals  between  their  eraptioiis 
are  for  the  most  part  very  irre^^uiar.  The  Great  Geyser  rises  out 
of  a  spacious  basin  at  the  summit  of  a  cinndar  mound  composed  of  sili- 
ceous incrustaUona  deposiii  d  from  the  spray  of  it^  waters.  The  diame* 
ter  of  this  basin,  in  one  direction,  is  fifty-six  feet,  and  forty-six  in  another. 
(See  fig.  i^4.)  In  xh**.  centre  is  a  pipe  seventy-eight  feet  in  perpendicu- 
lar dt^pth,  and  Iruui  eight  to  ten  feci  in  diameter,  but  (j^radually  widening, 
as  it  Uses  into  the  basin.  The  inside  of  the  basin  is  whitish,  consisting 
of  a  siliceous  crust,  and  perfectly  smooth,  as  are  likewise  two  small 

*  Proceed.  Amenc  Assoc  184ft> 
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channels  on  the  sides  of  the  mound,  down  which  the  water  escapes 
when  the  bowl  is  filled  to  the  margin.  The  cii-cular  basin  is  sometimes 
empty,  as  represented  in  the  following  sketch  ;  but  is  usually  filled  with 
beautifully  transparent  water  in  a  state  of  ebullition.  During  the  rise 
of  the  boiling  water  in  the  pipe,  especially  when  the  ebullition  is  most 
violent,  and  when  the  water  is  thrown  up  in  jets,  subterranean  noises 
are  heard,  like  the  distant  filing  of  cannon,  and  the  earth  is  slightly 
•haken.    The  sound  then  increases  and  the  motion  becomes  more  violent* 


Fljr.  94. 


view  of  the  Cr»tcr  of  the  OreAt  Geyser  In  Iceland.* 


tdl  at  length  a  column  of  water  is  thrown  up,  with  loud  explosions,  to 
the  height  of  one  or  two  hundred  feet.  After  playing  for  a  time  like 
an  artificial  fountain,  and  giving  off  great  clouds  of  vapor,  the  pipe  or 
lube  is  emptied  ;  and  a  column  of  steam,  rushing  up  with  amazing  force 
and  a  thundering  noise,  terminates  the  eruption. 

If  stones  are  thrown  into  the  crater,  they  are  instantly  ejected ;  and 
such  is  the  explosive  force,  that  very  hard  rocks  are  sometimes  shivered 
by  it  into  small  pieces.  Henderson  found  that  by  throwing  a  great 
quantity  of  large  stones  into  the  pipe  of  Strockr,  one  of  the  Geysers,  he 
could  bring  on  an  eruption  in  a  few  minutes.f  The  fragments  of  stone, 
as  well  as  the  boiling  water,  were  thrown  in  that  case  to  a  much  greater 
height  than  usual.  After  the  water  had  been  ejected,  a  column  of  steam 
continued  to  rush  up  with  a  deafening  roar  for  nearly  an  hour ;  but  the 
Geyser,  as  if  exhausted  by  this  effort,  did  not  send  out  a  fresh  eruption 
when  its  usual  interval  of  rest  had  elapsed.  The  account  given  by  Sir 
George  Mackenzie  of  a  Geyser  which  he  saw  in  eruption  in  1810  (see 
fig.  95),  agrees  perfectly  with  the  above  description  by  Henderson.  The 

*  Reduced  from  a  sketch  given  by  Sir  W.  J.  Hooker,  in  his  Tour  in  Icelaod, 
vol  i.  p.  149. 

f  Jouronl  of  a  Residence  in  Iceland,  p.  74. 
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steam  and  water  rose  for  half  an  hour  to  the  height  of  10  feet,  and  the 
whit«  column  remained  perpendicular  notwithstanding  a  brisk  gale  of 
wind  which  was  blowing  against  it.  Stones  thrown  into  the  pipe  were 
projected  to  a  greater  height  than  the  water.  To  leewurd  of  the  vapor 
a  heavy  shower  of  rain  was  seen  to  fall.* 


Kruptlon  ofihe  Now  GcyMr  io  ISIO.  (Mackenzie.) 


Among  the  different  theories  proposed  to  account  for  these  phenom- 
ena, I  shall  first  mention  one  suggested  by  Sir.  J.  Herschel.  An  imi- 
tation of  these  jets,  he  says,  may  be  produced  on  a  small  scale,  by  heat- 
ing red  hot  the  stem  of  a  tobacco  pipe,  filling  the  bowl  with  water,  and 
80  inclining  the  pipe  as  to  let  the  water  run  through  the  stem.  Its  es- 
cape, instead  of  taking  place  in  a  continued  stream,  is  then  performed  by 
a  succession  of  violent  explosions,  at  first  of  steam  alone,  then  of  water 
mixed  with  steam  ;  and,  as  the  pipe  cools,  almost  wholly  of  water.  At 
every  such  paroxysmal  escape  of  the  water,  a  portion  is  driven  back,  ac- 
companied with  steam,  into  the  bowl.  The  intervals  between  the  explo- 
sions depend  on  the  heat,  length,  and  inclination  of  the  pipe  ;  their  con- 
tinuance, on  its  thickness  and  conducting  power.f    The  application  of 


*  Mackenzie's  Iceland. 

f  MS.  read  to  GeoLSoc.  of  London,  Feb.  29, 1889. 
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tibit  eipesimttit  to  the  GejMn  merely  requires  that  a  subtenvneao 
stream,  flowing  through  the  pores  and  crevices  of  lava»  should  snddeolj 
reach  a  fissure  in  which  the  rock  is  red  hot  or  nearly  so.  Steam  wodd 
immediatt'ly  be  forraed,  which,  rushing  up  the  fissure,  might  force  up 
water  along  with  it  to  the  surface,  while,  at  the  same  time,  part  of  the 
steam  might  drive  back  the  water  of  the  supply  for  a  certain  distance 
towards  its  source.  And  when,  after  the  space  of  some  minutes,  the 
steam  wi^s  all  condensed,  the  water  would  return,  and  a  repetitioaof  lbs 
phenomem  take  phwe^ 

There  is,  howoYer,  asother  mode  of  eiphintiig  the  aolioii  of  the  Osf- 
stt;  perhaps  more  probaUe  than  that  ahcnre  desorihed.  Suppose  witcr 
pensolating  from  the  surface  of  the  earth  to  penetrate  mto  the  subtenS' 
neaii  cavity  A  D  (fig.  96)  by  the  fissures  F  F,  whiles  at  the  same  time. 


Fig.  H. 


SappoMd  reMnroir  mod  pipe  of  a  Geyser  la  Icdand.* 


ateam  at  an  extremely  high  temperature,  soeh  as  is  coBUiionly  given  est 
from  the  rents  of  hivm  cnnents  during  congelation,  emanates  fipom  the 
fissures  C.  A  portion  of  the  steam  is  at  first  condensed  into  water, 
while  the  temperature  of  the  water  is  raised  by  the  latent  heat  Una 
evolved,  till,  at  ksk,  the  lower  part  of  the  cavity  is  filled  with  bcifiBg 
water  and  the  upper  with  steam  under  high  pressure.  The  expanate 
*  force  of  the  steam  becomes,  at  length,  so  great,  tliat  .he  water  is  forct'l 
up  the  fissure  or  pipe  E  B,  and  runs  over  the  rim  of  the  ba.>in.  When 
the  pressure  is  tlnis  diminished,  the  steam  in  the  upper  part  of  ilu*  caviij 
A  expands,  until  ail  the  water  D  is  driven  into  the  pipe  ;  and  when  thii 

•  fkem  Sir  Ctooege  Marhsaile'slc^snd. 
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hapfMQs,  the  ftttn,  beiflg  the  Kgliter  oif  the  two  flvide,  rushes  up 
through  the  water  with  greal  vekNstt^.   If  the  pipe  be  ohoked  up  arti 
ncially,  erea  for  a  fewimnutes,  n  great  increase  of  heat  moat  take  place 
for  il  ia  prevented  from  eaeapiog  in  a  latent  form  in  steam ;  so  that  thr 

WBtcr  is  made  to  boil  more  violently,  and  this  brings  on  An  eruption. 

Professor  Bunsen,  beforf  cited,  adopts  this  theory  to  account  for  the 
play  of  the  "  Little  Geys<'r,  "  but  savs  it  will  ro*^  oxplnin  f  h"  phenomena 
of  the  Great  one.  He  consitlei-s  this,  like  the  others,  lo  be  a  thermal 
sprinpf.  having  a  narrow  funnel-shaped  tube  in  the  upper  part  of  its 
course,  where  the  walls  of  tl»e  channel  have  become  coated  over  with 
aOkeous'  luenutations.  At  the  mouth  of  this  tube  the  water  has  a 
lemperalurey  coimpondiiig  to  the  preeanre  of  the  atmosphere,  of  about 
218^  Faiir.,  but  at  a  eertain  depth  below  it  is  much  hotter.  This  the 
pnofenor  succeeded  in  proviog  hy  experiment;  a  thermometer  aua- 
peoded  by  a  string  in  the^pipe  rising  to  266^  Fabr.»  or  no  less  than  48 
degrees  above  the  bailing  point.  After  the  column  of  water  has  been 
expelled,  what  remains  in  the  basin  and  pipe  is  found  to  be  much  cooled. 

Previously  to  these  experiments  of  Bunsen  and  Dcscloizeaux,  made  in 
Iceland  in  18  tC,  it  would  scarcely  have  been  supposed  possible  tiiat  the 
lower  part  of  a  free  and  open  column  of  water  could  be  raised  so  much 
in  temperature  without  causing  a  circulation  of  ascending  and  descend- 
ing cuircnts,  followed  by  an  almost  uninediate  equalization  of  heat. 
Such  eiroulatiim  is  no  doubt  impeded,  greatly  by  the  sides  of  the  well 
not  being  vertical,  and  hy  nonerous  'Contraetions  of  its  -  diameter,  but 
>  the  phenomenon  may  be  ohiefly  due*  to  another  cause;  <  According  to 
recent  ezpeiiihenta  on  tho  cohesioa  of  liquids  by  Mr.  ]>0Dny  of  Ghent* 
it  appears  that  when  water  is  lireed  from  all  admixture  of  air,  its  tern- 
peraturc  can  bo  raised,  even  under  ordinary  atmospheric  pressure,  to 
275**  Fahr.,  so  much  does  the  cohesion  of  its  molecules  increase*  when 
they  are  not  S'*p')rnted  by  particles  of  air.  As  water  long  boiled  be- 
romes  more  and  more  deprived  of  air,  it  is  probably  very  free  from  such 
mtormixture  at  the  bottom  of  the  Geysers. 

Among  other  results  of  the  experiments  of  Bunsen  and  his  com- 
panion, they  convinced  themselves  that  the  column  of  fluid  fiUing  the 
tube  m  constantly  receivmg  accessions  of  hot  water  from  below,  while  it 
.  beoomea  cooljur  above  by  evapomtion  on  the  broad -sur&ee  of  the  badn. 
Ibey  also  came  to  a  conclusion  of  no  small  intereat»  as  -beariag  on  the 
pcobdUo  mechanism  of  ordinaiy.  Toleanie  amptiou^  namdy  that  the 
tube  itself  is  the  main  aeiU  or  focus  of  mechanical  force.  •  This  was 
proved  by  leCtbg  down  stones  suspended  by  strings  to  various  depths. 
Those  which  were  sunk  to  considerable  distances  from  the  surface  were 
not  cast  up  again,  whereas  those  nearer  the  mouth  of  the  tube  were  ejected 
to  great  heights.  Other  experiments  also  were  made  tending  to  de- 
monstrate the  singular  fact,  that  there  is  often  scarce  any  motion  below, 
when  a  violent  rush  of  steam  and  water  is  taking  place  above.   It  seems 

•  See  Mr.  Homer's  Aooireraary  Addreei^  Qasri  Jomni.  QeoL  8o6. 184t,  M 
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thftt  when  a  lofty  column  of  water  possesses  a  temperature  increasiiig 
with  ihi'  depth,  any  slight  phullitinn  or  disturbance  of  eqnnibriuTnintlie 
upper  portion  may  first  force  u|)  w,it(  i  into  the  basin,  and  llit  n  cause  it 
to  flow  over  the  edge.  A  lower  j}urtion,  thus  suddenly  relieved  ol  part 
of  its  pressure,  expands  and  is  converted  into  vapor  more  rapidi?  than 
the  first,  owing  to  its  greater  heat.  This  allows  the  next  subjacent 
stratum,  which  is  much  hotter,  to  rise  and  fli^h  into  a  gaseoos  fonn ; 
and  this  proeess  goes  on  till  the  ebuUitioa  has  deseendsd'fion  Ae 
aiddle  to  near  the  bottom  of  the  fnnnel.* 

In  speenbling,  therefore,  on  the  meohanism  of  an  ordinsiy  foknie 
eruption,  we  may  suppose  that  large  snbterrmean  cavities  exkt  at  the 
depth  of  some  miles  below  the  snrfoce  of  the  earth,  in  which  melted 
lava  accumulates ;  and  when  water  oontainhig  the  usoal  mittureof  air 
penetrates  into  these,  the  steam  thus  generated  may  press  upoti  the 
lava  and  force  it  up  the  duct  of  n  volcano,  in  the  same  manner  as  a 
column  of  water  is  driven  up  tiie  pipe  of  a  Geyser.  In  other  ca^«  we 
may  suppur^e  a  continuous  column  of  liquid  lava  mixed  with  red-hot 
water  (fur  water  uiay  exist  in  tliut  state,  as  Professor  Bunsen  reminds 
us,  under  pressure),  and  this  column  may  hare  a  temperature  regularlr 
increasing  downwards.  A  distiirbaaoe  of  eqmlibrittni  nay  iint  biiog  oo 
an  eruption  near  the  snrliMe,  \tf  the  expansion  and  oonTenno  into  gti 
of  entangled  water  and  other  constitnents  of  what  we  call  Isfs,  nssta 
occasion  a  dhninntion  of  pressure.  More  steam  would  then  be  libented, 
canyiog  up  with  it  jets  of  melted  rock,  which  being  hurled  op  iaio  ibt 
nir  may  fall  in  showers  of  a&hes  on  the  snnonnduig  eountiy,  and  at 
length,  by  the  arn'vn!  of  lava  and  water  more  and  more  heated  at  the  ' 
oritico  of  the  duct  or  the  crater  of  the  volcano,  expansive  power  maybe 
a  ^uiicd  sufficient  to  expel  n  massive  current  of  lava.  After  the  erup- 
tion has  ceased,  a  period  of  iranquiUity  succeeds,  during  which  fresh 
accessions  of  heat  are  communicated  from  below,  and  additiooal  masstis 
of  rock  fused  by  degrees,  while  at  the  same  time  atmospheric  « 
water  is  descendiDg  from  the  anrfaoe.  At  length  the  conditiow  i** 
quired  for  a  new  ontbnrst  are  obtuned,  and  another  eyde  of  wtSit 
changes  is  renewed. 

CSniSfff  Barthpiakn  wave-like  motion, — I  sball  now  proceed  to 
exunine  the  manner  in  which  the  heat  of  the  interior  may  fgm  liM  ^ 
earthquakes.  One  of  the  most  common  phfniomeaa  attending  subter- 
ranean movements,  is  the  vmdulatory  motion  of  the  ground.  And  this, 
says  Micheil,  will  seem  less  extra  ordinary,  if  we  call  to  mind  the  extreme 
elasticity  of  the  earth  and  the  compressibility  of  even  tlie  most  solid 
materials.  Large  districts,  he  suggests,  may  rest  on  fluid  lava ;  and, 
when  tiiis  is  disturbed,  its  motious  may  be  propagated  through  tbtsto- 
cumbcnt  rocks.  He  also  adds  the  following  ingenious  spcculatica:'^ 
**  Aa  a  small  quantity  of  ?apor  almost  instantly  generated  at  smis  ^ 

*  LieUflfa  Aniislen  der  Chknie  und  Fiiamsdflb  tnndatsd  in  *'Rspctto  i*' 
Msmoin"  of  OsYsndiah  Soc.  JxMid€a»  ISiB, 
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aideiBble  depth  below  the  sorfiiee  of  the  earth  will  produce  a  vibratory 
motion,  80  a  veiy  large  quantity  (whether  it  be  generated  almoet  in- 
stantly, or  in  any  small  portion  of  time)  will  produce  a  waye-like  mo- 
tion. The  manner  in  which  this  wave-like  motion  will  propagated 
may,  in  some  measure,  be  represented  by  the  following,  experiment  :— 
Suppose  a  large  cloth,  or  carpet  (spread  upon  a  floor),  to  be  raised  at 
one  edge,  and  then  suddenly  brought  down  again  to  the  ilcxjr  ;  the  air 
uuder  it,  being  by  this  means  propelled,  will  pass  along  till  it  escapes 
at  the  opposite  side,  raising  the  cloth  in  a  wave  all  the  way  as  it  goes, 
la  like  mamier,  a  large  quantity  of  Tapor  may  he  conceived  to  laiie  the 
earth  in  a  wave,  as  it  passes  along  between  the  atiata»  which  it  may 
easilf  separate  hi  a  horizootal  dirsotioa,  theie  being  little  or  no  cohesion 
between  one  siatum  and  another.  The  part  of  £e  earth  that  is  fiiat 
raised  being  bent  from  its  natnral  form,  will  endeavor  to  restore  itself 
by  its  elasticity ;  and  the  parts  next  to  it  being  to  have  their  weight 
mpported  by  the  vapor,  which  will  insinuate  itself  under  them,  will  be 
raised  in  tlieir  turn,  till  it  either  finds  some  vent,  or  is  again  condensed 
by  the  cold  into  watQT,  and  by  that  means  prevented  from  proceeding 
any  farther."*  In  a  memoir  published  in  1843,  on  the  structure  of  the 
Appalachian  chain,  by  the  Professors  Hogers,f  ilie  following  hypothesis 
Is  proposed  as  "  simpler  and  more  in  accordance  with  dynamical  con- 
siderations, and  the  recorded  observations  on  earthquakes." — "  In 
place,"  say  they,  "  of  supposing  it  possible  for  a  body  of  vapor  or  gaseous 
matter  to  pass  horiaontally  between  the  strata,  or  eren  between  the 
cruBt  and  the  fluid  lata  upon  which  it  floats,  wad  with  which  it  must 
be  doBdy  ^atang^  wa  are  inclined  to  attribute  the  movement  to  an 
aeUial  pvitaHon,  engendered  in  the  tnolUn  matter  itself,  by  a  linear  dis- 
ruption under  enormous  tension,  giving  vent  eiplosively  to  elsstic  vapors, 
'escaping  either  to  the  surface,  or  into  cavernous  spaces  beoeath.  Ac- 
cording to  this  supposition,  the  movement  of  the  subterranean  vapors 
would  be  towards,  and  not  from,  the  disrupted  belt,  and  the  o«rillntjon 
of  the  crust  would  originate  in  the  tremendous  and  sudden  disim  bance 
of  the  previous  pressure  on  the  surface  of  the  lava  mass  below,  bi ought 
about  by  the  instantaneous  and  violent  rending  of  the  overlying  strata." 

This  theory  requires  us  to  admit  that  the  crust  of  the  earth  is  so 
flexible,  that  it  eaii  assume  the  form,  and  foUow  the  motion  of  an  uodu- 
ktioa  in  the  fluid  below.  Bven  if  we  grant  this,  says  Mr.  Mallet,  snother 
moire  serious  objectioii  presents  itselfr  vis,  the  great  velocity  attributed 
to  the  trsasit  of  the  wave  in  the  snbtenaaeansea  of  lava.  We  are  called 
upon  to  admit  that  the  speed  of  the  wave  below  equals  that  of  the  true 
earthquake  shock  at  the  surface,  which  is  so  immense,  that  it  is  not  in* 
Isrior  to  the  velocity  of  sound  in  the  same  solids.  But  the  undulation 
in  the  fluid  below  must  follow  the  laws  of  a  tidal  wave,  or  of  the  great 
sea- wave  akeady  spoken  of.   "Its  velocity,  like  that  of  the  tidal  wave 

*  On  the  CJauu  and  Fbenomcna  of  Earthquakea,  VhSL  Trsaa  toL  li  sec;  69^ 

1760. 
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of  otir  seas,  will  be  a  function  of  its  length  and  of  the  depth  of  the  flaid, 

diminished  in  this  case  by  certain  considerations  as  to  tho  density  and 
degree  of  viscidity  of  the  liquid;  and  althoui^h  it  wnuld  bo  at  present 
impossible,  for  want  of  data,  to  ealctilatc  the  ♦•xacl  velocity  with  which 
this  subterraneoas  lava-wave  could  move,  it  may  be  certainly  affirmed 
that  its  velocity  would  be  immeasurably  short  of  the  observed  or  theo> 
retic  velocity  of  the  great  earth-wave,  or  true  shock  in  earthquakes,"* 

Liquid  gaset, — ^The  NBding  and  upheaving  of  oontinenlal  masMi  wd 
opemtioM  wfaicli  are  not  diffievlt  to  exphm,  when  we  areonee  conmoed 
tliat  heat*  of  BufficieBt  power»  not  only  to  melt  but  to  radooe  to  a  gaae- 
ova  foim  a  great  variety  <tf  eubatanoea,  ie  aeenmalated  in  oeitam  paria. 
of  the  Ulterior.  We  see  that  elastic  fluids  are  capable  of  projecting 
massea  to  immense  heights  in  the  air ;  and  the  volcano  of  Cotopazi  haa 
been  known  to  throw  out,  to  the  distance  of  eight  or  nine  mil€»,  a  mass 
of  rock  about  one  hundred  cubic  vanl«;  in  volume.  When  we  obserre 
these  aeriform  fluids  rushing  out  from  par:;*  ular  vents  for  months,  or 
even  years,  continuouslv,  what  power  may  we  riut  expect  tliem  to  exert 
in  other  places,  where  they  happen  to  be  confined  under  an  enormous 
weight  of  rock  ? 

The  experiments  of  Faraday  and  others  have  shown,  wit&in  the  last 
twelve  years,  that  many  of  the  gaaes,  mdudiug  all  thoae  which  are  moal 
Gopioiisly  disengaged  from  voleanie  Tent>»  as  the  caibonic»  anlphnnMia* 
and  muriatio  acida,  may  be  condensed  mto  liquids  by  presBine.  At 
temperaturea  of  from  30**  to  50^  F.,  the  pressure  required  for  this  pnt^ 
pose  variea  from  fifteen  to  fifty  atmoapheres  ;  and  this  amoimt  <^  pres- 
sure we  may  regard  as  very  insig^nifieant  in  the  operations  of  nature.  A 
column  of  Vcsuvi^  lava  that  would  reach  from  the  lip  of  the  crater  to 
the  level  of  the  sea,  must  be  equal  to  nhout  three  hundred  atmospheres; 
so  that,  at  depths  which  may  be  termed  moderate  in  the  interior  of  the 
crust  of  the  earth,  the  gjiscs  may  be  condensed  ini"  liquids,  even  at  very 
hinrh  temperatures,  Tlie  mcti^'^d  employed  to  induce  some  of  these 
gases  to  a  liquid  state  is,  td  conline  the  materiaU,  from  the  mutual  aclioa 
of  which  they  are  evolved,  in  tubes  hermetically  sealed,  so  th^  the  aft- 
cumulated  pressuro  of  the  vapur.  as  it  rises  and  czpanda,  may  force 
some  part  of  it  to  assume  the  liquid  state.  A  sioMlar  pioeess  may»  and 
indeed  muBt»  frequently  take  plaoe  in  aubteiranean  eaveina  and  fissnnat 
or  even  m  the  pores  and  cdls  of  many  roeks ;  by  which  means,  a  moeh 
greater  store  of  expanrive  power  may  be  packed  into  a  small  space  than 
could  happen  if  these  vapors  had  not  the  property  of  becoming  liquid. 
For,  although  the  gas  occupies  much  less  room  in  a  Hqui<i  «trito,  yet  it 
exerts  exactly  the  same  pressure  upon  the  sides  of  the  cODtaimng  cavi^ 
as  if  it  remained  in  th(5  form  of  vapor. 

If  a  tube,  wlieiiier  of  glass  or  other  materials,  filled  with  condensed 
gas,  have  its  temperature  slightly  raised,  it  will  often  burst ;  for  a  slight 
increment  of  heat  causes  the  elasticity  of  the  gas  to  increase  in  a  very 

•  MaUett  p.  89. 
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higb  ntio.  We  have  ooly  to  suppose  certain  roeln,  permeated  by  thew 
liqoid  gaaee  (as  porous  strata  are  sometimes  fiUed  with  water),  to  have 
their  temperature  raised  some  hundred  degrees,  and  we  obtain  a  power 
capable  of  lifting  superincumbent  masses  of  almost  any  conceivable  thick- 
ness ;  while,  if  the  depth  at  which  the  gas  is  confined  he  great,  there  is 
no  reason  to  suppose  that  any  other  appearances  would  be  witnessed  by 
the  inhabitants  of  the  surface  tlian  vibratory  movements  and  rents,  from 
which  no  vapor  might  escape,  in  making  their  way  through  fissures  a 
very  few  miles  only  in  length,  or  in  forcing  a  passage  through  soft  yield- 
ing strata,  the  vapors  may  be  cooled  and  absorbed  by  water.  For  water 
has  a  strong  afiinity  to  several  of  the  gsses,  and  will  absorb  lai^e  quan^ 
titiea,  with  a  verjr  slight  increase  oC  ▼olume.  In  this  manner,  the  heat 
or  the  volume  of  springs  may  be  augmented*  end  th^  mineral  proper* 
ties  made  to  vaiy. 

Connection  behneen  the  state  cftk/s  atmosphere  and  eartkquake9,^^rbi6 
inhabitants  of  Stromboli,  who  are  mostly  fishermen,  are  said  to  make 
use  of  that  volcano  as  a  weather-glass,  the  empUons  being  compara^ 
tively  feeble  when  the  sky  is  serenp,  but  increasing  in  turbulence  during 
tempestuous  weather,  so  that  in  winter  tlie  island  often  seems  to  shake 
from  its  foundations.  Mr.  P.  Scrope,  after  calling  attention  to  these 
and  other  annlosious  facts,  first  started  the  idea  (ns  long  ago  as  the  year 
1825)  that  the  tiiiuinished  pressure  of  the  atmosphere,  the  concomitant 
of  stormy  weather,  may  modify  the  intensity  of  the  volcanic  action..  He 
-  suggests  that  where  liquid  lava  communicates  with  the  snrfaee,  as  in 
the  ciater  of  Strombcdi,  it  may  rise  or  fall  in  the  vent  on  the  same  prin- 
ciple as  mercury  in  a  barometer ;  because  the  ebullition  or  expansiTe 
power  of  the  steam  contained  in  the  lava  wodld  be  cheeked  by  every 
increase,  and  augmented  by  every  diminution  of  weight.  In  like  man- 
ner, if  a  bed  of  liquid  lava  be  confined  at  an  immense  depth  below  the 
surface,  its  expansive  force  may  be  counteracted  partly  by  the  weight 
of  the  incumbent  rocks,  and  also  in  part  hv  atmospheric  pressure  acting 
contempor.ineously  on  a  vast  superficial  area.  In  that  case,  if  the  up- 
]ieaving  force  increase  gradually  in  energy,  it  will  at  length  be  restrained 
by  only  the  slighUaL  degree  of  superiority  in  the  antagonist  or  repres- 
sive power,  and  then  the  equilibrium  may  be  suddenly  destroyed  by 
aoy  cause,  such  as  an  ascending  draught  of  au*,  which  is  capable  of 
depressing  the  barometer.  In  this  manner  we  may  account  for  the 
remarkable  comcidence  so  frequently  observed  between  the  state  of  the 
weather  and  subtenranean  commotions,  although  it  must  he  admitted 
that  earthquakes  and  Tolcanio  eruptions  react  in  thor  turn  upon  the 
atmoaphere,  so  that  disturbsncea  of  the  latter  are  generally  the  conse* 
quenccs  rather  than  the  forerunners  of  Tolcanie  disturbances.* 

From  an  elaborate  catalogue  of  the  earthquakes  experienced  in  Eu- 
rope and  Syria  during  the  la'-t  fiftcpn  renturies,''M.  Alexis  Perrey  luw 
deduced  the  conclusion  that  the  number  which  happen  in  the  winter 

*  Scrope  on  VolcaDosi^  pp.  68-<i0. 
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season  preponderates  over  those  which  occur  in  any  one  of  the  uthef 
sciisons  of  the  year,  there  being,  however,  some  exceptions  to  llil?  rule, 
as  in  the  Pyrfneos.  Curious  and  valuable  as  are  these  data,  M.  d'Ar- 
chiac  justly  remarks,  in  commenting  upon  them,  that  they  are  not  as 
yet  sulliciently  extensive  or  aceordant  iu  different  regions,  to  entitle  us 
to  deduce  any  general  conclusions  from  them  respecUng  the  laws  of 
subtenranean  movements  throughout  the  globe.* 

Permanent  ehvafion  and  m^ndenet, — ^tt  is  easy  to  ooneeive  tiirt  die 
shattered  rocks  may  assume  an  arched  form  during  a  coutuImo,  so 
that  the  country  above  may  remain  permanently  upheaved.  In  otber 
cases  gas  may  drive  before  it  masses  of  liquid  lava,  which  may  thus  bt 
injected  into  newly  opened  fissures.  The  gas  having  then  obtained 
more  room,  by  the  forcing  up  of  the  incumbent  rocks,  may  remain  ai 
rest ;  while  the  lavri  congealing  in  the  rents  may  afford  a  solid  fonada- 
tion  for  the  newlv  raised  district. 

Experiments  have  recently  been  mnde  in  America,  by  Colonel  Totten, 
to  ascertain  the  ratio  accordinix  to  which  some  of  the  stones  comaionlv 
used  in  architecture  expand  with  given  increments  of  heat.f  It  was 
found  impoiiblble,  in  a  cuuutiy  where  the  annual  variation  at  tempera- 
ture was  more  than  90^  F.,  to  make  a  coping  of  stones,  fire  feet  in 
length,  in  which  the  joints  should  fit  so  tightly  as  not  to  admit  wster 
between  the  stone  and  the  cement ;  the  annual  contraction  and  eipea- 
fion  of  the  stones  eannng,  at  the  junctions,  small  crevices,  the  widdi  of 
which  varied  with  the  nature  of  the  rock.  It  iras  ascertained  that  fine* 
j;rained  granite  expanded  Mrith  l""  F.  at  the  rate  of  '000004825 ;  while 
crystalline  marble  '000005^68 ;  and  red  sandstone  '000009532,  or 
4bout  twice  as  much  as  granite. 

Now,  according  to  this  law  of  expansion,  a  mass  of  sandstone  a  mile 
m  thickness,  which  should  h  ive  its  temperature  raised  2iiO  F..  vionld 
lift  a  superimposed  layer  of  rock  to  the  height  of  ten  feet  above  lis 
former  level.  But,  suppose  a  part  of  the  earth's  crust,  one  liuadred 
miles  in  thickness  and  equally  expansive,  to  have  its  teuiperatore  laiaed 
600°  or  800°,  this  might  produce  an  elevation  of  between  two  and 
three  thousand  feet.  The  cooling  of  the  same  mass  might  aflenrards 
cause  the  overlying  rocks  to  sink  down  agam  and  resume  th«r  oi^^nsl 
position.  By  such  agency  we  might  ez^mn  the  gradual  rise  of  Scan- 
dinavia or  the  subsidence  of  Greenland,  if  this  last  phenomenon  shoold 
also  be  established  as  a  fact  on  farther  in(juiry. 

It  is  also  possible  that  as  the  clay  in  Wedgwood's  pyrometer  eon* 
tracts,  by  giving  off  its  water,  nnd  then,  by  incipient  viirification;  so, 
large  masses  of  argillaceous  strata  on  the  earth's  interior  may  shrink, 
when  subjected  to  heat  and  chemical  changes,  and  allow  the  incumbent 
rocks  to  subside  gradually. 

Moreover,  it  we  suppose  thai  lava  cooling  slowly  at  great  depths 

■♦  Arclilac,  Hist,  den  ProErrcv^  dc  la  Gcol,  IS  17,  VoL  L  pp.  606-610. 
i  Silliman's  American  Joura  vol  xxiL  p.  136.   The  application  of  theM  r«KiU» 
Id  tbo  theory  of  earthquakes  was  first  suggested  to  me  by  Hr,  Babfaago. 
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w/j  be  eoQvsited  into  variom  gnoitb  roeln,  m  obtain  notber  louroe 
of  depicMkm;  for,  ■eeordiog  to  tbe  esperimenta  of  DeviHe  and  the 
cafeolitiont  of  Blseboff,  the  contraction  of  gramCo  wbea  passing  from  a 
adtod  or  plaitio  to  a  solid  and  oiystalSne  state  most  be  more  than  ten 
pereeai*  Tbe  sodden  subsidence  of  knd  maj^  also  be  occaskmed  by 
mbtenanean  caverns  giving  way,  when  gases  are  condensed,  or  vben 
tb^  escape  through  newly-formed  crevices.  The  subtraction,  more- 
over, of  matter  from  certain  parts  of  the  interior,  by  tlic  flowing  of  lava 
and  of  mineral  springs,  must,  in  tin'  course  of  ages,  cause  vacuities 
below,  so  Uiat  the  undorn;::-  d  .surface  u\ny  at  length  fall  in. 

The  balance  o/dri/  Land,  kow  preserved. — In  the  present  state  of  our 
knowledgp,  we  cannot  pretend  to  estimate  the  average  number  of  earth- 
quakes which  may  happen  in  the  course  of  a  single  year.  As  the  area  of 
tlie  oeean  is  neaily  three  thnea  thai  of  the  land,  H  is  probable  that  aboot 
tfnee  sabmarine  earthquakes  may  oconr  for  one  exolastrely  eooUneotal ; 
sad  when  we  consider  the  great  frequency  of  slight  movements  in  eer* 
trin  districts,  we  can  hardly  suppose  that  a  day,  if,  indeed,  an  hour,  ever 
'  passes  without  one  or  more  shocks  being  experienced  in  some  part  ot 
the  globe.  We  have  also  seen  that  in  Sweden,  and  other  countries, 
eha^es  in  the  relative  level  of  sea  and  land  may  take  place  without 
commotion,  and  these  perhaps  produce  the  most  important  geographi- 
cal and  geological  changes  ;  for  th*^  po-ition  of  land  may  be  altered  to  a 
greater  amount  by  an  elevation  or  de  pression  of  one  inch  over  a  vast 
area,  than  by  the  sinking  of  a  more  limited  tract,  such  as  the  forest  of 
Aripao,  to  the  depth  of  many  fallioms  at  once.f 

It  must  be  evident  from  the  hbtorical  details  .ibove  given,  that  tlie 
foice  of  anhlenaaean  movement^  whether  intermittent -or  contmnous^ 
whether  vnth  or  without  distnrbanoo,  does  not  operate  at  rsndom,  but  ia 
deretoped  in  cerlain  regions  only ;  and  although  the  klteratioDS  produced 
during  the  time  required  for  the  occurrenee  of  a  few  volcanic  omptiona 
may  6e  inconsiderable,  wc  can  hardly  doubt  that^  during  the  agea 
necessary  for  the  formation  of  large  volcanic  cones,  composed  of  tiiou* 
sands  of  lava  currents,  shoals  might  be  converted  into  lofty  mountains, 
and  low  lands  into  deep  seas. 

In  a  former  chapter  (p.  198),  I  havp  statf^d  that  aqueous  and  igneous 
agents  may  be  regarded  as  antagonist  forces  ;  the  aqueous  laboring  in- 
cessantly to  reduce  the  inequalities  of  the  earth's  surface  to  a  level, 
while  the  igneous  are  equally  active  in  renewing  the  unevenness  of  the 
surface.  By  some  geologists  it  has  been  thought  that  the  levelling  power 
of  runnbg  water  was  opposed  rather  to  the  dmfUxi^  force  of  eaith- 
quskes  than  to  their  action  generally.  Thia  opinion  is,  however,  iin« 
leoablo ;  for  the  smkmg  down  of  the  bed  of  the  ocean  ia  one  of  the 
means  by  which  the  gndualanboienioncfhmd  is  prevented.  Thedepth 
<if  the  sea  caimot  be  incrsased  at  any  one  point  without  a  universal  fall 
of  the  wat«n»  nor  ean  any  partisl  deposilion  of  sediment  occur  without 
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the  displacement  of  a  quantity  of  water  of  equal  ?<diime»  irliidi  wiH 
raise  the  sea,  though  in  an  imperceptiible  degree,  even  to  the  aatipodesu 

The  preservation,  therefore,  of  the  dry  land  may  smnetimes  be  effected 
by  the  subsidence  of  part  of  the  earth's  emst  (that  part,  namelf,  which 

18  covered  by  the  ocean),  and  in  like  manner  an  upheavinu^  movcmcnf 
must  often  tend  to  destroy  land  ;  for  if  it  rrnder  the  bed  of  the  sea  more 
shallow,  it  ^viIl  displace  a  certain  quantity  <^  water,  and  thus  tend  to 
submerge  low  tracts. 

Astronomers  having  proved  (see  above,  p.  1 29)  that  there  has  been 
no  change  in  the  diameter  of  the  earth  dumig  ihe  last  two  thousand 
years,  we  may  assume  it  as  probable,  that  the  dimenmoos  of  the  plioct 
nmain  uniform.  If,  then,  we  inqmre  in  what  manner  the  force  cf  ewth* 
quakes  must  be  regdhted,  in  order  to  restore  perpetually  the  ineqQilitics 
of  the  suiface  whieh  the  levelfing  power  of  water  tends  to  eflkee,  it  irill 
be  found,  that  the  amount  of  depression  must  exceed  that  of  eler^ioB. 
It  would  be  ot!icr\vlse  If  the  action  of  volcanoes  and  mineral  springs  were 
suspended ;  for  then  the  forcing  outwards  of  the  earth's  envelope  ought 
to  be  no  more  than  equal  to  its  sinking  in. 

To  understand  this  proposition  more  clearly,  it  must  be  kirne  in  mind, 
that  the  deposits  of  rivers  and  currents  probably  add  a- nmch  to  the 
height  of  lands  which  are  rising,  as  they  take  from  those  which  hnve 
risen.  Suppose  a  lar^  nvcr  to  bring  down  sediment  to  a  part  of  ihc 
ocean  two  thousand  feet  deep,  and  that  the  depth  of  this  part  is  giadoally 
reduced  by  the  accumulation  of  sedhnent  till  only  a  shosl  wa/im, 
covered  by  water  at  high  tidies ;  if  now  an  upheavmg  force  ihoiild  up* 
lift  thb  shoal  to  the  height  of  2000  feet,  the  result  would  be  a  moimtaB 
2O0O  feci  Ugh.  -  But  had  the  movement  raised  ihe  same  part  of  ^ 
bottom  of  the  sea  before  the  sediment  of  the  river  had  filled  it  up ;  then, 
instead  of  changing  a  shoal  into  a  mountain  2000  feet  high,  it  iroald 
only  have*  converted  a  deep  sea  into  a  shoal. 

It  appears,  then,  that  the  operations  of  the  earthquake  are  oft^n  such 
m  to  can^e  the  levelling  power  of  water  to  counteract  itst  lf;  and, 
alili(  ul:1i  llie  idea  may  appear  paradoxical,  we  may  be  sure,  whereTer 
we  tind  iiills  and  mountains  composed  of  stratified  deposits,  that  sneh 
inequalities  of  the  surface  would  have  hud  no  existence  if  water,  at  some 
former  period,  had  not  been  laboiiug  to  i-educe  the  earth's  burface  to 
one  level. 

But»  besides  the  transfer  of  matter  by  mnnuig  water  from  the  conti- 
nents to  the  ocean»  there  is  a  constant  transportation  from  below  sp- 
wards»  by  mineral  springs  and  volcamc.  vents.  As  mountain  msnei  aie, 
m  the  course  of  ages»  created  by  the  pouring  forth  of  successive  stran 
of  lava,  so  stratified  rocks,  of  gieat  extent,  originate  from  the  depositioB 
of  carbonate  of  limOi  and  other  mineral  ingredients,  with  which  spnng« 
are  impregnated.  Tlie  surface  of  the  land,  and  portions  of  the  bottom 
of  the  sea,  being  thus  raised,  the  external  accessions  due  to  these  opera- 
tions would  cause  the  dimensions  of  the  planet  to  enlarge  continually,  if 
the  amount  of  depression  of  the  earth's  crust  were  no  more  tician  &^uai 
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to  the  etevatioD.  In  order,  tbeiefore,  that  the  mean  diameter  of  the 
earth  should  remain  uoifonn,  and  the  uneTennesa  of  the  aorfaee  be  pre- 
aerred,  it  is  neceaaaiy  that  the  amount  of  subsidence  should  be  in  ex- 
eeaa.  And  such  a  predominanee  of  depression  is  fifur  from  improbable, 
on  mechanical  principles,  since  every  upheaving  movement  must  be 
expected  lAthPT  to  produce  caverns  in  the  mass  below,  or  to  cause  some 
diminution  of  its  density.  Vacuities  must,  also,  arise  from  the  sub- 
traction of  tlie^  matter  poured  out  from  volcanoes  and  mineral  springs, 
or  from  the  contraction  of  argillaceous  uui-sses  by  subterranean  heat ; 
and  the  foundations  having  been  thus  weakened,  the  earth's  crust,  shaken 
and  rent  by  reiterated  convulsions,  must,  in  the  course  of  time,  fall  in. 

If  we  embraee  llieae  yiews,  important  geological  consequences  will 
follow ;  aince,  if  there  be,  upon  the  wholes  more  aubaidenee  than  eleva* 
tioo,  the  average  depth  to  which  former  surfaces  have  annk  beneath 
their  original  level  must  exceed  the  height  whieh  ancient  marme  atrata 
have  attained  above  the  aea.  If,  for  example,  marine  strata^  about  the 
age  (tf  our  chalk  and  greensand,  have  been  lifted  up  in  Europe  to  an  ex- 
treme height  of  more  than  eleven  thousand  feet,  and  a  mean  elevation  of 
some  hundreds,  we  may  conclude  that  certain  parts  of  the  surface,  which 
existed  when  tho^p  strnt;i  were  depositefl,  have  sunlc  to  an  extreme  depth 
of  more  than  eleven  thousand  feci  beluw  their  origtoid  level,  and  to  a 
mean  depth  of  mor<?  than  a  few  hundreds. 

In  regard  to  faults,  also,  we  must  infer,  accurding  to  the  hypothesis 
now  proposed,  that  a  greater  number  have  arisen  from  the  sinking  down 
than  from  the  elevation  of  rocks* 

To  conclude:  it  seems  to  be  rendered  probable,  by  the  views  above 
explained,  that  the  constant  repair  of  the  land,  and  the  subaervieney  of 
our  planet  to  the  support  of  terrestrial  aa  well  aa  aquatic  species,  are  se- 
cured by  the  elevating  and  depressing  power  of  cauaea  acUng  in  the 
interior  of  the  earth ;  which,  although  so  often  the  source  of  death  and 
terror  to  the  inhabitants  of  the  globe — visiting  in  succession  every  zone, 
and  filling  the  earth  with  monuments  of  niin  nnd  disorder — are  never- 
theless the  agents  of  a  conservative  principle  above  aU  others  essential  to 
thtf  /t^bilitj  of  thi  system. 
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CHAPTER  XXXIXI.  ' 

CHANGES  OF  THE  OROAKIC  WOULD  KOW  IX  PROGRESS. 

INvWoo  «f  Uw  Mil^Jeet— Cmninttloii  of  Ihe  qmtlicii,  IVhetlier  wptam  Im  t 
imI  aiiiftiiwi  in  natore  f — Itnportaoce  of  this  qcoitioa  in  gtokl^— Skale^  ti 

Lamarck's  argmnentA  in  favor  of  tlx*  tm-jsinntation  of  spede^  and  his  oonjectum 
respecting  the  origin  of  existing  animala  and  plants — Uis  theory  of  the  tnu»- 
fivnwUon  of  tbe  oran^utaaf  into  ilie  human  iq;>eciM. 

The  last  book,  from  chapters  fourteen  to  thirty-three  inchisive,  was  oc- 
cupied "vvitli  the  consideration  of  the  changes  broufrht  about  on  tbe 
earth's  surfarp,  witliin  the  period  of  human  observation,  by  innrf^inic 
agents  ;  such,  for  example,  as  rivers,  marine  cun-ents*,  vol'  a:;  irt,  and 
earthquakes.  But  there  is  another  class  of  phenomena  ulaiii]!;  to  the 
organic  woi  kl,  which  have  an  equal  claim  on  our  attention,  if  we  desire 
to  obtain  possession  of  all  the  preparatory  knowledge  respecting  As  ff- 
isttng  couise  of  nature,  winoh  nay  be  avBilable  in  the  fatetpNtiiiaii  eC 
geological  moinimeiita.  It  appeued  from  our  preUnuiiaiy  skoteb  of  tke 
progress  of  the  science*  that  the  most  lively  mteiest  was  eieited  amoog 
its  eatlier  eultivaton,  by  the  discovery  of  the  remauis  of  aoimslB  sad 
plants  in  the  hiterior  of  moontiuns  fteqnenUy  remote  fiom  tbe  sea. 
Much  controversy  arose  respecting  the  nature  of  these  remains,  the 
Causes  which  may  have  brought  them  into  so  singular  a  position,  and  the 
want  of  a  specific  Agreement  between  thera  and  known  animals  and 
plants.  To  qualify  ourselves  to  form  jti^^t  views  on  these  curious  (jues- 
tions,  we  roust  first  study  the  present  condition  the  animate  creatioa 
on  the  globe. 

This  branch  of  onr  inquiry  naturally  divides  itself  into  two  parts:  fint, 
we  may  examine  the  vicissitudes  to  which  species  are  subject ;  sccondlj, 
tbe  processes  by  which  eertam  mdividnals  of  these  species  oecsnwaBy 
become  fossil.  The  first  of  these  dtvisknis  irill  lead  us,  amoog  dhir 
topics,  to  inquue,  first,  whether  species  have  a  real  and  pennaneot  «s- 
istenee In  naiiiret  or  wh^her  they  are  capable^  as  some  nataralists  pre- 
tend, of  being  indefinitely  modified  in  the  conne  of  a  long  series  of 
generations  t  Secondly,  whether,  if  species  have  a  real  existence,  tbe 
individuals  composing  them  have  been  derived  original  ly  from  many 
similar  stocks,  or  eaob  from  one  only,  the  descendants  of  which  hate 
spread  themselves  gradually  from  a  particular  point  over  the  hahitahk 
lands  and  waters  ?  Thirdly,  liow  far  the  duration  of  each  species  ol 
animal  and  plant  is  limited  by  its  dependence  on  certain  fluctuating  awl 
temporary  conditions  in  the  state  of  the  uuimate  and  inanimate  wodd-? 
Fourthly,  whether  there  be  proofs  of  the  suoceasive  eiteminalioa  of 
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•pedes  in  the  ordinary  cofune  of  nature,  and  whelher  there  be  any  rea- 
son for  conjecturing  tlint  new  animalB  and  plants  are  ereated  from  time 

to  time,  to  supply  their  place  ? 

WkHher  species  harp  a  real  existence  in  nature. — Before  we  can  ad- 
vance a  btep  in  our  propused  inquiry,  we  must  be  able  to  define  pre- 
cisely the  meaning  whicli  we  attach  to  the  term  species.  This  is  even 
more  necessary  in  geology  than  in  the  ordinary  studies  of  the  naturalist ; 
for  they  who  deny  that  such  a  thing  as  a  species  exists,  eoneede  never- 
theless that  a  hotanUt  or  xoologist  may  reason  as  if  the  specific  character 
irate  cooslant*  because  they  confine  tiieir  observations  to  a  brief  period 
of  lunow  Just  as  the  geographer,  m  constructing  his  maps  from  centmy 
to  century,  may  proceed  as  If  the  apparent  places  of  the  fixed  stars  re- 
mained absolutely  the  some^  and  as  if  no  alteration  were  brought  about 
by  the  precession  of  the  equinoxes;  so,  it  is  said,  in  the  organic  world, 
the  stability  of  a  species  may  he  taken  ns  absolute,  if  we  do  not  extend 
OTir  views  beyond  the  narrow  period  of  human  histor}'  ;  but  let  a  suffi- 
ririiL  numlHT  of  centuries  elapse,  to  allow  of  important  revolutions  in 
climuie,  phvoical  geography,  and  other  circumstances,  and  the  characters, 
say  they,  of  the  descendants  of  common  pirents  may  deviate  indefinitely 
from  their  original  type. 

Now,  if  these  doctrines  be  tenable,  we  are  at  once  presented  with  a 
principle  of  ineenmnt  change  in  the  organic  work! ;  and  no  degree  of 
dissimiUuity  in  the  pUints  and  aninuds  wl^h  may  formerly  liaTe  existed, 
and  are  found  fossil,  would  entitle  us  to  conclude  that  they  may  not  have 
been  the  prototypes  and  progenitors  of  the  species  now  livmg.  Accord- 
iDgly  M.  Geoffioy  St.  Hilairc  has  declared  his  opinion,  that  there  has 
been  an  uninterrupted  succession  in  the  animal  kingdom,  effected  by 
means  of  gencmtion,  from  the  earliest  ages  of  the  world  up  to  the 
present  day,  and  that  the  ancient  animals  whose  n?mains  have  been 
preserved  in  the  stmti,  however  ditfereut,  may  nevertheless  have  been 
the  ancestors  of  those  now  in  being.  This  notion  is  not  very  gen- 
erally received,  but  wc  are  not  warranted  in  asiiumiug  the  contrary, 
wilhoui  luily  explaining  the  data  tmd  reasoning  by  which  it  may  be 
refuted. 

I  shall  begin  by  statuig  as  concisely  as  possible  all  the  facts  and  in- 
gemous  arguments  by  which  the  theory  has  been  supported ;  and  for 
this  purpose  I  cannot  do  better  than  offer  the  reader  a  rapid  sketch  ol 

Lamarck's  statement  of  the  proofs  which  he  regards  as  confirmatory  of 
the  doctrine,  and  which  he  has  derived  partly  from  the  works  of  hb 
predecessors  and  in  part  from  original  invesUgations.  , 

His  proofs  and  inferences  will  be  best  considered  in  the  order  in  which 
they  appear  to  have  influenced  his  mind,  and  I  shall  then  point  out  some 
of  the  results  to  which  he  was  led  while  boldly  following  out  his  priuoi" 
plcs  to  their  legitimate  consequences. 

Jjamarck'a  ar^iments  in  favor  of  the  transmutation  of  .species. — The 
name  of  species,  observes  l.amarck,  has  been  usually  applied  to  "  every 
ooUeetion  of  similar  individuals  produced  by  other  indifiduals  like  them- 
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telvefl."*  This  defiiiitioii»  he  admits,  is  comet ;  because  eveiy  liiiiig 
individual  bears  a  very  close  resemblance  to  those  from  which  it  8pni|^ 
But  this  is  not  sll  which  is  usually  implied  by  the  term  spedes ;  for  Um 

majority  of  naturalists  agree  with  linnsBus  in  supposing  that  all  the  is- 
dividuals  propagated  from  one  stock  have  certain  distinguudiing  charac- 
ters in  common,  which  will  never  vary,  and  whitfh  have  remmned  tb« 
same  since  the  creation  of  each  species. 

In  ord-  r  to  shake  this  opinion,  Lamarck  enters  upon  the  following  line 
of  arg  i  t : — The  more  we  advance  in  the  knowledge  of  the  different 
orii-anizeti  bodies  which  cover  tlie  surface  of  the  c^lobe,  the  more  our  em- 
barrassment increases,  to  determine  what  ought  to  be  regarded  as  a 
species,  and  still  more  how  to  limit  and  distingiush  genera.  In  pro|KM^ 
tion  as  our  collections  are  enriched,  we  see  almost  every  void  fiUed  vp, 
and  all  our  lines  of  separation  effaced!  we  are  reduced  to  arbitniy  de- 
terminations, and  are  sometimes  fttn  to  mxe  upon  the  slight  diffineseet 
of  mere  varieties,  in  order  to  form  chaiactera  for  what  we  choose  to  call 
a  species  ;  and  sometimes  we  are  induced  to  pronounce  individuals  but 
slightly  differing,  and  which  others  regard  as  true  species,  to  be  varieties.  ' 

The  greater  the  abundance  of  natural  objects  assembled  to^'etbc r,  the  | 
more  do  we  discover  proofs  that  every  thinr^  pn^sos  bv  insensible  shades  | 
into  somethinLj  else  ;  that  even  tlie  more  remarkable  differences  are 
evanescent,  and  t  hat  nature  has,  for  the  most  part,  left  us  nothing  at  our  i 
disposal  for  estabHsliing  distinctions,  save  trifling,  and,  in  some  respects, 
puerile  particularities. 

We  find  that  many  gen.era  amongst  animals  and  plants  arc  of  audi  si 
extent,  in  consequence  of  the  number  of  species  referred  to  them,  that 
the  study  and  determination  of  these  last  has  become  almost  impncU- 
cahle.  When  the  species  are  arranged  m  a  series,  and  placed  nesrto 
each  other,  with  due  regard  to  their  natural  affinities,  they  esdi  dilftr 
in  A>  minute  a  degree  from  those  next  adjoining,  that  they  almost  melt 
into  each  other,  and  are  in  a  manner  confounded  together.  If  we  see 
isolated  species,  we  may  presume  the  absence  of  some  more  closely  con- 
nected, and  which  liave  not  yet  been  discovered.  Already  are  there 
genera,  and  even  entire  orders — nay,  whole  classes,  which  present  so 
approximation  to  tlie  state  of  tiling's  here  indicated. 

If,  w  hen  species  have  been  tluis  placed  in  a  regular  series,  we  select 
one,  and  then,  making  a  leap  over  several  mtermediate  ones,  we  take  a 
second,  at  some  distance  from  the  first,  these  two  will,  on  comparison, 
be  seen  to  be  very  dissimilar ;  and  it  is  in  this  manner  that  every  nst* 
uralist  begins  lo  study  the  objects  which  are  at  his  own  door.  He  then 
finds  it  an  easy'  task  to  establish  generie  and  specific  distinctions ;  snd  it 
is  only  when  his  experience  is  enlarged,  and  when  he  has  made  himsett 
master  of  the  intermediate  finhs,  that  his  difficulties  and  ambiguities  be- 
gm.  But  while  we  are  thus  compelled  to  resort  to  trifling  and  minut« 
eharaeters  in  our  attempt  to  separate  the  species,  we  find  a  striking  dis- 
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paiity  between  indindnals  which  we  know  to  have  descended  from  a 
common  stock ;  and  these  newly  acquired  peenliarities  are  regularly 
transmitted  from  one  generation  to  another/constitathig  what  are  called 

races. 

From  a  great  number  of  facts,  continues  the  author,  wc  Icnm  that 
in  proportion  as  the  individuals  of  one  of  our  species  change  their  situa- 
tion, climate,  and  manner  of  livinEj,  they  change  also,  by  little  and  little, 
the  consistence  and  proportions  of  their  parts,  their  form,  their  faculties, 
and  even  their  orijanization,  in  such  a  manner  that  every  thinsf  in  ihcrn 
comes  at  last  to  participate  in  the  mutations  to  whicli  they  have  been 
exposed.  Even  in  the  same  climate,  a  frrcat  difference  of  situation  and 
exposure  causes  individuals  to  vary  ;  bui  it  these  individuals  continue 
to  live  and  to  be  reproduced  under  the  same  diffcreQce  of  circumstances, 
distinctions  are  brought  about  in  them  which  become  in  some  degree 
essential  to  their  eibtenee.  In  a  word,  at  the  end  of  many  suceeasiTe 
generations,  these  uidindnaK  which  originally  belonged  to  another 
spedes,  are  transformed  into  a  new  and  distinct  species.* 

Thus,  for  example,  if  the  seeds  of  a  grass*  or  any  other  plant  which 
grows  naturally  in  a  moist  meadow,  be  accidentally  transported,  first  to 
the  slope  of  some  neighboring  hill,  where  the  soil,  although  at  a  greater 
elevation,  is  damp  enough  to  allow  the  plant  to  live  ;  and  if,  after  hav- 
ing hved  there,  and  having  been  several  times  regenerated,  it  reaches  by 
degrees  the  drier  and  almost  arid  soil  of  a  mountain  dcclivitv,  it  will 
then,  if  it  succeeds  in  growing,  and  perpetuates  itself  for  a  series  of  gen- 
erations, be  so  changed  that  botanists  Who  meet  with  it  will  regard  it  as 
a  particular  specics.f  Tlie  unfavorable  climate  in  tins  case,  deficiency 
of  nourishment,  exposure  to  the  winds,  and  other  causes,  give  rise  to  a 
stonted  and  dwarfish  race,  with  some  organ  more  developed  than  others, 
and  having  proportions  often  quite  peculiar. 

What  nature  brings  about  in  a  great  lapse  of  time,  we  occasion  sud- 
denly by  changing  the  eironmstances  in  whksh  a  species  has  been  accus- 
tomed to  live.  All  are  aware  that  vegetables  tdcen  from  their  birth- 
place, and  cultivated  in  gardens,  undergo  changes  which  render  them 
no  longer  recognizable  as  the  same  plants.  Many  which  were  naturally 
hairy  become  smooth,  or  nenrly  so ;  a  great  number  of  such  as  were 
creepers  and  trailed  along  the  ground,  rear  their  stalks  and  grow  oropt. 
Others  lose  their  tliorns  or  n^jicnties  ;  others,  u^xn'm,  from  the  ligneous 
state  which  Lheu  stem  possessed  in  hot  climates,  where  they  were  indi- 
genous, pass  to  the  herbaceous ;  and,  among  them,  some  whicli  were 
perennials  become  mere  annuals.  So  well  do  botanists  know  the  effects 
of  such  changes  of  drcumstanoes,  that  they  are  averse  to  describe  species 
from  garden  specimens,  unlesa  they  are  sure  that  they  have  been  culti- 
vatMl  for  a  very  short  period. 

la  not  the  cultivated  wheai"  (^ritkumtiUivum), aska  Lamarck,  "a 
fcgetable  brought  by  man  into  the  state  in  which  we  now  see  it  ?  Let 
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tnj  one  tell  me  in  what  country  a  similar  plant  grows  wild,  unless  wbem 
it  bas  escaped  from  cultivated  fields  ?  Where  do  we  find  in  nature  oni 
cabbages,  lettncos,  and  other  culinary  vegetables,  in  the  state  in  which 
they  appear  in  our  gardens  ?  Is  it  not  the  sanir*  in  re^'ird  to  n  -^rfat 
quantity  of  animals  which  domesticity  has  changed  or  coasideral)lv  m  nl- 
ified  ?"*  Our  domestic  fowls  and  pigeons  are  unlike  any  wild  buds. 
Our  domestic  ducks  and  geese  have  Ic^t  the  faculty  of  raising  them- 
selves into  the  higher  regions  of  the  air,  and  crossing  extensive  countries 
m  tbeir  flight,  like  the  wild  dnelBi  and  wild  geeie  fram  which  tb^  wen 
originally  derired.  A  bird  which  we  breed  in  a  cage  oaiiiiot»  when  le- 
suiffied  to  liberty,  fly  like  others  of  the  aamO'  species  wUeh  hcve  bett 
always  fr0e.  This  small  aHeration  of  ehfettmstances*  however,  has  ooij 
diminiBhed  the  power  of  flight,  without  modifying  the  fonn  of  any  part 
of  the  wings.  But  when  individuals  of  the  same  race  are  letained  In 
captivity  during  a  considerable  lengih  of  time,  the  form  even  of  their 
parts  is  gradually  made  to  differ,  rapeciaUy  if  climate,  nonrishmeot^  and 
other  circumstances  be  also  altered. 

The  nunn  ro\is  mcps  of  dogs  which  we  have  produced  by  domesticity 
are  nowhere  to  be  found  in  a  wild  state.  In  nature  we  should  seek  in 
vain  for  mastiff,  harriers,  spaniels,  greyhounds,  and  otlh  r  r  .ces.  between 
which  the  differences  are  sometimes  so  great  that  they  ^vuuid  be  readily 
admitted  as  specific  between  wild  animals  ;  yet  all  these  have  sprung 
originally  from  a  single  laoe,  at  first  approaching  very  near  to  a  wolf, 
if,  indeed,  the  wolf  be  not  the  tme  type  which  at  some  period  or  other 
was  domesticated  by  man.*' 

Although  hnportant  changes  in  the  nature  of  the  places  which  they 
inhabit  modify  the  oiganiaation  of  animals  as  well  aa  T^taUes ;  yet  the 
former,  says  Lamarck,  require  more  time  to  complete  a  considerable 
degree  of  transmutation  ;  and,  consequently,  we  are  less  sensible  of  such 
occurrences.    Next  to  ;i  diversity  of  the  medium  in  which  nninn!-;  or 
plants  may  live,  the  cii rum- lances  ^vhi(•h  have  most  influence  in  lu  ^l li  v- 
ing their  organs  are  dilleieiices  in  exposure,  climate,  the  nature  ot  the 
soil,  and  other  local  particulai-s.    These  circumstances  are  as  varied  as 
are  the  characters  of  the  species,  and,  like  them,  pass  by  insensible  shades 
into  each  oilier,  there  being  every  iutenuediate  gradation  between  the 
opposite  extremes.   But  each  locality  remains  for  a  yeiy  long  time  the 
same^  and  is  altered  so  slowly  that  we  can  only  become  eooscbns  of  the 
reality    the  change  by  ooosnlting  geological  monnments,  by  which  we 
leant  that  the  order  of  things  which  now  reigns  in  each  place  faae  not 
always  pre?ailed,  and  by  mferenoe  anticipate  thai  it  will  not  always  eon- 
tmne  the  same.f 

Bvery  considerable  alteratioii  in  the  loi»l  circumstances  in  whick  eaeh 
race  of  animals  exists  causes  a  change  in  their  wants,  and  these  new 

wants  excite  them  to  new  actions  and  habits.  These  actions  require  the 
more  irequent  'employment  of  some  parts  before  but  subtly  ezerG«ed» 
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and  Uwa  gnater  derelopmeiit  foUawa  aa  a  oonaafpienm  of  their  more 
frequent  use.  Other  xxrguiB  no  longer  in  use  are  impoverished  and 
din^uiished  in  size,  nay,  are  sometimes  entirely  annihilated,  while  in  theif 
place  new  porta  are  insantibly  produced  for  the  discharge  of  new  fane- 
tions.* 

I  must  here  interrupt  the  author's  argiimont,  by  observing,  that  no 
pi»suive  fact  is  cited  to  exemplify  the  subsiiiuiioa  of  some  entircli/  new 
sense,  faculty,  or  organ,  in  the  ruum  of  some  otlier  suppressed  as 
useless.  All  the  instances  adduced  go  only  to  prove  that  the  dimen- 
ma  and  atrength  of  membeia  and  the  perfec^on  of  certun  attributes 
may,  in  a  loqg  aaeoesBion  of  geoerationB,  be  leiaened  and  enfeebled  bjr 
diraae ;  or,  on  the  cootnuy,  be  matured  and  augmented  hj  aetire  ex- 
ertion ;  jnat  as  we  know  that  the  power  of  aeeni  is  feeUe  in  the  grey- 
bound,  while  its  swiftness  of  pace  and  its  aonteness  of  ughl  are  rniailt- 
able — that  the  harrier  and  stag-hound,  on  the  eontnuy*  are  compeni- 
tirely  alow  in  their  movements,  but  excel  in  the  sense  of  smelling. 

It  was  necessary  to  point  out  to  the  reader  this  important  chasm  in 
the  chain  of  <>vidcnce,  because  he  mi^ht  otherwise  imagine  that  I  had 
merely  omitted  the  illustrations  for  tlie  sako  of  brevity ;  but  the  plain 
truth  is,  that  tliere  were  no  examples  to  be  found  ;  and  when  Lamarck 
talks  "of  the  efforts  of  internal  stuUment,"  *'the  influence  of  subtle 
Uuidi,"  and  "  xicts  of  organization,"  as  causes  whereby  animals  aad  plants 
may  acquu^  new  organs,  he  substitutes  names  for  things  ;  and,  with  a 
disregard  to  the  atrieC  mBea  of  indnctbn,  resorts  to  fictions,  aa  ideal  as 
the  "  phistio  Tirtua,"  and  other  phantoms  of  the  geologists  of  the  middle 
ages. 

It  ia  evident  that,  if  some  well-anthentioatod  fiusta  eouM  have  been 
addneed  to  establish  one  coin  pie  te  step  in  the  process  of  tranaformation, 
such  aa  the  appearanoe,  in  individuals  deseending  from  a  common  stock, 
at  a  sense  or  organ  enUrely  new,  and  a  complete  dbappearance  of  some 

other  enjoyed  by  their  progenitors,  time  alone  mi^ht  then  be  supposed 
.suffu  it^nt  to  bring  about  any  amount  of  metamorphosis.  The  gratuitous 
.-issumptum,  therefore,  of  a  point  so  vitnl  to  the  Uieory  of  transmutation, 
was  unpardonable  on  the  part  of  its  advocfite. 

But  to  proceed  with  the  system :  it  being  assumed  jus  an  undoubted 
fact,  that  a  change  of  external  circumstances  may  cause  one  organ  to 
beoome  entirely  obsolete,  and  a  new  one  to  be  developed,  such  aa  never 
befoia  belonged  to  the  speoiee,  the  foUowtng  proposition  is  annonnced, 
which,  howwtr  staggering  and  absurd  it  may  seam,  is  logically  deduced 
firam  the  assumed  premises.  It  Is  not  the  organs,  or,  in  other  wordsr 
the  nature  and  form  of  the  parts  of  the  body  oif  an  animal,  which  have 
given  rise  to  ita  habits,  and  its  particular  faculties;  but,  on  the  contrary, 
its  habits,  its  manner  of  living,  and  those  of  its  progenitors,  have  in  the . 
course  of  time  determined  the  form  of  its  body,  the  number  and  condi- 
tion of  its  oigaos — ^in  shorty  the  faculties  which  it  enjoys.   Thus  ottersi 
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beavers,  waterfowl,  turtles,  and  frogs,  were  not  made  web-footed  ia 
order  that  they  might  swim  ;  but  their  wants  having  attracted  them  to 
the  water  in  search  of  prey,  they  stretched  out  the  toes  of  their  feet  to 
strike  the  water  and  move  rapidly  along  its  surface.  By  the  repeated 
stretching  of  their  toes,  tlie  skin  which  united  them  at  the  base  acquired 
a  habit  of  extension,  until,  in  the  course  of  timo,  the  broad  membranes 
which  now  connect  their  extremities  were  formed. 

In  hke  manner,  the  antelope  and  tlie  gazelle  were  not  endowed  with 
light  agile  forms,  in  order  tiiat  tliey  might  Ciicape  by  flight  from  car- 
nivoioiu  ammals ;  but,  having  been  exposed  to  the  danger  of  hmg 
devoured  by  lions,  tigers,  and  other  beists  of  prey,  they  were  compelled 
to  exert  ihemselvee  m  nrnning  with  great  eelerity ;  a  habit  whieh,  in  the 
ooane  of  many  generations*  gave  rise  to  the  pecidiar  slendenesa  oC  their 
legs,  and  the  agility  and  elegance  of  their  forms. 

The  eamelopard  was  not  gifted  with  a  long  flexible  neck  became  it 
was  destined  to  live  in  the  interior  of  Africa,  where  the  soil  was  and 
and  devoid  of  herbage ;  but,  being  redaced  by  the  nature  of  that 
country  to  support  itself  on  the  foliage  of  lofty  trees,  it  contracted  a 
habit  of  stretching  itself  up  to  reach  the  high  boughs,  until  its  neck 
became  so  eloni^^ated  that  it  could  r^e  itfi  bead  to  the  height  of  twenty 
feet  above  the  ground. 

Another  line  of  argument  is  then  entered  upon,  in  farther  corroi)- 
oration  of  the  instability  of  species.  In  order,  it  is  said,  that  individ- 
uals should  perpetuate  themseh  es  unaltered  by  generation,  those  be- 
longing to  one  species  ought  never  to  ally  themselves  to  those  of 
another;  but  snch  sexoal  unions ilo  tahe  place,  both  among  plants  and 
animals ;  and  although  the  offspring  of  such  irregular  connections  are 
usually  sterile,  yet  such  is  not  always  the  ease.  Hybrids  hava  aoae* 
times  proved  pxolific,  where  the  disparity  between  the  species  was  not 
too  great;  and  by  this  means  alone,  says  Lamarck,  varieties  may  grad- 
ually be  created  by  near  alliances,  which  would  become  laee^,  and  in  the 
course  of  time  would  constitute  what  we  term  specie.* 

But  if  the  soundness  of  all  these  arguments  and  inferences  be  ad> 
mitted,  we  are  next  to  inquire,  what  were  the  original  types  of  form, 
organization,  and  instinct,  from  which  the  diversities  of  character,  as 
now  exhibited  by  animals  and  plants,  have  been  derived?  We  know 
that  individuals  whicli  are  mere  varieties  of  the  same  species  would,  if 
their  pedigree  could  bo  traced  bick  far  enough,  termmate  in  a  single 
stock ;  so,  according  to  the  train  of  reasoning  before  described,  the 
species  of  a  genus,  and  even  the  genera  of  a  great  family,  must  have 
had  a  common  point  of  departure.  What»  then,  was  the  single  sten 
from  which  so  many  tarieties  of  form  have  nmi6ed?  Were  tban 
•many  of  these,  or  are  we  to  refer  the  origin  of  tiie  whole  aioDuite 
creation,  as  the  Egyptian  priests  did  that  of  the  univene^  to  a  anigla 
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III  the  absence  of  any  pontive  data  for  finmiiig;  a  tlieory  on  so  obscure 
a  subject,  the  foUowiog  considemtioos  wflro  deemed  of  importaooe  to 

gU!<le  ronjecture. 

In  the  first  place,  if  .we  examine  the  whole  series  of  known  animals, 
from  one  extremity  to  the  other,  when  they  are  arranged  in  the  order 
of  their  natural  relations,  we  find  that  we  may  pass  progressively,  or,  at 
least,  with  very  few  interruptions,  from  beings  of  more  simple  to  those 
of  Q  more  compound  structure ;  and,  in  proportion  as  tbe  compleiiiy  of 
their  organiaition  inereasee,  the  number  and  dignity  of  their  feonldes 
inoreaae  also^  Among  plants,  a  nmilar  approximation  to  a  graduated 
sesle  of  being  is  apparenL  Seeondly,  it  appears,  from  geological  obsoT' 
nations,  that  plants  and  animals  of  more  simple  oiganizB^on  existed  on 
tbe  globe  beiora  the  appearance  of  those  of  more  compound  struoture, 
and  the  latter  were  successively  formed  at  more  modem  periods ;  each 
new  race  being  more  fully  developed  than  the  most  perfect  of  the  pre- 
ceding era. 

Of  the  truth  of  tbe  last-mentioned  geological  theory,  Lamarck  seems 
to  have  been  fully  persuaded  ;  and  he  also  shows  that  he  was  deeply 
imprci>S€d  with  a  belief  prevalent  amongst  the  older  naturalists,  that  the 
primeval  ocean  invested  the  whole  planet  long  after  it  became  tbe  habi- 
tation of  living  beings ;  and  thus  he  was  inclined  to  assert  the  priority  of 
the  types  of  marine  animals  to  those  of  the  toirestrial,  so  as  to  fancy/for 
example,  that  the  testaoea  of  the  ocean  existed  first,  untO  some  of  them, 
by  gradual  evolution,  were  Improved  into  those  inhabiting  the  land. 

These  speculative  views  had  already  beeut  in  a  great  degree,  anticipated 
by  Demaillet  in  bis  Telliamed,  and  by  several  modem  writers ;  so  that 
the  tjiblcs  were  completely  turned  on  the  philosophei-s  of  anticjuity,  with 
whom  it  was  a  received  maxim,  that  created  things  were  always  most 
I '  if  ot  when  they  came  first  from  the  hands  of  their  Maker;  and  that 
tliei  e  was  a  tendency  to  progressive  deterioration  in  sublunary  things 
when  ieft  to  themselves— 

 omnia  fatia 

In  pejns  mer^  ac  retr6  rabUpas  referrL 

So  deeply  was  the  faith  of  tbe  ancient  schools  of  philosophy  imbued 
with  this  doetiiDe»  that,  to  cheek  thb  univenal  proneness  to  degeneracy, 
nothing  less  than  the  reraterrention  of  the  Deity  was  thought  adequate ; 
and  it  was  held,  that  thereby  the  order,  excellenoe,  and  pristme  energy 

of  the  moral  and  physical  world  had  been  repeatedly  restored. 

But  when  the  possibility  of  the  indefinite  modification  of  individuals 
descending  from  oommoa  parents  was  once  assumed,  ns  also  tbe  geolo* 
gical  inference  respecting  the  progressive  development  of  organic  life, 
it  was  natui:il  tli  it  the  ancient  dogma  should  be  rojocted,  or  rather  re- 
versed, and  that  the  most  simple  and  imperfect  fonns  ;ind  faculties  should 
be  conceived  to  have  been  the  originals  whence  all  otli-  la  were  developed. 
Accordingly,  in  conformity  to  these  views,  inert  matter  was  supposed  to 
have  Wn  first  endowed  with  Ufc  :  until,  in  the  course  of  ages,  sensation 
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ma  snpenddtid  to  mere  vitality :  sight,  hearing,  and  the  other  mums 

were  afterwards  acquired  ;  then  instinct  and  the  mental  facultaea ;  fUlfOy 
finally*  by  virtue  of  the  tendency  of  things  to  progrurim  tmprwmtni, 
the  irrational  was  developed  in  the  rational. 

The  reader,  however,  ■will  immediateh'  perceive  that  when  all  the 
higher  orders  of  plants  and  animals  were  thus  supposed  to  ho  rompara- 
tively  modern,  and  to  have  been  derived  in  a  long  serte*  <A  g^'nerations 
from  those  of  more  simple  conformation,  some  farther  hypothesis  became 
indispensable,  in  order  to  explain  why,  after  an  indefinite  lapse  of  ages, 
there  were  atill  ao  nnny  bonga  of  tbe  nmpkat  atmcture.  Why  bare 
tlie  majority  of  eiirtiog  ereatorea  Tematned  statunwiy  tbroagbovt  tin 
long  aneoeaakm  of  epooba,  while  otfaera  have  made  aueh  prod^giow 
advaneea?  Why  ate  there  such  mnltitades  of  infoaoria  afll  polypi^  or 
of  eonferve  and  other  eryptogaraic  plants?  Why,  moreover,  haa the 
proeeaa  of  developmmt  acted  with  such  unequal  and  irregular  force  on 
tiiose  classes  of  bdmgs  which  have  been  greatly  perfected,  so  that  there 
are  wide  chasms  in  the  series  ;  .gaps  so  cnormons,  that  Lamarck  faiiiy 
admits  we  can  never  expect  to  iill  them  up  by  future  discoveries?  • 

Tlie  following  hypothesis  was  provided  to  meet  these  ohjecfioris. 
Nature,  we  are  told,  is  not  an  inielliij^ence,  nor  the  Deity  ;  but  a  dele- 
gated power — a  mere  instrument — a  piece  of  mechanism  acting  by 
necessity — ^an  order  of  things  constituted  by  the  Supreme  Being,  and 
anbject  to  hwa  which  am  the  etpreaaioiia  of  hia  will.  Thia.Hataie  is 
nlbUgtd  to  proceed  gradually  in  all  her  operationa ;  ahe  cannot  prodaee 
aoimab  and  planta  of  all  claasea  at  once,  bnt  mnat  always  begin  by  tha 
fonnation  of  the  most  simple  kinds,  and  ont  of  them  elaborate  the  mon 
compound,  adding  to  them,  aueceaaively,  different  systems  of  oigans,  sad 
multiplying  more  and  more  their  number  and  energy. 

This  nature  is  daily  engaged  in  the  formation  of  the  elementary  mdi- 
mcnts  of  animal  and  vegetable  existence,  which  correspond  to  what  tlie 
ancients  termed  spontaneous  generation.  She  is  always  beginninjjf  anew, 
day  by  day,  the  work  of  creation,  by  forming  monads,  or  "rough 
draughts"  (ebauches),  which  are  the  only  living  things  she  gives  birth 
to  directly. 

There  are  distinct  primary  rudiments  of  plants  and  animals,  and 
probabljf  of  each  of  the  great  divisions  of  (he  aohnal  and  vegetable 
kSngdoma.*  These  are  gradually  developed  into  the  lugger  and  more 
perfect  dassea  by  the  alow  bat  unceasing  agency  of  two  infltiwitM 
principles:  fint,  ike  Imdmey  topropnmve  advametmeiU  in  oigaaiaatiai, 
accompanied  by  gpreater  dignity  m  instinct,  intell^ence,  &c. ;  second^* 
the  force  of  external  circumstances,  or  of  variatioi^  in  the  physical  con- 
ditioii  of  the  earth,  or  the  mntnal  rektions  of  plants  and  animals.  For, 
as  species  qsread  themselves  gradually  over  the  globe,  they  are  exposed 
from  time  to  time  to  variations  in  chmat^",  and  to  changes  in  the  quantity 
and  quality  of  their  food ;  they  meet  with  new  plants  and  animals  which 

*  Aaiaiaux  sans  Yert  torn.  i.  pi  66,  lutroductno. 
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umtX  or  retard  tlmr  developmenti  bjr  inpplying  then  wHh  nutriment^ 
or  destroying  iheir  foes.  The  nature,  alao,  of  eaeb  looafity,  is  ia  itself 

fluctuating ;  so  that,  even  if  the  relation  of  other  animals  and  plants  were 
mvarlnblo,  tlio  habits  aod  organialioB  of  speeiea  would  be  modified  bj 
the  influence  of  local  revolutions. 

Now,  if  the  first  of  the5?e  principles,  ihx  tendency  to  progressive  devel- 
opment, were  left  to  exert  itself  with  perfect  freedom,  it  would  {*ive  rise, 
savs  Luinarck,  in  the  course  of  ages,  to  a  graduated  scale  of  heing, 
where  the  mn-t  '?n«>ensible  transition  might  be  traced  from  the  simplest 
to  the  most  eurnpuuiid  structure,  from  the  humblest  t^o  the  most  exalted 
degree  of  intelligence.  But,  ui  consequence  of  the  perpetual  interference 
of  tho  external  causes  before  mentioned,  this  regular  order  is  greatly 
interfered  with,  and  an  approiimatioD  only  to  such  a  state  of  thii^  is 
eihlfaited  by  the  animate  creation,  the  progress  of  some  raties  being 
retarded  by  unfavorable,  and  that  of  others  aeoelerated  by  favorable, 
eombinations  of  etrcmnstances.  Uenoe^  all  kbds  of  anomalies  inteirapt 
the  continuity  of  tlie  plan ;  and  ehasm^  into  which  whole  genera  or 
families  might  be  inserted,  are  seen  to  separate  the  nearest  existing  por- 
tions of  the  series. 

Lamarck's  iheon/  of  the  tram^formntton  of  the  oranrf-mtnnrf  into  the 
human  species. — Such  is  the  machinery  of  the  Lamarckiun  system  ;  but 
the  reader  will  hardly,  perliap*?,  be  abh^  to  form  a  perfect  conception  of 
so  complicated  a  piece  of  mechanism,  unless  it  is  exhibited  in  motion, 
io  that  ^ve  Jiuty  see  in  what  manner  it  can  work  out,  under  the  author's 
guidance,  ail  the  extraordinary  effects  which  wo  behold  in  tiie  present 
state  of  the  animate  creation.  X  have  only  space  for  exhibiting  a  small 
part  of  the  entire  process  by  which  a  complete  metamorphosis  is 
aehieTed,  and  shall  therefore  omit  the  mode  by  which,  after  a  countless 
succession  of  generations,  a  smsll  gelatinons  body  b  trsnsformed  into 
an  oak  or  an  ape ;  passing  on  nt  once  to  the  last  grand  step  in  the 
progressive  scheme,  by  which  the  orang-outang,  having  been  alread]^ 
evolved  ou»  of  a  monad,  is  made  slowly  to  attain  the  attributes  and 
dignity  of  man. 

One  of  the  races  of  quadrumanous  animals  wliicli  had  reached  the 
highest  state  of  perfection,  lost,  by  constraint  of  circumstances  (con- 
cerning the  exact  nature  ol  winch  tradition  is  unfortunately  silent),  the 
habit  of  climbing  trees,  and  of  hanging  on  by  grasping  the  boughs  with 
their  feet  as  with  hands.  The  individuals  of  this  race  being  obliged, 
for  a  long  series  of  generations,  to  nse  their  feet  exelnsively  for  widk- 
log,  and  ceasing  to  employ  theur  hands  as  feet,  were  transformed  into 
bimanons  animals,  and  what  before  were  thmnbs  became  mere  toes,  no 
separation  being  required  when  their  feet  were  used  aolelj  for  walldog. 
Having  acquired  a  habit  of  holding  themselves  upright^  their  legs  and 
feet  assumed,  insennbly,  a  conformation  fitted  to  support  them  in  an 
erect  attitude,  till  at  hist  tliese  animals  could  no  longer  go  on  ail^fours 
without  much  inconvenience. 

The  Angola  onmg  (iStmto  iroglodytu.  Linn.)  is  the  most  perfect  ot 
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animals ;  much  more  bo  than  the  Indian  orang  (Simia  Saiyrus),  wfaioh 

has  been  called  the  orang-outang,  although  both  are  vert/  inferior  to 
man  in  corporeal  powers  and  intelligence.  These  animals  frequently 
hold  thcmcr]vos  upright;  but  their  organization  has  t?'^!' vf/ been  suf- 
ficiently moditied  to  sustain  them  habitually  in  this  att'uude,  so  that  the 
standing  posture  is  very  uneasy  to  them.  When  tin-  Indian  oraug  is 
compelled  to  take  tlighl  Irom  pressing  danger,  he  immediately  falls 
down  upon  all-fours,  showing  clearly  lliiiL  this  was  the  original  position 
of  the  animal.  Even  in  man,  whose  organization,  in  the  course  of  a 
long  series  of  geneifttioiia»  has  advanced  ao  inneh  farther,  the  upright 
poetnre  is  fatiguing,  andean  be  supported  on!/  for  a  limited  time,  and 
by  aid  of  the  coDtraction  of  many  muscles.  If  the  vertebral  oolomii 
formed  the  axis  of  the  hmnaa  body,  and  supported  the  bead  and  all 
Uie  other  parts  in  eqmlibcium,  then  imght  the  upright  positioii  be*  a 
state  of  repose :  but,  as  the  hmnan  head  does  not  articulate  in  the  cen- 
tre of  gravity,  as  the  chest,  belly,  and  other  parts  press  almost  enloelf 
forward  with  Uieir  whole  weight,  and  as  the  vertebral  column  reposes 
upon  an  oblique  base,  a  watchful  activity  is  required  to  prevent  the 
body  from  falling.  Children  who  have  large  heads  and  prominent  bel- 
lies can  hardly  walk  at  the  end  even  of  two  years  ;  and  their  frequent 
tumbles  indicate  the  natural  tendency  in  man  to  resume  the  quadru- 
pedal state. 

Now,  when  so  much  progress  had  been  made  by  the  quadrumanous 
animals  before  mentioned,  that  tbej  conld  hold  themselves  babituallj 
in  an  erect  attitude,  and  were  accostomed  to  a  wide  range  of  vistoo,  and 
ceased  to  use  their  jaws  for  fighting  and  tearing,  or  for  clipping  herbs 
for  food,  their  snout  became  gradnally  shorter,  their  incisor  teeth  became 
vettieal,  and  the  facial  angle  grew  more  open. 

Among  other  ideas  which  the  natural  tendency  to  pt/ffteticn  engen- 
dered, the  desire  of  ruling  suggested  itself,  and  this  race  succeeded  at' 
length  in  getting  the  better  of  the  other  animals,  and  made  themselves 
raastcre  of  all  those  spots  on  the  surface  of  the  globe  which  best  suited 
them.  They  drove  out  the  animals  which  approached  nc  nrf^st  them  in 
organization  and  intelligence,  and  which  were  in  a  condui  n  to  dispute 
with  them  the  good  things  of  this  world,  forcing  them  to  take  refuge  in 
deserts,  woods,  and  wildernesses,  >vhcre  their  multiplication  was  checked, 
and  the  progressive  development  of  their  faculties  retarded  ;  while,  in 
the  mean  time,  the  dominant  race  spread  itself  in  every  dheclion,  and 
lived  in  large  companies,  where  new  wants  were  snccessively  created, 
eiciting  th^m  to  industry,  and  gradually  perfecUng  their  means  and 
facnlties. 

In  the  supremacy  and  increased  intdUgence  acquired  by  the  ruling 
race,  we  see  an  illustration  of  the  natural  tendency  of  the  organic  woold 
to  grow  more  perfect ;  and,  in  their  influence  in  repressing  the  advance 
of  others,  an  example  of  one  of  those  dtsturbiog  causes  before  enumer- 
ated, i\rc\{  force  (f  external  cireumstancet  which  causes  such  wide  chasmii 
in  the  r^ular  series  of  animated  being. 
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When  the  individuals  of  the  dominant  race  became  very  numerous* 
their  ideas  greatly  increased  in  number,  and  they  IV IL  the  necessity  of 
communicating  them  to  each  other,  and  of  augmt  ntmL^  and  varying  the 
signs  proper  for  the  communication  of  ideas.  Meanwiiile  the  inferior 
quadrumanous  animals,  although  most  of  them  were  gregarious,  acquired 
no  new  ideas,  being  persecuted  and  restless  in  the  deserts,  and  obliged 
to  fly  and  oooceal  theauelvflt*  ao  (bai  lliey  conceived  no  new  muita. 
Such  ideae  aa  they  already  had  remained  muJlerod,  and  they  Could  dia- 
penee  wkh  the  coaiminiicatkMi  of  the  grealer  pait  oC  theaa^  To  maka 
thflnaelvae»  therefore,  understood  by  their  fellowi^  required  merely  a 
few  movemcnta  of  the  body  or  limbs — whistlingv  and  the  uttering  of 
certain  cries  vMied  by  the  inflexions  of  the  voice. 

On  the  contrary,  the  individuals  of  the  ascendant  race,  animated  with 
a  desire  of  interchanging  their  ideas,  which  became  more  and  more 
numerous,  were  prompted  to  multiply  llie  means  of  communication,  and 
were  no  longer  saUbUeU  with  mere  pantomimic  signs,  nor  even  with  all 
tiic  possible  inflexions  of  the  voice,  but  made  continual  efforts  to  acquire 
the  power  of  uttering  articulate  sounds,  employing  a  few  at  tirst,  but 
aftorwaida  varying  and  perfecting  them  according  to  the  iacnaee  cC  their 
wanta.  The  habitual  eiercise  of  their  throat,  tongoe,  and  fips,  inaennbly 
modified  the  conformation  oC  these  organs,  until  they  became  fitted  hr 
the  fiicnlty  of  apeech.* 

In  effecting  Una  mighty  change,  "  the  exigencies  of  the  mdividnak 
were  the  sole  agents;  they  gave  rise  to  efforts,  and  the  organs  proper 
for  articulating  sounda  were  developed  by  then:  habitual  employment." 
Hence,  in  this  peculiar  race,  the  origin  of  the  admirable  faculty  of  speech  ; 
hence  also  the  diversity  of  languages,  since  the  distance  of  places  where 
the  individuals  composing  the  race  established  themselves  soon  favored 
the  corruption  of  conventional  signs.f 

In  conclusion,  it  may  be  proper  to  observe  thai  liiu  above  sketch  of 
the  Lamarcldan  theozy  is  no  exaggerated  picture,  and  those  passages 
which  have  probably  excited  the  greateat  aurpriae  in  the  mind  of  the 
leader  are  literal  trsaalatioiiB  from  the  original. 

•  LuDaick'sFhiLZooLtMn.ip.306.         f  Ibidf^m 
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TRAMeJfUTATIOK  OF  SPECIES  CQHtinU^t 

EtOftpituUtioB  of  tho  «ig«m€Bto  ia  ikvor  of  ihe  tfaooy  of  fnamnMUm  of 

species — ^Their  inBufficieney — Causes  of  difficulty  in  discrimiDating^  spe^m^ 
Some  ynriotie'^  possibly  more  distinct  tlian  certain  individuals  of  distinct  fp«- 
cies — Variability  in  a  species  consistent  with  a  belief  that  tho  limiU  of  dem> 
tioa  are  fixed— No  faclt  of  tmuomtetioa  authoiitintod— Yori«ll«i  of  iSbt 
Dog— 4lio  Dog  and  Wolf  diatiiMt  q)ecie8 — Mummies  of  various  animals  from 
Egypt  identical  in  character  with  living  individuals — vSceds  and  planU  from 
the  Egyptiaa  tomba— Hodifications  jwodnced  in  plants  by  a^cultore  and 
gardening. 

Tbb  theory  of  tJio  trutamutadoii  of  spedes,  considered  in  the  last 
ebftpter,  has  met  with  some  degree  of  favor  from  many  naturalists, 
from  their  desire  to  dispense,  as  fiur  as  possible,  with  the  reputed  inter- 
vention of  a  First  Causa,  as  often  as  geological  monuments  attest  the 
suocesfsive  appearance  of  new  races  of  animals  and  plants,  and  the  ex- 
tinction of  those  pre-existing.  But,  independently  of  a  predi?p(XMtion 
to  account,  if  possible,  for  a  s(>rit:*s  of  changes  in  tlie  or<::anlo  world  by 
flic  regular  action  of  secondary  causes,  we  have  seen  that  in  truth 
many  perplexinjr  difficulties  present  themselves  to  one  who  attempts  to 
establish  the  nature  and  reality  of  the  specific  character.  And  if  ouce 
there  appears  ground  of  reasonable  doubt,  in  regard  to  the  constancy  of 
species^  the  amount  of  transformation  whidi  they  are  capable  of  under 
going  may  seem  to  revive  itself  into  a  mere  question  of  the  quantity 
of  time  assigned  to  the  past  duration  of  animate  eiistence. 

Before  entering  upon  the  reasons  which  may  be  adduced  for  r^jseting 
Lamarck's  hypothesis,  I  shall  recapitulate,  in  a  few  words,  the  pheiio> 
mena,  and  the  whole  train  of  thought,  by  whieli  I  conceive  it  to  have 
been  suggested,  and  which  have  gained  for  this  and  analogous  theories, 
both  in  ancient  and  modern  times,  a  considerable  number  of  votaries. 

Ill  the  first  place,  the  various  groups  into  which  ]  Innts  and  animal* 
may  be  throw  n  seem  almost  invariablv,  to  a  beginner,  to  be  so  natural, 
that  is  usually  convinced  at  hrst,  as  was  LinncEUS  to  the  last,  "  that 
geueru  are  as  much  founded  in  nature  as  the  species  which  compose 
them."  *  When  by  examining  the  numerous  intermediate  gradations 
the  student  finds  all  lines  of  dwuureation  to  be  in  most  instances  ob- 
literated, even  where  they  at  first  appeared  most  diatincti  he  grow» 
more  and  more  sceptical  aa  to  the  real  existence  of  genera,  and  finally 
regards  them  aa  mere  arbitrary  and  artificial  signs^  invented,  like  those 

est  natnralfi,  in  primordio  tslo  erMtam,  Ao.  FhiL  Bok  f  IMl 
See  also  ibid,  g  162. 
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which  serve  to  distiiigauh  the  heavenly  eomteUatioiWy  for  the  conveni* 
enco  of  classificatioii,  and  having  as  little  pretenriona  to  reality. 

Doubts  are  then  engendered  in  his  mind  as  to  whether  species  may 
not  abo  be  equally  unreal.  The  student  is  probably  first  struck  with 
the  phenomenon,  that  some  individuals  are  made  to  deviate  widely 
from  the  ordinary  type  by  the  force  of  peculiar  circumstances,  and 
with  the  stili  more  extraordinary  fact,  that  tlie  newly  acquired  pecu- 
liarities are  faithfully  transmitted  to  Uic  otTspring.  How  far,  he  asks, 
may  such  variations  extend  in  the  course  of  indefinite  periods  of 
time,  and  during  great  vicissitudes  in  the  physical  condition  of  the 
globe!  His  growing  incertitude  is  at  first  checked  by  the  reflection 
that  natoie  has  forbklden  the  intemuxtnre  of  the  descendanta  of 
dntiDet  original  stocks,  or  has,  at  leasts  entailed  sterility  on  their 
oAsprittg,  tiierehy  pteventiDg  their  being  confounded  togeUier,  and 
pointing  out  that  a  multitude  of  distinct  types  must  have  been  created 
in  the  beginning,  and  must  have  remained  pnie  and  unconmpted  to 
this  day. 

Relyinfl^  on  this  general  law,  he  endeavors  to  solve  each  difficult  pro- 
blem by  direct  experiment,  until  he  is  again  astounded  by  the  phe- 
nomenon of  a  prolific  hvl>nd,  and  still  more  by  an  example  of  a 
hybrid  perpetuating  itself  throughout  several  generations  in  the  vege- 
table world,  lie  then  feels  himself  reduced  to  the  dilemma  of  choosing 
between  two  alternatives;  either  to  reject  the  test,  or  to  declare  that 
the  two  species,  irom  the  union  of  which  the  fruitful  progeny  has 
sprung,  were  mere  varieties.  If  he  prefer  the  latter,  he  is  compelled 
to  question  the  really  of  the  distinctness  of  all  other  supposed  spe- 
des  which  differ  no  more  than  the  parenta  of  such  prolific  hybrids ;  for 
althoagh  he  may  not  be  enabled  innnediately  to  procure,  in  all  sneh 
instances,  a  fruitful  offspring;  yet  experiments  show,  that  after  repeated 
failures,  the  onion  of  two  recognized  species  may  at  last,  under  very 
favorable  circumstances,  give  birth  to  a  fertile  progeny.  Such  circum- 
stances, therefore,  the  naturalist  may  conceive  to  have  occurred  again 
and  again,  in  tlie  course  of  a  great  lapse  of 

His  first  opmious  are  now  fairly  unsettled,  aiid  every  stay  at  which  he 
has  caught  has  given  way  one  after  another ;  he  is  in  danger  of 
faliiog  into  any  new  and  visionary  doctrine  which  may  be  presented  to 
him ;  for  he  now  regards  every  part  of  the  animate  creation  as  void  of 
stability,  and  in  a  state  of  continual  finz.  '  In  this  mood  he  encounters 
the  Geologist,  who  relatee  to  him  how  there  have  been  endlesa  vids- 
sitndes  in  the  shape  and  structure  of  oigaaic  bdogi  In  former  ages 
. — how  the  approach  to  the  present  system  of  things  has  been  gradual 
—^hat  there  has  been  a  progressive  developm^t  of  organization  sul^ 
servient  to  the  purposes  of  life,  from  the  most  simple  to  the  most 
complex  state — that  the  appearance  of  man  is  the  last  phenomenon  in 
a  long  succession  of  events — r^n*],  finally,  that  a  series  of  physical  revo- 
lution'^ ran  bo  (raced  in  tlie  inorganic  world,  coeval  and  co-extensive 
With  those  of  organic  nature. 
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These  views  seem  immediately  to  confirm  all  his  preconceived  doubU 
an  to  the  stability  of  the  specific  character,  and  he  begins  to  think  there 
may  exist  an  inseparable  connection  between  a  series  of  changes  in 
the  inanimate  world,  and  tho  onpability  of  the  specie*  t'»  be  indefinitely 
moditied  by  the  iulUi-  iii  external  (•ircumstances.  iieTin^'forlh  his 
speculations  know  nu  Jvliiiite  bounds;  he  criv«*  the  rein  to  cunjecture, 
and  fancies  that  the  outward  form,  internal  ntruciure,  instinctive  facul- 
*$es,  nay,  that  reaBon  itaelf  may  have  beea  gradually  developed  from 
lome  c(  th«  dmplttt  atetos  of  «zist«iiee — ^that  all  aaimali^  tbai  ma& 
himseir,  and  the  inational  beings,  may  have  had  one  ooramon  origin ; 
diat  all  may  be  parte  of  one  oootiiiiioiia  and  progrearive  acheme  of 
dereloptnenty  fiom  tbe  most  imperfect  to  the  more  complex ;  in  iine^  be 
lenonnoee  hit  belief  in  the  hig^  genealogy  of  his  speeies,  and  looks  fof 
ward,  as  if  in  compensation,  to  the  future  perfsetibility  of  man  in  bia 
physical,  intellectual,  and  moral  attributes. 

Tjot  tis  now  proceed  to  consider  what  is  defective  in  evidence,  and 
wliat  faliacion''  in  reasoninir,  in  tlio  crrounds  of  thests  8traQ<re  conclu- 
sions.  Blumenbach  judiciously  ol>serves,  that  no  general  rule  can  he 
laid  down  for  determining  the  distinctness  ot  species,  as  there  is  do  parti- 
cular class  of  characters  which  can  ecrve  as  a  criterion.  In  each 
case  wo  must  be  guided  by  analogy  and  prohabilityi!^  The  multitude, 
in  fiwt,  and  complexity  of  the  proo&  to  be  wd|^ed  is  so  great,  that  we 
oan  only  hope  to  obtain  presumptive  evidence,  and  we  mnat,  therdbHc^ 
be  the  more  careful  to  derive  our  general  viewa  as  much  as  poen- 
ble  from  thoee  observations  where  the  diances  of  deoqiCton  are  least 
We  mnst  be  on  our  guard  not  to  tread  in  the  footsteps  of  the  aatnrat- 
isto  of  the  middle  ages,  who  believed  tlie  doctrine  of  !>pontaneous 
generation  to  be  applicable  to  all  those  parts  of  the  animal  and  vegetable 
kingdoms  which  they  least  understood,  in  direct  contradiction  to  the 
analogy  of  all  the  parts  best  known  to  tliem;  and  who,  when  at  K  ngth 
they  found  that  in^fpt>«  .m  l  ^^rvjitogamous  plants  were  also  propagated 
from  egg^  or  seeds,  .still  persisted  in  retaining  their  old  prejudice 
respecting  the  infiisory  animalcules  and  other  minute  beings,  the  gen^ 
ration  of  which  had  not  then  been  deinoustruted  by  the  microscope  to 
be  govtfned  by  the  same  laws. 

Lamarbk  has,  indeed,  attempted  to  raise  an  argument  in  fiivor  of  his 
system,  ont  of  Uie  very  confusion  which  has  arisen  in  the  stud^  of  acne 
cffders  of  animals  and  plants,  in  consequence  of  the  slight  shades  of 
diflercnce  which  separate  the  new  ^>ecies  discovered  within  the  last 
half  century.  That  (he  embarrassment  of  those  who  attempt  to  classify 
and  distinguish  the  new  acquisitions,  ponred  in  such  multitodea  into 
our  museums,  should  increase  with  the  augmentation  of  their  number* 
u  (juite  natural ;  since  to  obvint'->  thi-^,  it  is  not  enough  that  our  powers 
of  discrimination  should  keep  j  a  n  ith  the  increase  of  the  objects,  but 
we  ought  to  |M  is>>cas  greater  oppr  i  tuiiihes  of  studying  each  animal  and 
plant  in  all  stages  of  its  growth,  and  to  know  profoundly  their  Iiistorv, 
their  habits,  and  physiological  characters,  throughout  several  genoraiions; 
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for,  IB  proportion  as  ih»  mm  of  Imowii  wiiiialt  grom  mofci  compkto 
none  can  doubt  there  is  a  ntaier  approximation  to  a  graduated  seale 
of  being;  and  tbns  the  most  closely  allied  species  vriU  bo  fimnd  to 
powcw  a  greater  number  of  characters  in  common. 

Causes  of  the  difficulty  of  diwriminating  species. — ^But,  in  point  of 
fact,  our  new  ac^juisitions  consist,  more  and  more  iis  wo  advance,  of 
specimens  brought  from  forcij^n  and  often  Tcry  distant  ;uul  }>rirliurous 
countries.  A  large  proportion  have  never  even  been  seen  alive  by 
scientific  inquirers.  Instead  of  liaving  si>ecimens  of  th«  youn^,  the 
adult,  and  the  aged  individuals  of  each  sex,  and  po&ses&iog  means  of 
iovestigatiug  the  anatomical  stmeture,  the  peculiar  habits,  and  in^iiiols 
of  eacb,  what  is  nsnally  the  state  of  our  information  t  A  single  specie 
men,  ^  ci  haps,  of  a  dried  plant,  or  a  stuffed  bird  or  quadruped ;  a  shell, 
withont  the  soft  parts  of  the  animal ;  an  insect  in  one  stage  of  its  nmne> 
rons  transformations these  are  the  scanty  and  imperfect  data  which 
die  naturah'st  possesses.  Such  information  may  enable  tis  to  separate, 
^pedes  which  stand  at  a  considerable  distance  from  each  other ;  but  we 
have  no  right  to  expect  any  thing  but  diflBculty  and  ambiguity,  if  we 
attempt,  from  siu-h  imperfect  opportunities,  to  obtain  distirictive  marks, 
for  detiuificr  th*  rli;u  ;i  •tfTs  f^sf  K|>ocies  which  are  closely  related. 

Tf  LaniHick  cuuld  introduce  so  much  certainty  and  precision  into  the 
classification  of  several  thousand  species  of  recent  and  fo^il  shells,  not- 
withstanding the  extreme  remoteness  of  the  organization  of  these  ani- 
mals from  the  type  of  those  vertebrated  species  which  are  best  known, 
and  in  the  absence  of  so  many  of  the  living  inhabitants  of  shells,  we  ate 
led  to  form  an  exalted  conception  of  the  degree  of  eiactness  to  which 
spediic  distincUons  are  capaUe  of  being  carried,  rather  than  to  cali  in 
question  their  reali^. 

When  our  data  are  so  defective,  the  most  actite  naturalist  must  ex- 
pect to  be  sometimes  at  fault,  and,  like  the  novice,  to  overiook  essential 
points  of  difference,  passing  unconsciously  from  one  species  to  another, 
until,  like  one  who  is  home  aloncT  in  a  current,  hf  i-^  n'^tonished  on 
•ookinij  back,  at  observing  that  he  has  reached  a  poiut  so  remote  from 
that  whence  he  set  out. 

It  is  by  no  means  improbable,  that,  when  the  scries  of  species  of 
certain  genera  is  very  full,  they  may  be  found  to  differ  less  widely  fironc 
each  other  than  do  the  mere  varieties  or  laoes  of  certam  species.  If 
such  a  fact  could  be  established,  it  would,  vndonbtedly,  diminish  the 
chance  of  our  obtaining  certainty  in  our  results;  but  it  would  by  no 
means  overthrow  our  confidence  in  the  realitj  of  specieB. 

Some  mer$  varieties  possiMy  more  di»Hnei  than  errtem  individuah 
of  distinct  species. — ^It  is  almost  necessary,  indeed,  to  siq>pose  that  vari> 
eties  will  diti'er  in  some  cases  more  decidedly  than  some  species,  if  we 
admit  that  there  is  a  graduated  scale  of  being-,  and  assume  that  the  fol- 
lowing laws  prevail  in  the  economy  of  the  animate  creation  : — first, 
that  the  orcranization  of  individuals  is  capable  of  being  moditiod  to  a 
limited  extent,  by  the  force  of  external  causes;  aecondlv,  thai  the^e 
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modifications  are,  to  a  certain  extent,  tran'«mi9sible  to  tbeir  ofFspritTj; 
thirdly,  that  there  are  fixed  limits,  beyond  which  th«  d^ceudanlfi  irom 
comuiou  parents  can  never  deviate  from  a  Cftain  type;  fourthlv,  thai 
each  species  springs  from  one  original  stock,  and  can  never  be  pcrma- 
.  nently  oonfoanided  by  intemiiiiiig  whli  the  progeny  of  any  other  stock; 
fifthly,  that  each  speeies  ehall  endure  for  a  ooiisiderabla  p«riod  of  time. 
Now,  let  UB  assume,  for  Ibe  present,  theae  roles  hypothetically,  and  Me 
what  oonseqnenoes  may  nataraUy  be  ezpeefced  to  result  from  them. 

We  must  suppose  that  when  the  Author  of  Nature  creates  an  animsl 
or  plant,  all  the  possible  circumstances  in  which  its  descendants  an 
destined  to  live  are  foreseen,  and  that  an  organization  is  conferred  upon 
it  which  vy  ill  enable  the  species  to  perpetuate  itself  and  survive  under  all 
the  varying  circumstances  to  which  it  must  be  inevitably  exposed. 
Now,  the  range  of  variation  of  circumstances  will  ditler  essentially  in 
almost  every  case.  Let  us  take,  for  example,  any  one  of  thu  most  in- 
fluential conditions  of  existence,  such  a<?  temperature.  In  some  extensive 
districts  near  the  equator,  the  thermometer  might  never  vary,  through- 
out several  thousand  centuries,  for  more  than  20^  Fahrenheit ;  so  that 
if  a  plant  cur  ammal  be  provided  with  an  oiganisation  fitUog  it  to  endure 
such  a  range,  it  may  continue  on  the  globe  for  that  tmmenM  penod» 
although  eTety  individoal  might  be  liable  at  once  to  be  cut  off  by  the 
least  possible  excess  of  heat  or  cold  beyond  the  detenninate  degree.  But 
if  a  species  be  placed  in  one  of  the  temperate  zones,  and  have  a  eouUr 
tution  conferred  on  it  capable  of  supporting  a  similar  range  of  tempenr 
ture  only,  it  will  inevitably  perish  before  a  single  year  has  passed  away. 

Humboldt  has  yhown  that,  at  Curaana,  witliin  tlie  tropics,  there  is  a 
difterence  of  only  4°  Fahr.  between  the  temperature  of  the  warmest  and 
coldest  monihs ;  whereas,  in  the  temperate  zones,  the  annual  variation 
amounts  to  about  00°,  and  the  extreme  range  of  the  thermometer  in 
Canada  is  not  less  than  90°. 

The  same  remark  might  be  applied  to  any  other  condition,  as  food, 
toT  example ;  it  may  be  foreseen  that  the  supply  will  be  regular  through- 
ont  ind^ite  periods  in  one  part  of  the  world,  and  in  another  very  pre- 
carious and  fluctuating  both  in  kmd  and  qnaatity.  Different  qualificsr 
tions  may  be  required  for  enabling  species  to  live  for  a  considaid»le  time 
under  circumstances  so  changeable.  If,  then,  tanperature  and  food  be 
among  those  external  causes  which,  according  to  certain  laws  of  animal 
and  vegetable  physiology,  modify  the  ot^nization,  form,  or  faculties,  of 
individuals,  we  instantly  perceive  that  the  decrees  of  variability  from  a 
common  standard  must  ditler  widely  in  the  two  cn<^<  s  alvivr-  supposed ; 
since  there  is  a  necessity  of  accommodating^  a  species  m  one  case  to  a 
much  greater  latitude  of  circumstances  than  in  the  other. 

If  it  be  a  law,  for  instance,  that  scanty  sustenance  should  cheek  those 
individuals  in  their  growth  which  are  enabled  to  accommodate  Uiein- 
selves  to  privations  of  this  kind,  and  that  a  parent,  prevented  in  this 
manner  from  attaining  the  size  proper  to  Its  species,  should  produce  a 
dwarfish  ofispring,  a  stunted  rice  will  arise,  as  is  remarkably  nemplified 
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in  some  varieti^  of  the  horse  and  dog.  The  difference  of  stature  ic 
some  races  of  dog^,  when  compared  to  others,  is  as  one  to  five  in  linear 
diinensiona,  inakiug  a  difference  of  a  hundred-fold  in  volume.*  Now, 
there  is  a  good  reason  to  believe  that  species  in  general  are  hj  no  me&ui: 
aoaeepCiblA  of  eiiating  under  a  diversity  of  circumstances,  which  may 
give  rise  to  such  n  disparity  in  siie^  and,  consequently,  there  will  be  a 
multitiide  of  distinct  qwcies,  of  srhich  no  two  adolt  individoals  can  ever 
depart  so  widely  from  a  certain  standard  of  dimensions  as  the  mere  vari- 
eties of  certain  oUier  species — the  dog,  for  instan  .  Now,  we  have 
only  to  suppose  that  what  is  true  of  size,  may  also  hold  in  regard  to 
color  and  many  other  attributes;  and  it  will  at  once  fcjlow,  that  the 
degree  of  po'S'iible  discordance  between  varieties  of  the  same  species 
may,  in  cert  uii  <  ases,  exceed  the  utmost  disparity  which  can  arise  be- 
tween two  ill  iividuals  of  many  distinct  species. 

The  siiuic  remarks  may  hold  true  in  regard  to  instincts  ;  for,  if  it 
he  foreseen  that  one  species  will  have  to  eucouuter  a  great  variety 
of  fi»eS|  it  nay  be  necessary  to  aim  it  with  great  cunning  and 
eivcnmspeciiony  or  with  courage  or  other  (qualities  capable  of  developing 
themselvea  on  certain  occasions ;  such,  for  eiample,  as  those  migratory 
instincte  which  are  so  remarkably  exhibited  at  particular  periods,  after 
they  have  remained  dormant  for  many  generations.  The  history  and 
haUta  ci  one  variety  d  such  a  species  may  oflen  differ  more  considerably 
from  some  other  than  those  of  many  distinct  species  which  have  no 
such  latitude  of  accommodation  to  circumstances. 

Extent  of  known  r^triahilitt/  in  species. — Lamarck  has  somewhat 
mis-stated  the  idea  commonly  entertained  of  a  species ;  for  it  is  not 
true  tliat  naturalists  in  general  assume  that  the  organisation  of  au 
animal  or  plant  remains  absolutely  constant,  and  that  it  can  never 
vary  in  any  of  its  parts.f  All  must  bo  aware  that  circumstances 
influence  the  habits,  and  that  the  habits  may  alter  the  state  of  the 
parts  and  organs ;  but  the  difference  of  opinion  relates  to  the  extent 
to  which  these  modifications  of  the  habits  and  organs  of  a  particular 
ipecies  may  bo  carried. 

Now,  let  us  first  inquire  what  positive  facts  can  be  adduced  in  the 
history  of  known  species,  to  estabUdi  a  great  and  permanent  amount 
of  change  in  the  form,  structure,  or  instinct  of  individuals  descending 
from  some  common  stock.  The  best  authenticated  examples  of  the 
extent  to  whi(;h  sj>ccies  can  be  made  to  vary  niay  be  looked  for  in 
the  history  ot  doniesiicated  animals  and  cultivated  plants.  It  usually 
happens,  that  those  species,  both  of  the  animal  and  vegetable  kingdom, 
which  have  the  greatest  pliability  of  organisation,  those  which 
are  most  capable  of  accommodating  themselves  to  a  great  variety  of 
Mw  dronmstances,  are  meet  serviceable  to  man.  These  only  can 
be  carried  by  him  into  diffisnmt  climates,  and  can  have  their  properties 
or  instinGls  variously  diversified  by  difilsrenoes  of  nourishment 

•  Guriar.  DiflCoanFr^Uiiiiiu  pw  128.  f  FbiL  ZooL  torn,  i  p.  m 
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and  kalntB.    If  the  resources  of  a  species  be  so  limited,  and  its  hAbitt 

and  facultif"^  be  of  such  a  "confined  and  local  character,  that  it  can 
only  nourish  m  a  few  particular  spots,  it  can  rarel/  ha  of  guest 

utility. 

We  raay  consider,  therefore,  that  in  the  domestication  of  nnimftU 
and  the  cultivation  of  plants,  mankind  imvo  nr&i  selected  those 
which  have  the  most  flexible  frames  aad  oonstitutioa^  and  have  thu 
been  engaged  fer  agoa  in  oondneliiig  a  seriea  oC  «xperiaMnl%  with 
mneh  patienoe  and  at  great  cost,  to  aaoerlain  what  may  be  tke  gieM 
poBsible  denatioQ  from  a  oommon  type  whioh  ean  be  elicited  in  thew 
extreme  esses* 

Varieties  of  the  dog-^m  trammuitUuM^'-^rhe  modifioatioot  pro- 
duced in  the  different  races  of  dogs  exhibit  tbe  infiuonce  of  mao 
in  the  most  strildog  point  of  view.  Th^  uiimals  bare  been 
transported  into  every  cliinato  and  placed  in  every  variety  of  circum- 
stances ;  they  have  been  niadf,  as  a  modern  naturalist  oUorves,  the 
servant,  the  companion,  the  [guardian,  and  the  intlinato  friend  of 
man,  and  tlie  power  of  a  superior  genius  has  had  a  wondertuJ  influ- 
ence not  oiilv  on  their  forms,  but  on  their  manners  and  inlelligtuce.* 
Ditlereut  races  have  undergone  remarkable  changes  in  the  quantity 
and  oolor  of  their  dothiog ;  the  dogs  of  Gueea  am  elmoet  nalced,  wfaile 
tbose  of  the  arotio  circle  are  covered  with  a  warm  coat  both  of  bur  and 
wool,  which  enablea  them  to  bear  the  most  intenae  cold  nithool 
inconvenience.^  There  are  diffitrences  alao  of  anoiher  kind  no  Vm 
remarkal)!o,  as  in  size,  the  length  of  their  monies,  and  the  conventy  of 
their  forelieadf^. 

But,  if  wo  look  for  some  of  those  essential  changes  which  woaU 
be  required  to  lend  even  the  semblance  of  a  foundation  for  the  theory 
of  Lamarck,  respectinrr  the  cjrowth  of  new  organs  and  the  t:nidu.il 
obliteration  of  others,  we  find  nothing  of  the  kind.  For,  in  nil 
varieties  of  the  dog,  says  Cuvier,  the  relation  of  the  bones  with  cncb 
other  remains  essentially  the  &ame ;  the  form  of  the  tettli  never 
changes  in  ariy  ]>erceptible  degree,  except  that,  lu  souic  individuals, 
one  additional  false  grinder  occasionally  appears,  sometimes  on  the  o&e 
side,  and  sometimes  on  the  other.f  The  greatest  departore  fiom  s 
oommon  type— and  it  constitutes  the  maximum  of  Tariation  a»  yet 
known  in  the  animal  kingdom— u  exemplified  in  those  neei  cf 
dogs  which  have  a  snpemnmeraiy  toe  on  the  hind  foot  with  the  corrah 
ponding  tarsal  bones ;  a  variety  analogous  to  one  presented  bysix-ftigeNd 
families  of  the  human  racej 

Lamarck  has  thrown  out  as  a  conjecture,  that  the  wolf  may 
have  been  the  original  of  the  dog ;  and  eminent  naturalists  are  stiU 
divided  in  opinion  on  this  subject.  It  seems  now  admitted  that  l^oth 
species  agree  in  the  period  of  gestation,  and  Mr.  Owen  has  been  unable 

*  Dureau  do  la  Malle,  An.  dea  Sci  J^at.  torn,  xxl  n.  63,  Sept.  1830. 
t  Due.  FMlpw  189.  sixth  edition.  tlbid 


Digitized  by  Google 


CiLXXXiV.j  VARIABILITY  IN  SPBCIBS.  585 

to  oonfirm  the  illeged  diflforanoe  in  the  itraetare  of  a  patt'of  the  inlee- 

tinal  canaL*  Mr.  Bell  indmeB  to  the  opbion  that  all  tbo  various  raoet 
of  dogs  have  descended  from  one  common  stoclc.  €£  which  the  volf  Is 
the  original  source. 

It  is  well  known  that  the  horse,  the  ox,  the  bonr,  nnd  other  domestic 
animals  which  have  been  introduced  into  South  America,  and  havf>  rnn 
wild  in  many  parts,  have  entirely  lost  all  mnrlc^  of  domosticity,  an  d  liavg 
reverted  to  the  original  characters  ot  tiieir  5j)ecies.  But  dogs  liavo  also 
beconne  wild  in  Cuba,  Ilayti,  and  in  all  the  Caribbean  islands.  In  the 
course  o(  the  seventeenth  century,  they  hunted  in  packs  from  twelve  to 
fifty,  or  more,  in  number,  and  fearlessly  attacked  herds  of  wild  boars 
ind  other  aatmals.  It  is  nstnral,  therefore,  to  inquire  to  what  foon 
they  reverted  t  Now,  they  are  said  by  many  travellen  to  have  reeem- 
hied  rerf  neariy  the  she^rdV  dog;  hnt  it  is  ceitahi  that  thej  were 
never  turned  into  wolvea.  Thef  were  extremely  savage,  and  th^r 
mvagee  appear  to  have  been  as  much  dreaded  as  tiiose  of  wolves ;  but 
when  any  of  their  whelpe  were  caught,  and  brought  from  the  woods  to 
the  towns,  they  grew  np  in  the  most  perfect  submission  to  man. 

Many  examples  might  be  adduced  to  ]irove  tliat  the  extent  to ^hich 
the  alteration  of  species  can  be  pushed  in  the  domestic  state  depends 
on  the  originnl  or^pacity  of  the  species  to  admit  of  variation.  The  horse 
has  been  as  long  domesticated  as  the  dog,  yet  its  diti'ercnt  races  depart 
much  less  widely  from  a  common  type  ;  the  ass  has  been  still  less 
changed,  the  camel  scarcely  at  all ;  yet  these  species  have  probably 
been  subjected  to  the  influence  of  domestication  as  long  as  the  horset 

Mummies  oftmimals  m  Sgyptian  UmU  idinMl  vUh  ipeeie$  sUil 
limnff, — Am  the  advocates  of  the  theory  of  transmutation  trust  much  to 
the  slow  and  insensible  changes  which  time  may  work,  they  are  accus- 
tomed to  lament  the  absence  of  accurate  descriptions,  and  figures  of 
particular  animals  nnd  plants,  handed  down  from  the  earlittt  periods  of 
history,  such  as  might  have  afforded  data  for  comparing  the  condition 
of  species,  at  two  periods  considerably  remote.  But,  fortunately,  w(' 
are  in  some  measure  indcp^'Ti'l'Mit  of  such  evi«lcnce  :  for,  by  a  sinoiilar 
accident,  the  pri<'«t«  of  |'!  liavo  l:>o(pi('athcd  to  us,  in  their  cemeteries, 
that  infoimation  which  the  museums  and  works  of  the  Greek  philoso-  , 
phers  have  failed  to  transmit. 

For  the  carofid  investigation  of  these  documents,  wo  are  greatly 
indebted  to  the  skill  and  diligence  of  those  naturalists  who  accom- 
panied the  French  armies  during  their  brief  occupation  of  Egypt:  that 
conquest  of  four  years,  from  which  we  may  date  the  improvement  of  the 
modem  Ejgyptiansin  the  arts  and  sciences^  and  the  rapid  progress  which 
has  been  made  of  late  in  our  knowledge  <^  the  arts  and  sciences  of  their 
remote  predecessors.  Instead  of  wasting  their  whole  time,  as  so  many 
praoeding  travellers  had  done,  in  exclusively  collecting  human  mmih 

*  Guldenstadt,  cited  bv  Pritchard,  Phvs.  Hist  of  Mankind,  VoL  i 
f  History  of  British  (Quadruped*,  p.  m 
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WMBf  IL  Gedfiroy  and  Mtooiales  «KWiiitied  diligently,  and  aentkme 
great  numbers  of  embalmed  Iwdies  of  conseottod  miindii,  tticfa  Mtbe 
bull,  the  dog,  ih»  •cat*  the  ape^  the  iehneumoD,  the  cNOodilCb  and 

the  ibis. 

To  those  y>-ho  havi^  nercr  been  accustomed  to  connect  the  facta  of 
Natural  TTi'^torv  \vi'li  jiliilos^ophical  speculations,  who  have  neyer  raised 
th(  ;r  rwnrr|iti  11^  of  tho  end  and  import  of  such  studio  beyond  the  mere 
admiration  of  isolated  and  beautiful  oltjectR,  or  the  exertion  of  skill  it 
detecting  specific  diflbrcnccs,  it  will  &ccia  incredible  that  amid&ttbedix. 
of  arms,  and  the  stirring  excitement  of  political  moyem^ts,  bo  modi 
enthntiasm  could  have  been  felt  in  Tegard  to  these  preeions  mniiBii 

.In  the  official  report  drawn  up  by  the  Pro&siOfS  of  the  Mumdui  aft 
Fuia,  on  the  Taloe  of  theae  oljeeta,  there  are  some  eloquent  paasi^ 
wbhdi  may  appear  wrtravagant,  unless  we  reflect  how  fiilly  these  natU' 
ralists  oould  appreoiate  the  bearing  of  the  fiicts  thus  brought  to  light  on 
the  past  history  of  the  globe. 

"  It  seems,"  say  they,  "  as  if  the  superstition  of  the  ancient  Kt>  ptian* 
had  been  inspired  by  Nature,  with  a  view  of  transmitting  to  after  ages 
a  mouument  of  her  history.  That  extraordinary  ati  l  occentne  P^p'^ 
by  embahniiii;  witli  so  nim  h  care  llio  brutes  which  wero  the  objects  of 
their  stupid  adoration,  have  left  us  in  their  secret  grottoes,  cabinet^  of 
zoology  almost  complete.  The  climate  has  conspired  with  the  art  of 
«  emhfdming  to  preserve  the  bodlea  fiom  oorruption,  and  we  can  now  at- 
sure  onraelm  by  our  own  eyes  what  was  the  state  of  a  great  nnmbar  of 
species  three  thousand  years  ago.  We  can  searoely  restrain  the  tnai- 
ports  of  our  imaginattoni  on  beholding  thus  pfeserred,  with  their 
minutest  bones,  witli  the  smallest  portions  of  their  skin,  andiueverr 
particular  most  perfectly  recognizable,  many  an  animal,  which  at  Tbe* 
bes  or  Memphis,  two  or  three  thousand  years  ago^  had  ite  own  ptieiti 
and  altars."* 

Among  the  Egyptian  mummies  thus  procured  were  not  only  those  of 
numerous  wild  quadrupeds,  birds,  and  reptiles ;  but  what  was  perhaps 
of  still  higher  importance  in  deciding  the  great  question  under  discus- 
sion, there  were  the  mummies  of  domestic  animals,  among  which  those 
above  mentioned,  the  bull,  the  dog,  and  the  cat,  were  frequent.  Now, 
sudi  was  tbe  oonlimity  of  the  whole  of  these  species  to  tfaosa  now 
living,  that  tliere  was  no  more  di^rence,  says  CuTier,  between  thos 
than  between  the  huoian  mummies  and  the  embalmed  bodies  of 
men  of  the  present  day»  Yet  some  of  these  animals  have  aince  that 
period  bee^  transported  by  man  to  almost  every  climate,  and  forced  ts 
accommodate  their  habits  to  the  greatest  variety  oiroumstances.  The 
cat,  for  example,  has  been  carried  over  the  whole  earth,  and  within  the 
last  three  centuries,  has  been  naturalized  in  every  part  of  the  new  world, 
— from  the  cold  regions  of  Canada  to  tho  tropical  plains  of  Guiaoa; 

*  Ann.  du  Museum  d'Hi«t  Nat.  torn.  I  pb       1802.  Tho  reporters  were  UH  ^ 
Cnrier,  Lac^p^de^  aod  Lamarck. 
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y«i  it  has  aotroely  undeigone  any  peroepiible  muUtion,  and  is  stiU  tlie 
lame  animal  which  was  held  sacred  by  the  Egyptians. 

Of  the  ox,  undoubtedly,  there  are  many  rery  distinct  races ;  but  the 
bull  Apis,  which  was  led  in  solemn  processioned  by  the  E^ptian  priests, 
did  not  differ  from  some  of  those  now^iiTing.  The  black  cattle  that 
have  run  wild  in  America,  where  tliere  were  many  peculiarities  in  the  cli- 
mate not  to  be  found,  perhaps,  in  any  part  of  the  oM  worlrl,  an  l  where 
soarcely  a  single  plant  on  which  they  f«»(l  was  of  precisely  the  same 
specie*,  instead  of  aUerlug  their  form  and  habits,  have  actually  reverted 
to  the  exact  likeness  of  the  aboriginal  wild  cattle  of  Europe. 

In  answer  to  the  arguments  drawn  from  the  Egyptiau  jDummies, 
Lamarck  said  they  were  identical  with  their  living  desceiidants  in  the 
same  country,  because  the  climate  and  physical  geography  of  the  banhs 
oC  the  Nile  have  remained  unaltered  for  the  last  thirty  centuries.  But 
why,  it  may  be  asked,  have  other  individuals  of  these  species  retained 
the  same  eharactns  in  many  different  quarters  of  the  globe,  where  the 
climate  and  many  other  conditions  are  so  varied  I 

Seedf  and  plants  from  the  Effifptian  tombs. — ^Xhe  evidence  derived 
from  the  Egyptian  monuments  was  not  confined  to  the  animal  kingdom; 
the  fruits,  seeds,  and  other  portions  of  twenty  different  plants,  were 
faithfully  preserved  in  the  same  manner;  and  among  these  the  com- 
mon wheat  was  procurcil  by  Delille,  from  closed  vcs&iils  in  the  sepul- 
chres of  the  king*,  the  grain  of  which  retained  not  only  their  form 
but  even  their  color  ;  so  effectual  has  proved  the  proce^is  of  embalming 
with  Intumen  in  a  dry  and  equable  climate.  No  Terence  could  be 
detected  between  this  wheat  and  that  which  now  grows  in  the  Ea^t 
and  elsewhere ;  and  in  regard  to  the  barley,  I  am  informed  by  Mr. 
Brown,  the  celebrated  botanist,  that  its  identity  with  the  grain  of  our 
own  times  can  be  tested  by  the  closest  comparison.  On  examining,  for 
example,  one  of  the  seeds  from  Mr.  Sam's  Egyptian  collection  in  the 
British  Museum,  it  is  found  that "  the  structure  of  the  husks  or  that 
part  of  the  flower  wliich  is  persistent,  agrees  precisely  with  the  barley  of 
the  present  day,  In  having  one  perfect  flower  and  the  filiform  rudiments 
of  a  second."  Some  naturalists  believe  that  the  perfect  identification 
of  the  ancient  Egj'ptiau  cerealia  with  the  varieties  now  cultivated  has 
K'en  carried  still  further,  by  sowing  the  seeds  taken  out  of  the  cata- 
combs, and  raising  plants  from  them  ;  but  we  want  more  evidence  <^ 
this  fact.  Certain  it  is,  that  when  the  experiment  was  recently  made 
ia  the  botanic  garden  at  Kew,  with  100  seeds  of  wheat,  barley,  and 
lentibs  irom  the  Egyptian  collection  befoiv  mentioned  of  the  British 
Momum,  not  one  of  them  would  germinate.* 

*  I  by  BO  means  wish  to  express  an  opinion  that  Meds  cannot  retayi  their 
vitality  after  an  entombment  of  8,000  years ;  bat  one  of  my  botanical  friende 

who  entertfiined  a  philosophical  doubt  on  tliis  snbjec't,  hoini;  desirous  of  asccr- 
t«iiUDg  the  truth  of  three  or  four  alleged  instances  of  the  germinatioa  of 
■'nramtny  wheat,**  discovered,  on  eommnnteating  with  ieT«m1  Egyptian  ^Tel> 
Vra,  tlial  they  had  procured  the  grains  in  questloo,  not  directly  fnun  tlio  oata 

aomU.  but  from  the  Anba,  who  are  always  ready  to  supply  strangers  with  an 
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yaUve  eonnify  cf  Urn  commum  wkmi, — ^And  here  I  may  obeeife  that 
there  ia  an  obvious  answer  to  lamaiek^  objectio]i»  tliat  the  botanist  can* 
Dot  point  out  a  couatij  where  the  common  wheat  grows  wild,  unleai  in 
places  where  it  may  have  been  derived  frcon  neighboring  cultivation  * 
All  naturalists  are  well  aware  that  the  geogmphical  distribution  of  a 
great  number  of  species  is  extremely  limited! ;  tlint  it  wa^  to  be  ex- 
pected that  every  useful  plant  should  first  be  cultivated  successfuily  ic 
the  country  where  it  was  indigenous;  and  that,  probably,  every  station 
whirh  it  partially  occu]tied,  when  growirior  wiM,  would  l>e  selected  by 
the  agriculturist  as  best  suited  to  it  when  ai  uucially  iucrea&ed.  Pales- 
tine has  been  conjectured,  by  a  late  writer  on  the  cereal ia,  to  have  beta 
the  original  habitation  of  wheat  and  barley;  a  suppoaitioa  which  ii 
rendered  the  more  plausible  by  Hebrew  and  Egyptian  traditions^  and 
by  tracing  the  migrations  of  the  worship  of  Cerce,  as  tndicatife  ef  ths 
migcaUons  of  the  plantf 

If  wc  are  to  infer  that  some  one  of  the  wild  grssses  has  been  tnos- 
formed  into  the  common  "wheati  and  that  some  animal  of  the  genu* 
Caniif  still  unreclaimed,  has  been  metamorphosed  into  the  dog,  merely 
because  wo  cannot  find  the  domestic  do^if,  or  the  cultivated  wlient,  in  a 
Btiitc  of  nature,  we  may  be  next  called  upon  to  make  sitnihr  adinisaiiom 
in  regard  to  the  camel ;  for  it  Reims  very  doubtful  whether  any  race  ot 
this  species  of  quadrujxid  is  now  wild. 

Clianyes  in  plants  produced  6y  cnltlimiion. — liut  if  ac^icuUure,  it 
will  be  said,  does  not  supply  examples  of  extraordinary  changes  ot 
form  and  organization*  the  hortienlturist  can,  at  least,  appesl  to  &els 
which  may  confound  the  preceding  train  of  reasoning.  The  crsb  hm 
been  transformed  into  the  apple;  the  sloe  into  the  plum;  floweis 
have  changed  their  color,  and  become  double ;  and  these  new  ehsrso* 
ters  can  be  perpetuated  by  seed ;  a  bitter  plant,  with  wavy  sea-green 
leaves,  has  been  taken  from  the  sea-side,  where  it  grew  like  wild  chat' 
lock;  has  been  tran<:planted  into  the  garden,  lost  its  saltneas,  and  has 
been  metamorphosed  into  two  distinct  vegetables,  as  unlike  each  other  • 
a«<  is  each  to  the  parent  plant — the  red  cal»l>a::;t?  and  the  canliflower. 
These,  and  a  multitude  of  anal  '^'-'ms  facts,  are  undoul>teiily  ainoiiu'  ilie 
wonders  of  nature,  and  attest  more  fsfroni^lv,  ]>erhap«,  tlie  extent  to 
which  sf)ecies  may  I'C  molified,  than  aiiv  exann)les  derived  iVom  the 
animal  kingdom.  But  iu  theao  cases  we  fmd  that  we  soon  reach  certain 
limits,  beyond  which  we  are  unable  to  cause  the  individuals  descend- 
ing from  the  same  stock  to  vary;  while,  on  the  other  hand,  it  is  easy 
to  show  that  these  extraordinary  varieties  could  seldom  arise,  and  could 
never  be  perpetuated  in  a  wild  state  for  many  genecations,  under  sny 
imaginable  combination  of  accidents.  They  may  be  legaidad  as  ei- 

«itiel«  nowreiy  frequently  in  demand.  The  presence  of  an  ooeatiaiMl  f^vm  €l 
Indian  corn  or  maize  in  eevcral  of  the  parcels  of  grain  ihowa  te  mjnisnidss 
flomiag  from  ibo  catacomba  confimcd  hia  Meptioiain. 
•  mi  ZooL,  too.  i  p.  227. 

f  L*Offigine  et  la  Bstrie  d«s  CMale^  Ac:,  Annatat  des  Scieneas  Naisr.,  %m, 
bu  p.  41. 
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Ireme  cases,  brought  about  by  human  intorf^Tonee,  rui  I  not  m  phono- 
nic-na  which  indicate  a  capability  of  iadcUiute  modiUcatioa  in  tho 
natural  world. 

The  propHgation  of  a  plant  by  buds  or  gratVs,  and  bv  cuttings,  is 
obviou2»ly  a  mode  which  nature  does  uol  employ  ;  aud  this  uiultiplica- 
tioB,  M  well  as  that  produced  by  roots  and  layers,  seems  merely  to 
opeiato  aa  as  extonsion  of  the  life  of  aa  indifidiial,  and  not  aa  a  ropro- 
dootioii  of  the  apecies  such  aa  happens  by  seed*  All  phmts  inereased 
by  grafts  or  layeia  letain  predaely  the  peculiar  qualities  of  the  indi?i- 
dual  to  which  they  owe  their  origin,  and,  like  an  indindnal,  they  have 
only  a  determinate  existence ;  in  some  cases  longer,  and  in  others 
shorter.*  It  seems  now  admitted  by  horticulturists,  that  none  ci  onr 
garden  varieti^  of  fruit  are  entitled  to  be  considered  strictly  permanent, 
but  that  they  wear  out  after  a  time  ;f  and  we  are  thus  compelled  to  resort 
again  to  seeds ;  in  which  case  there  is  so  decided  a  tendency  in  the 
seedlint^s  to  revert  to  the  original  type,  liiat  our  utmost  akill  is  some- 
.    times  baliled  in  attempting  to  recover  the  desired  variety. 

Varieties  of  the  cabbage. — The  different  races  of  cabbages  afford,  as 
was  admitted,  an  astonishing  example  of  deviation  from  a  common 
type ;  but  we  can  scarcely  conceive  them  to  have  originated,  much 
kia  to  have  lasted  for  several  generaUons^  without  the  iaterventiott  of 
man*  It  is  only  by  strong  manarea  that  these  varieties  have  been  ob- 
tained, and  in  poorer  soils  they  instantly  degenerate.  If,  therefore,  we 
suppose  in  a  state  of  nature  the  seed  of  the  wild  Brottka  oleracea  to 
have  been  wafted  from  the  sea-side  to  some  spot  enriched  by  the  dung 
of  animals,  and  to  have  there  become  a  cauliflower,  it  would  soon  diffuse 
its  seed  to  wme  comparatively  sterile  soils  around,  and  the  offi»pring 
would  relapse  to  the  likeness  of  the  parent  slock. 

But  if  we  go  so  far  as  to  imagine  the  soil,  in  the  spot  first  occupied, 
to  be  constantly  manured  by  lierds  of  wild  animal?,  so  a'^  to  cmtinue 
as  rich  as  that  of  a  garden,  still  th*^  vnrit'tv  could  not  be  uuiiiitainr'd  ; 
because  we  know  that  each  of  these  races  is  proi^-'  1  >  fecundate  oiliers, 
and  gardeners  are  compelled  to  exert  the  utmost  diligence  to  prevent 
cross-breeds.  Tho  intermixture  of  tho  pollen  of  varieties  growing  in 
the  poorer  soil  around  would  goon  destroy  the  peculiar  characters  of 
the  race  which  occupied  the  highly  maniued  tract ;  for,  if  these  aoei- 
denia  so  continually  happen,  in  spite  of  our  care,  among  the  culinary 
varieties,  it  is  easy  to  see  how  soon  this  oause  might  obliterate  every 
marked  singularity  in  a  wild  state. 

Besides,  it  is  well  known  that,  although  the  pampered  races  which 
we  rear  in  onr  gard^  for  use  or  ornament  may  often  be  perpetuated 
by  seed,  yet  they  rarely  produce  seed  in  such  abundanoe,  or  so  prolific 
in  quality,  as  wild  individuals;  so  that  if  the  care  of  man  were  with- 
drawn, the  most  fertile  variety  would  always,  in  the  end,  prevail  over 
tho  more  sterile. 

•  Smith'-i  IntPt  ^Totion  to  Bf  t  mv,  p.  1S8,  edit.  1S07. 

f  tieo  Mr.  Koi^ht'tt  ObBervaiioois  ^<>rt.  Trans.,  vol  ii.  p.  160. 
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Similar  renunfei  may  be  applied  to  the  doubk  flowei%  which  preaent 
Buch  strange  anomalies  to  the  botanist.  The  ovarium,  in  such  cam  is 
frequently  abortive;  and  the  seeds,  when  proliiio,  are  generally  much 
fewer  than  where  the  flowers  arc  ningle. 

Changes  camfd  by  mil. — Sorno  curious  etperiments,  recently  m^je 
ou  the  production  of  blue  instead  of  red  flowers  ia  the  Uydrougta 
horieiuUf  illustrate  tlie  immediate  effect  of  certain  soils  on  the  colon 
of  the  oalyi  and  petab.  In  garden-nioiild  or  compost,  the  flowen  m 
invariably  ted ;  in  aome  kinds  of  bog-earth  they  are  bine ;  and  the  sum 
ehange  i»  alwaya  produced  by  a  particular  aort  of  yellow  loam. 

VarUhet  <^  tht  primmte. — ^Linnttua  waa  of  opinion  thai  the  prifli- 
roae,  oxlip,  cowslip,  and  polyanthus,  were  only  variatiea  of  the  aame 
species.  The  majority  of  the  modem  botanists,  on  the  ccctrarr,  ooo* 
«;i(ler  them  to  be  distinct,  although  some  conceived  that  the  oxlip  nii?Iit 
be  a  cross  between  the  cowslip  and  the  primrose.  Mr.  nerbert  has 
lately  recorded  the  following  ex[)€'riment : — "I  raised  from  the  natural 
seed  of  one  umbel  of  a  highly  manured  red  cowslip  a  primrose,  a 
cow&lip,  oxlips  of  the  usual  and  other  colors,  a  black  p'-lyaulhus,  a 
hoee-in-h<^  cowslip,  and  a  natural  primrcee  bearing  its  floirer  on  a 
polyanthus  stalk.  From  the  seed  of  that  veiy  hose-in-how  oowal^ 
I  have  since  raised  a  hose-in-hose  primrose.  I  therefore  eoasider  sU 
these  to  be  only  local  Tarieties,  depending  upon  soil  and  ntaa^"* 
Professor  Henslow,  of  Gambridgi^  haa  since  confirmed  thb  csperiDNnt 
of  Mr.  Herbert ;  so  that  we  have  an  examplSi  not^only  of  tiie  remark- 
able varieties  which  the  florist  can  obtain  {rem  a  common  stookf  but 
tlje  distinctness  of  Rnalogous  races  found  in  a  wild  state.f 

*  Ml  wiiat  particular  ingredient,  or  quality  in  the  earth,  these  cli''"?^''^ 
depend,  has  not  yet  been  ascertained.|  But  gardeners  are  well  aware 
that  particular  plants,  when  placed  under  the  influence  of  certain  cv- 
rumstauces,  arc  changed  m  > arious  ways,  according  to  the  species;  awl 
as  often  as  the  experiments  are  repeated,  similar  results  are  obtain^ 
The  nature  of  these  results,  howeyer,  depends  upou  the  species,  and 
they  are,  theiefore,  part  of  the  spedfio  character ;  they  eihibit  the 
same  phenomena,  again  and  again,  and  indicate  certain  fixsd  sad  in- 
variable relations  betiween  the  physiological  peouliaritiea  of  the  flairt» 
and  the  influence  of  certain  external  agents.  They  afford  no  gieawl 
for  questioning  the  instability  of  species,  but  rather  the  contrarv : 
they  present  ns  with  a  class  of  phenomena,  which,  when  they  are  ti^^ 
thoroughly  understood,  may  afford  some  of  the  ttest  tests  for  identifTtn? 
species,  and  proving  that  the  attributes  originnllv  conferred  endurt  w 
long  aa  my  issue  of  the  original  stock  remains  upon  the  earth. 

*  Ifort.  Trans,  vol  iv.  p.  19. 

I  LoudoQ's  Mag  of  Kat  Hiai,  Sept  1680^  toL  ItL  pi.  4M, 
\  Hort  Trans,  vol.  iiL  p.  1791 


Digitized  by  Google 


CHAPihU  XXXV. 

wiueivn  sPKons  hats  a  bkal  ExmivoK  nt  katujub-* 

eovUimied. 

Limits  of  the  variability  of  species — Species  susceptible  of  modification  may  be 
altered  greatly  ia  a  short  time,  ami  in  a  few  generations ;  afte  r  which  they  re- 
nwimtotioDuy-— The  ftnioialB  now  subj  ect  to  man  had  original  ly  an  aptitnd«  to 
domesUeity — Acquired  peculiarltlo^  wliich  bocomc  hereditary  havit  m  oloee  con- 
nexion with  the  hnblts  or  instincts  of  thcspccios  in  a  wild  state — Somequnliti^^ 
in  certain  animala  have  been  conferred  with  a  view  of  their  relation  to  man — 
Wild  <l«phaii( doneaUoftted  in  a  few  year%  hnt  lit  fwulttea  incapable  of  farther 
ileToIopoteni] 

Varnil,,lii>/  of  a  species  compared  io  that  of  an  individual.- — I 
enrie.ivorcHi,  m  the  last  chapter,  to  show,  that  a  belief  in  tlio  reality 
of  gpccios  is  not  inconsistent  with  the  idea  of  a  considerable  degree 
of  v»riability  in  tliO  specific  character.  This  opinion,  indeed,  is  little 
more  than  an  extension  of  the  idea  which  we  must  entertain  of 
the  identiif  of  an  individiia],  thronghoutthe  ohaiigee  which  it  isoapaUe 
of  undergoing. 

If  s  qaadrupedf  iiihabitiug  a  oold  noitheni  latitude^  and  co?«nd 
with  n  warm  ooat  of  hair  or  wool,  be  transported  to  a  aoatfaern  dimate, 
it  will  often,  in  the  course  of  a  few  yean,  shed  a  considerable  portion 
of  ita  coat,  whioh  it  gradually  reooren  on  being  again  restored  to  its 

native  country.  Even  there  the  sarae  changes  are,  perhaps,  superin- 
duced to  a  cert^iin  extent  by  the  return  of  winter  and  summer. 
We  know  that  the  A][)ino  liaro  (^Lepus  variahilis^  Pal.)  nnd  the 
ermine,  or  stoat,  erminea.  Linn.)  bcconio  white  during  winter, 

and  again  obtain  their  full  color  durin;?  tlio  warmer  season  ;  that  the 
plumage  oi  the  ptarmigan  undergoes  a  like  metamorphosis  iu  color 
and  quantity,  and  Uiat  the  change  is  equally  temporary.  We 
are  aware  that,  if  we  redaim  some  wild  animal,  and  modify  ita  habita 
and  inatinets  by  domestioation,  it  may,  if  it  escapes,  become  in  a  few 
yean  neatly  as  wild  and  nntraetable  as  ever ;  and  if  the  same  individual 
be  again  retaken,  it  may  be  reduced  to  ita  formelr  tame  state.  A  ^bxA 
i»  sown  in  a  prepared  soil,  in  order  that  the  petals  of  its  flowers  may 
multiply,  and  th^  color  be  heightened  or  changed:  if  we  then  witb> 
bold  our  care,  the  flowers  of  this  same  species  become  again  single.  In 
these,  and  innumerable  other  instances,  we  mn«t  suppose  that  the 
apecies  was  produced  with  a  certain  number  of  qualities ;  ami,  in  the 
case  of  animals,  with  a  varietv  of  instincts,  some  of  which  mav  or  may 
not  be  develo|X'd  arcording  to  circumstances,  or  which,  after  having 
been  called  forth,  may  again  become  latent  when  the  exciting  caui>es  are 
removed. 
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tmong  these  do^  some  ue  found,  which  the  very  first  time  they  aft 
taken  to  the  woods,  are  acquainted  with  this  mode  ol  attack  ;  whereas, 
a  dog  of  another  breed  starts  forward  at  ooce,  is  BiimMiiided  by  tlM 

pecari,  and,  whatever  may  be  his  strcno^h,  h  destroyed  in  a  moment. 

Some  of  onr  countrymen,  en^ra'ifofl  of  lato  in  conductincr  one  of  th^ 
princip.il  miiiinii;  associations  iu  Mexico,  thnt  of  Real  del  Monto,  carne<i 
out  with  them  some  Enojlish  greyhounds  ot  the  best  breed,  to  hunt  the 
liaros  which  abound  iu  that  country.  The  great  pkitforiu  wliich  is  the 
scene  of  sport  is  at  an  elevation  of  about  nine  thousand  l^et  above  th«i 
level  of  the  Ma,  and  tb«  nwrowy  m  the  barooMler  itaade  habitaaUy  at 
the  height  of  about  nineteen  inchee.  It  waa  Ibond  that  the  greyhoaadi 
ooold  not  support  the  fittigueiof  a  long  ohaM  m  this  attenuated  atoM 
spheie,  and  before  they  ooold  eome  up  with  their  pi»y,  down 
gasping  for  breath;  but  these  same  animals  have  produced  whe^ 
which  have  grown  up,  and  are  not  in  the  least  degree  incommoded  hgr 
the  want  of  density  in  the  air,  but  run  down  the  haiee  with  as  roaeh 
case  as  the  fleetest  of  their  race  in  this  country. 

The  tixed  and  deliberate  stand  of  tlie  ])oiutor  has  with  proprietr  been 
regarded  as  a  mere  moditicatiou  of  a  habit,  which  may  Ivivc  Ixvn  use- 
ful to  a  wild  race  accustomed  to  wiiul  game,  and  steal  ujk)U  it  by  sur- 
prise, tirst  pausing  for  an  iustaut,  iu  order  to  spring  with  unerring  aim. 
The  faculty  of  the  retriever,  however,  may  jusUy  be  regarded  as  more 
laezplicahle  and  less  easily  referable  to  the  insdnetive  passioDS  ef  the 
species.  M.  Majendie,  says  a  Erench  writer  in  a  recently  pnbliihsd 
memoir,  having  learnt  that  there  was  a  race  of  dogs  in  England  which 
slopped  and  brought  back  game  of  their  own  aoooni,  procuied  a 
pair,  uid  hanng  obtained  a  whelp  from  them,  kept  it  constantly  und^ 
his  eyes,  until  he  had  an  opportunity  of  assuring  himself  that,  withoot 
having  received  any  instruction,  and  on  the  very  first  day  that  it  wtti 
carried  to  the  chase,  it  brou«]:ht  back  game  with  as  much  steadiness  as 
dogs  which  h:id  been  schooled  into  the  same  manceaTre  by  nmm  of  the 
whip  and  collar. 

AllribuU's  of  animah  in  their  relation  to  man. — SucIj  attainments  as 
well  as  the  habits  and  dispoftilious  which  thi^  shepherd's  dog  aud  many 
others  inherit,  seem  to  be  of  a  nature  and  extent  which  we  can  hardly 
explain  by  supposing  them  to  be  modifioadons  of  iastinels  neoeisary 
for  the  preservation  of  the  speciee  in  a  wild  state.  When  such  rs- 
markable  habits  appear  In  noes  of  this  spedes  we  may  veeeouably 
eonjeeture  that  they  were  given  with  no  other  view  than  for  the  use  cf 
man  and  the  preser\'ation  of  the  dog,  which  thus  obtains  protection. 

As  a  general  rule^  I  fuUy  agree  with  M.  F.  Ouvier,  that,  in  studying 

the  habits  of  animals,  we  mui^t  attempt,  as  far  as  possible,  to  refer  their 

domestic  (jualities  to  modifications  of  instincts  which  are  implanteil  in 

th»  n\  1)1  ;i  state  of  nature;  and  that  writer  lias  puo<^f-ssfulIy  pointeJ  out, 

iu  an  admirable  essay  on  the  domestication  of  the  mammalia*,  the  true 

» 

*  JISBBu  da  Ma&  d'Hist  ^'at— Jameson,  £d.  New  Thil.  Joura.  Nos^  6,  7,  8. 
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•ngiD  of  aMny  dispoatioBi  whidi  an  vulgarlj  attriboied  to  Uke  vaAt^ 
Moeof  ediMAfeknialoiM.  But  wa  ilioiildgotoofiirifwodid  not  admil 
dwt  aome  of  the  4|iMlitics  of  pvtieular  aniiiiab  add  pfauiti  tnay  liavo 
betn  given  soldy  irith  a  fiev  to  tho  oonnectioB  vkieli  it  was  fbiaaeeD 
ipoitld  coast  betwoen  ikeni  and  man— especially  when  we  aee  that  oon- 
B«doii  to  bo  io  maay  OMes  so  intimate,  that  the  ^eater  number,  and 
sometimes,  as  in  the  case  of  the  camel,  all  the  individuals  of  the  Bpeoiea 
which  exist  on  the  earth  nrp  in  ei!l>iopf!on  to  the  liurTian  race. 

We  can  pwseivo  in  n  muititude  oi'  animals,  especially  m  some  of  the 
parasitic  tribe.%  that  certain  instincts  and  orcrans  are  conferred  for  the 
purpose  of  defence  or  attack  ag^iiiist  some  uther  species.  Now  if  we 
.  Me  reluctant  to  suppoi>e  tho  existence  uf  similar  relations  between 
■an  and  the  iaatiiicte  <^  many  of  the  ioferior  aaimala,  we  adopt  aa 
bfpodieaia  no  km  vMent,  tho«gk  m  tke  opposito  estnme  to  that  whiok 
baa  led  aono  to  iim^iM  Iho  whole  aBlmala  and  laaniiaate  creation  to 
bav»  been  nnde  aol  Ibr  the  inpporl^  gratifteatioa,  and  iaatroction  of 
mankind. 

Many  apecies,  most  hoatileto  our  petaooaor  paopeity»  mnltiplyt  in 
spite  of  our  e^rts  to  repress  thotn ;  others,  on  the  oontraiy,  are 

intentionally  augmented  many  hundred  fold  in  number  by  o«r  exertions. 
In  sucli  instancefi,  wr-  mmt  ima^ne  the  relative  resources  of  man,  and 
of  sf)ecie8  friendly  or  iiiiiiiicil  to  him,  to  have  been  prospectively  calcu- 
lated and  adjusted.  To  withhold  assent  to  this  supposition,  would  be 
to  refuse  what  we  must  grant  in  respect  to  the  economy  of  nature  in 
every  otlier  part  of  the  organic  creation;  for  the  various  species  of 
CK)ntemporary  plants  and  animals  have  obviously  th^  relative  fiurces, 
nioety  babnoed,  and  their  respective  taites^  paarioii%  and  inattnota  to 
,  eontrited,  that  thef  are  all  in  perfeot  harmony  with  eaoh  other.  In  no 
odier  manner  oonld  it  happen  that  each  apedea,  snminnded,  aa  it  ia^  by 
eonntlem  dangen,  ahonld  be  emibled  to  maintain  its  gionnd  for  perioda 
of  considerable  duration. 

The  docility  of  the  individuals  of  some  of  our  domestic  species, 
extending,  as  it  does,  to  attainments  foreign  to  tlieir  natural  liabits  and 
faculties,  may,  porhap'*,  have  been  conferred  w  it!i  view  to  their  asso- 
ciation with  man.  But,  lest  species  siiould  ho  thereby  made  to  vary 
indefinitely,  we  find  that  such  habits  are  never  transmissible  by 
generation. 

A  pi^  has  Ivcen  trained  to  iuait  and  point  game  with  great  activity 
and  steadiness*;  and  other  learned  indinduals,  of  the  aame  speeiea, 
have  been  taoght  to  spell ;  but  audi  ftrtaitona  aoqnirementa  norer 
become  heredttaiy,  far  they  have  no  nlatioii  whatever  to  tho  eiigeociee 
of  the  animal  in  a  wild  atate,  and  oannot»  therefore^  be  derelopmenta  of 
any  inatinctiTe  pvopeodCiea*' 

Znjluetie$  tf  dlrniMtlioaliOii.— >An  animal  in  domeatidty,  aaya  M,  F. 

# 

•  In  the  New  Forest,  near  Ringwood,  Ilnnt  s.  hy  Mr.  Toomer,  keeper  of  Broomy 
Ijodg«b  1  have  eonvarted  witb  witaiMMS  of  the  iisol. 
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Osfier,  is  not  enentially  in  a  diffiBi^siit  sitnatioii,  io  ngaid  lo  tht 
feeliog  of  restraint,  from  one  left  to  itself.  It  lives  in  sodetj  wHlioiit 

oonstraintf  because,  without  donbt|  it  was  a  social  animal ;  and  it  con* 
fonns  itself  to  the  will  of  man,  because  it  ha4  a  chief,  to  which,  in  a 

wild  state,  it  would  have  yielded  obedience.  There  is  nothing  in  its 
new  sitiialion  that  is  not  conformable  to  its  prop*^n«5ities  ;  it  is  satisfy- 
iug  iUs  wants  by  submission  to  a  master,  and  makes  no  sacrifice  of  its 
natural  inclinations.  All  the  social  animals,  when  left  to  them^'lvt-s, 
form  herds  more  or  leas  numerous;  and  all  the  individuals  of  the 
same  herd  know  each  other,  arc  mutually  attached,  and  will  not  allow 
a  strange  individual  to  join  them.  In  a  wild  state,  moreover,  they 
obey  some  individiial,  which,  by  its  superiority,  has  become  the  chief 
of  the  herd.  Our  domestie  species  had,  originally,  this  eociability  of 
disposition ;  and  no  eolitaiy  species,  however  easy  it  may  be  Io  fanM 
ti;  has  yet  afforded  true  domestio  noes.  We  merely,  therafbie,  develope, 
to  our  own  advantage,  propensities  which  propel  the  individuala  of 
certain  species  to  draw  near  to  their  fellows. 

The  sheep  which  we  have  reared  is  induced  to  follow  us,  as  it 
would  bo  led  to  follow  the  flock  among  which  it  was  brought  up ;  and, 
when  individuals  of  gregarious  species  hnvo  been  accustomed  to  one 
master,  it  is  he  alone  whom  they  acViK  \s  N  iuo  as  their  c])i<.'f — he  only 
whom  they  obey.  "The  elephant  allows  himself  to  be  direct^  only 
by  the  carnac  whom  he  has  adopted ;  the  dorr  itself,  reared  in  solitude 
with  its  imister,  manifesto  a  hostile  disposition  towards  all  othem ; 
and  every  body  knows  how  dangerous  it » to  be  in  the  midst  of  a  hod 
of  cows,  in  pasturages  that  are  little  frequented,  when  they  have  not  at 
their  head  the  keeper  who  taikes  care  of  them. 

Every  thing,  therefore,  tends  to  convince  na,  thai  fimneily  men 
were  only  with  regard  to  the  domestic  anima|%  what  those  who  are 
particularly  charged  with  the  care  of  them  still  are-Hiamdy,  members 
of  the  society  which  these  animals  form  among  themselves ;  and,  that 
they  are  only  distinguished,  in  the  general  mass,  by  the  authority 
which  they  have  l><^en  enabled  to  assume  from  their  sujk'riority  of  in- 
tellect. Thu*?,  fv  ry  social  animal  which  recoirnizes  man  as  a  member, 
and  as  the  chief  of  its  herd,  is  a  domestic  animal.  It  might  even  Vk; 
said,  that,  from  the  moment  when  such  an  animal  admits  man  lus  a 
member  of  its  society,  it  is  domesticated,  as  man  could  not  enter  iiiiu 
such  society  without  becoming  the  chief  of  it*'* 

But  the  ingenious  author  whose  observations  I  have  here  ated, 
admits  that  the  obedience  which  the  individuals  of  many  donwrntSc 
bpecies  yield  Indiflerently  to  esery  perMm,  is  without  analogy  in  any 
state  of  things  which  oould  exist  praviously  to  their  subjugatioii  by 
roan.  Each  ^K>op  of  wild  horses,  it  is  true,  has  some  stidlion  for  its 
chief^  who  draws  after  him  all  the  individuals  of  which  the  herd  is  com- 
posed; but  when  a  domesticated  horse  has  passed  from  hand  to  luuid. 

•  MtaL  du  Mm.  d'Hial  Hat 
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and  hat  aerred  8ev«tiil  masten^  he  beoomas  eqiuJlj  docile  towarda  cmy 

ftrtcn,  'A\id  is  subjected  to  the  whole  human  race.  It  aeems  fair  to.pre* 
Mime  that  the  e*pability  in  the  iDBtinct  of  the  hone  to  bo  thua  modi' 

fied,  was  given  to  enable  the  species  to  render  greater  serricea  to 

DK-in ;  and,  perhaps,  the  facility  with  which  many  other  acquired 
<  iiiiract<'rs  bornme  hereditary  in  various  races  of  the  hor?i^,  mny  be 
explicallo  only  on  a  like  supposition.  The  amble,  for  example,  a 
pace  to  ^vlii I'll  the  domostic  races  in  tome  parts  of  Spanish  America 
are  exclusively  trained,  has,  in  the  course  of  several  generations,  become 
hereditary,  and  is  assumed  by  all  the  young  colts  before  they  are 
broken  ia.* 

U  aeems,  also,  teaaonable  to  oonolttde^  that  the  power  beatowed  on 
the  horae^  the  dog,  the  ox,  the  aheq>^  the  cat,  and  many  spedea  of 
domeaftio  fowla,  of  aupporting  almoat  every  climate,  waa  girea  ex* 

pteasly  to  enable  them  to  follow  man  thionghottt  all  parte  of  the 
globe,  in  order  that  we  might  obtain  their  services,  and  they  our  pro- 
tection. If  it  be  objected  that  the  elephant  which,  by  the  imioa  of 
stretiLrth^  intelligence,  and  docility,  can  render  the  greatest  services  to 
mankind,  is  incapable  of  living  in  nnv  butthT"  wrjmiest  latitudes,  \\q  may 
observe  that  tho  quantity  of  vegeUible  food  required  by  tbis  quadruped 
would  n  nder  its  maintenance  in  the  temperate  zones  too  costly,  and  in 
the  arctic  impossible. 

Among  the  changes  superinduced  by  man,  none  appear,  at  Urst  sight, 
more  remarkable  than  the  perfect  tameoeaa  of  oefiain  domeatio  race& 
It  ia  well  known  that,  at  however  eaily  an  age  we  obtain  poaaeaaion  of 
the  jonog  of  many  nnredaimed  taoea^  they  will  rebin,  throughout  life, 
aoonaiderid>Ie  timidity  and  apprahenaiveneaa  of  danger;  whereaa,  after 
one  or  two  generations,  the  deaoendanta  of  the  aame  atook  will  habitu- 
aUy  place  the  most  implicit  confidence  in  man.  There  is  good  reason, 
however,  to  soapect  that  each  ehangea  are  not  without  analogy  in  a 
state  of  nature ;  or,  to  apeak  move  conectly,  in  aitnationa  where  man 
has  not  interferod. 

We  learn  fr».jiii  ^fr.  Darwin,  that  in  the  (rabipagos  tlk  bip<'lap;o,  placed 
dir.jctly  under  the  equator,  and  nearly  Guu  miles  west  of  liio  American 
coutiitont,  all  the  terrestrial  birds,  as  the  finches,  <lovesi,  hawks,  and 
others,  are  so  tame,  LliaL  they  may  be  killed  with  a  switch.    One  day, 
aaya  this  author,  "a  mocking  bird  alighted  on  the  edge  of  a  pitcher 
which  I  held  in  my  hand,  and  began  quietly  to  sip  the  water,  and 
allowed,  me  to  lift  it  witk  the  veaael  fiom  the  gnmnd.**  Yet  formerly, 
wbea  tbe  fint  Europeana  landed,  and  found  no  inhabitants  in  theae 
ialaiiiiai,  the  birda  weie  even  tamer  than  now:  already  they  are  begin- 
aiog^  to  acqnire  that  aalntary  dread  of  man  which  in  countries  long 
settled  is  natural  even  to  young  birds  which  have  never  received  any 
jBjur\'.    So  in  the  Falkland  Islanda^  both  the  biida  and  foxes  are  entirely 
without  fear  of  man ;  whereaa,  in  the  adjoining  mainknd  of  South 

t 
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*  Doreao  d«  la  Mall^  Ann.  d«s  Sei.  SbIL,  Urn.  xzi.  pb  6& 
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America,  many  of  tlie  samo  species  of  birds  are  extremely  wild;  for  there 
they  havo  for  ages  been  persecuted  by  the  native* 

Dr.  lliciiard^sou  iuforms  us,  in  his  able  history  of  the  habita  of  the 
North  Amerioan  imuiHila,  that,  the  retired  parts  of  the  mountains 
where  the  bunten  had  leldom  penelnited,  there  m  no  difionlty  » 
approaefaiBgtheBoclqrMouiitiai  aheejy  whkh  time  enhihit  lAe  rimfH 
mty  ^fkmoKkr  to  rmaMbh  m  tk£  dmmtk  tpmu  ;  hot  iHiem  ^kttf 
have  been  often  fired  at,  they  aie  exeeediogiy  irildialaffiii  their  ooHfe- 
siom,  o&the  approach  of  dnn^rer,  by  a  hissing  nolae^aad  seale  the  leeb 
with  a  speed  and  agility  that  baffle  panuit."f 

It  is  probable,  therefore,  that  as  man,  in  diffusiog  himself  over  the 
globe,  has  tamed  many  wild  nift'«,  so,  also,  he  has  made  many  tame 
races  Avild.  Had  some  of  the  lar*^er  carnivorous  beasts,  capable  of  s  al- 
ing  the  rock;*,  made  tlieir  way  into  the  North  American  nKuiniaius 
before  our  hunter:^,  a  himiiar  alteration  in  the  in&tincta  ot  the  ihe<^ 
would  doubtless  have  l>oen  brought  about. 

Wild  elephants  domesticated  in  a  few  yeart, — No  animal  aioidji  a 
more  striking  illustration  of  the  |irincipal  points  which  I  haye  beea  en- 
deavouring to  estahlish  than  tiM  ehphaiit ;  for,  in  the  fint  plaeo^  the 
wonderfel  sagacity  with  wfaieh  he  aoooiniiKNhiles  hinsdf  to  the  lociotf 
man,  and  the  new  habits  whioh  he  eontraels,  are  not  the  tesnit  ni  iim% 
nor  of  .modifications  produced  in  the  comae  o£  many  genenrthma. 
These  animals  will  breed  in  captWily,  is  m  now  aMWtataed,  hi  oppo^ 
tion  to  the  vulgar  opinion  of  many  modern  naturalists,  and  in  conformitf 
to  that  of  the  ancients  ^ian  and  Columella^:  yet  it  has  always  been  the 
custom,  as  the  least  expensive  mode  of  obtaining  them,  to  caj)ture  >nld 
individuals  in  the  fore-ts,  n^nnlly  when  full  grown  ;  and,  in  a  few  yeari^ 
after  they  are  taken — -  in  limeft,  it  is  said,  in  the  space  of  a  lew  m<»ith6 
— their  education  is  cuinpleted. 

Had  the  whole  species  been  domesticated  from  an  early  period  in  the 
history  of  man,  like  the  camel,  their  superior  intelligence  would,  doubt* 
less,  have  been  attribi^  to  their  long  and  tandliar  inteioouiss  wMi  the 
lord  of  the  creation;  but  we  know  thai  a  few  yeais  it  snflNient  tabling 
about  this  wonderfnl  chaags  of  habits  t  and  atlhcn^  the  smne  iufivi- 
dual  ma7  oonturoe  to  leoeivv  tuitkw-  fair  a  oeatuiy  afterwavda,  wet  it 
makes  no  farther  progress  in  the  geuflial  dsvelopmeai  of  ita  fiwnllisfc 
Were  it  otherwise,  indeed,  the  animal  wenld  aooa  dteervemovB  thmilfae 
poefs  epithet  of  "  half-reasoning." 

From  the  authority  of  our  countrymen  employed  in  the  lato  Burmese 
war,  it  appears,  in  corroborati  -n  nf  older  accounts,  that  when  eie)>bants 
are  required  to  execute  extraordinary  task?,  they  may  be  made  to  under- 
stand thtit  they  will  receive  unusual  rewards.  Some  favountc  Inintv  i<« 
shown  to  them,  in  the  hojv»  of  aoquiring  which  the  work  is  doti.  ;  nnd 
•o  perfectly  does  the  nature  of  the  contract  appear  to  be  uudcrHtoud; 

*  Darwin's  Journ.  in  Voyage  of  n.H.&  Bes^C^  416. 
4  Fuuna  Borculi-Americano,  p  278. 

\  Mr.  Corse  on  the  Habits,  <bc.  of  the  Ekphsat,  Phil  Trana,  1199. 
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dut  the  breach  of  it,  en  the  part  of  the  mattery  is  often  attended  ivith 
danger.  In  this  case,  a  power  bae  been  given  to  the  species  to  adapt 
(heir  social  instincts  to  new  ciroamstanc^  with  surprising  rapidity ;  but 
Ute  extent  of  this  ch<mj[fo  is  defined  by  strict  and  arbitrary  limitn. 
There  is  no  indir^r^tion  of  a  tendency  to  contiaued  divergence  Ir  >in 
eertaiu  attributes  with  which  the  elepliant  was  originnlly  endued — no 
gTOund  whatever  for  anticipating  that,  in  thousands  of  centuries,  any 
material  alteration  could  ever  be  eii'octed.  All  that  we  can  infer  from 
analogy  ie,  that  Knne  move  naefnl  and  peculiar  laeee  might  probably 
be  Jbrmed,  if  the  experiment  were  &vly  tried;  and  thataooie  individnal 
ehameteriatie,  now  only  oisual  and  temporary,  might  ce  peipetnatcd 
by  generation. 

In  alt  eeeofl^  therefore,  where  the  domeetio  qualities  exitt  in  animals, 
they  seem  to  require  no  lengthened  process  for  their  ie?el<^ment ; 
and  they  appear  to  have  been  wholly  denied  to  some  ckisses,  which, 

from  their  j^trencrth  and  Bocial  disposition,  might  have  rendered  great 
senricfH  to  man;  as,  for  example,  the  c^reater  part  of  the  quadrumana. 
The  orang-outang,  indeed,  which,  for  its  resenihlancc  in  form  to  man, 
and  apparently  for  no  other  tjood  reason,  has  b<}en  aivsumed  ])y  Lamarck 
to  be  thu  most  j/crfcct  of  the  inferior  auimak,  has  been  tamed  by  the 
sav  ages  of  Borneo,  and  made  to  climb  lofly  trees,  and  to  bring  down 
the  fruit  But  he  is  sdd  to  yield  to  hte  masters  an  unwilling  obedience, 
and  to  be  held  in  subjection  only  by  severe  disdpline.  We  know 
nothing  of  the  faculties  of  this  animal  which  caa  suggest  the  idea  that 
it  rivals  the  elephant  in  intelligence ;  much  less  anything  which  can 
countenance  the  dreams  of  those  who  h^ve  fancied  that  it  might  have 
been  transmuted  into  the  dominant  rMC."  One  of  the  ]>;iboons  of 
Sumatra  (Simia  carpolegus)  appears  to  be  more  docile,  and  is  frequently 
train'-^d  In  tlio  inhabitants  to  ascend  trees,  for  the  purpose  of  feathering 
Cm  iiiiui-;  a  service  in  which  the  animal  i<«  very  exjKTt.  lie  selects, 
says  Sir  Stamford  Raffles,  the  ripe  nuts,  witli  great  judgment,  and  pulls 
•  no  more  than  he  is  ordere<l.*  The  capuchin  and  caoajao  monkeys  are, 
according  to  Humboldt,  taught  to  ascend  trees  iu  the  same  manner, 
and  to  ^oow  down  fruit  on  the  banks  of  the  lower  (MnooObf 

It  is  Ibr  the  LamarckiaDs  to  explain  how  it  happens  that  those  same 
aavages  of  Borneo  have  not  themselves  acquired,  by  dint  of  longing,  Ibi 
naoy  generations,  Ibr  the  power  of  climbing  trees,  the  elongated  aim» 
of  the  ourang,  or  even  the  prehensile  tails  of  some  American  monkeys* 
lartead  of  being  rednoed  to  the  necessity  of  suhjngadsg  stubborn  and 
WBtraotable  brutes,  we  should  naturally  have  anticipated  "  that  their 
wants  would  have  excited  them  to  efforts,  and  that  continued  efforts 
would  have  given  rise  to  new  organs or  rather  to  tho  re-acquisition 
of  Mgans  which,  in  a  manner  irreooneikaUe  with  the  principle  of  the 

'linn.  Tnuui  voi  adlL  p.  244. 

f  PerB.  Karr.  of  Travels  to  the  EquineetisI  Bcgions  of  the  Ksw  Gontiasnt  ia 
yean  1779—1804 
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pngrmive  system,  have  grown  obsolete  in  tribes  of  men  which  htfst 

such  coiistint  need  of  them. 

EccapHalaiim. — It  follows,  tlinn,  from  the  different  facto  which  have 
been  considered  in  this  cluipter.  tliat  a  8hort  period  of  time  is  j^ntrally 
sufficient  to  effect  nearly  the  whole  ciianjro  which  an  alteration  of  exter- 
nal circumstaaccs  can  bring  about  in  the  lia]>its  of  a  species,  and  that 
such  capacity  of  accommodation  to  new  ciicumstancea  is  enjoyed  in 
rery  different  degrees,  by  difiianttt  ipedei. 

Ceftain  qnalitiee  appear  to  be  bestowed  ezdosively  with  a  Hem  to 
the  relations  which  at<e  destined  to  exist  between  different  qieciei^  nnd, 
among  others,  between  certain  species  and  man;  but  these  latter  are 
always  so  nearly  connected  with  the  original  haltts  and  propensities  of 
each  species  in  a  wild  stat^  that  thejr  imply  no  indefinite  capacity  of 
varying  from  the  original  type.  The  acquired  habits  derived  from  hu- 
man  tuition  arc  rarely  transmitted  to  the  offspring;  and  when  this  hap- 
pens, it  is  almost  universally  the  case  with  those  merely  which  have 
some  obvious  couucxiou  with  the  attributes  of  the  species  when  in  a 
state  of  independence. 


CHAPIER  XXXVI. 

WBRBIB  8PBCISS  BATS  A  REAL  EZI8IB1I0S  IM  SATOBB — 

Phenomena  of  hybrida — nttQt<ur*s  opinions — ^Mnles  not  strictly  intermediate 
between  parent  species — Hybrid  plants^EiperimentBof  KMreiit«randWi«|P> 

mann — ^Vegetable  hybrids  prolific  throne;hout  Boveml  cf-nonitions — Why  rare 
in  n  wild  «tate — Decundolle  on  hybrid  plants — The  phonomona  of  hvbrida 
cooiirm  the  di»tinctoee8  of  species— Theory  of  Uie  grudation  in  tli<e  intclii* 
genee  of  animals  as  indieated  by  the  facial  angle— Doetrine  that  eertaia 
oiigans  of  the  fcctus  in  mammalia  assume  •ncceiBiTely  the  fbrms  of  fish,  refK 
tile,  and  bird — ^Recapitolation. 

Phenomena  of  hybrids, — ^We  have  yet  to  consider  another  class  of  phe- 
nomenaf  those  relating  to  the  production  of  hybrids,  which  have  been 
regarded  in  a  very  different  light  with  reference  to  their  bearing  on  the 
question  of  the  permanent  distinctness  of  species;  some  naturalists  oon- 
sidering  them  as  affording  the  strongest  of  all  proofr  in  &ror  of  the 
reality  of  species ;  othorsi,  on  the  contrary,  appealing  to  them  as  counte- 
nancing the  opposite  doctrine,  that  all  the  varieties  of  nrganinition  and 
instinct  now  exhibited  in  the  animal  and  vogotablo  kingdoms  may  havia 
been  propagated  from  a  cTnall  number  of  original  types. 

In  rcirard  to  tlie  inarninitcrs  and  1'inls  it  is  found  that  no  sexual 
union  will  take  place  between  races  which  are  remote  from  each  other 
in  their  habits  and  organization  ;  and  it  is  only  in  species  that  arc  vei^ 
nearly  alUed  that  such  unions  produce  oiIi»priug.    It  may  be  laid  dowD 
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M  «  geoend  rale,  admitting  of  very  hw  exoeptiont  tmoag  qnadnipedfli 
tliat  tbo  hybrid  j>ron;eny  is  sterile;  and  there  seem  to  be  no  well 
authenticated  exainplee  of  the  oontintiaDco  of  the  male  race  beyond 

one  cfenerntirvn.  The  principal  number  of  observations  and  experi- 
ments n-late  to  tlie  mix^^^d  otTspring  of  the  horse  and  tlie  ass;  and 
in  this  ciise  it  is  well  established  that  the  he-mule  can  cj»'ncratp,  and 
the  she-mule  produce.  Such  cases  occur  in  Spain  and  Italy,  and  much 
more  frequently  in  the  Weiit  Indies  and  New  llolland  ;  but  these  mules 
have  never  bred  in  cold  climfttes,  seldom  in  warm  regions,  and  still 
more  rarely  in  temperate  countries. 

The  hybrid  o%>ring  of  the  ahe-ase  and  the  etallion,  the  yums  of 
Aristotle,  and  the  hianus  of  Pliny,  difl^  from  the  mule,  or  the  olT- 
ipringof  the  ass  and  mare.  In  both  oasee,  says  Buffon,  theee  animals 
retain  more  of  the  dam  than  of  the  sire,  not  only  in  the  magnitude,  but 
in  the  tiguro  of  the  body :  where<^s,  in  the  form  of  tho  head,  limbs,  and 
tail,  they  bear  a  greater  resemblance  to  the  sire.  The  same  naturalist 
infers,  from  various  experiments  respecting  cross-breeds  between  the 
he-goat  and  ewe,  the  <]<>rr  ,H,i,t  she-wolf,  the  fs^ldfinch  and  canary-bird, 
that  tho  male  trausmius  ins  sex  to  the  greatest  number,  and  that  tlio 
pn  ponderance  of  males  over  females  exceeds  that  which  prevails  where 
the  parentis  are  of  the  same  species. 

AmferV  €pinion^Tb»  oelebnted  John  Hunter  has  cbsenred,  that 
the  true  distinetion  of  spedes  muit  ultimately  be  gathered  from  th«r 
incapacity  of  propagating  with  each  other,  and  jnodocing  o&pring 
capable  of  again  continuing  itself.  He  was  unwilling,  however,  to  ad- 
mit that  the  horse  and  the  aas  were  of  the  same  species,  because  some 
rare  instances  had  been  adduced  of  the  breeding  of  mules,  althougb  he 
maintained  that  tlie  wolf,  the  dog,  and  the  jackal  were  all  of  one  species; 
because  he  had  found,  by  two  experiment*,  that  the  doij  would  breed 
both  with  the  wolf  an<l  tlie  jackal ;  and  that  tho  mule,  in  each  ease, 
would  in.  ■  d  again  with  tlie  dtxj.  In  these  cases,  however,  it  may  be 
'  observed,  that  there  u.t-,  ahvavs  uno  parent  at  least  of  jnirc  breed,  and 
no  proof  was  obtained  that  a  true  hybrid  race  could  be  perpetuated ;  a 
fact  of  which  I  believe  no  exampks  are  yet  reoovded,  either  in  regard  to 
nixtufes  of  the  horse  and  ass,  or  any  other  of  the  mammalia. 

Should  the  fiust  be  hereafter  ascertained,  that  two  mules  can  propa- 
gate their  hind,  we  must  still  inqmre  whether  the  offspring  may  not  be 
ref^arded  in  the  light  of  a  monstrous  birth,  proceeding  from  some  acci- 
dental cause,  or,  rather,  to  speak  more  jMosophically,  from  some  general 
law  not  yet  understood,  but  which  may  not  bo  permitted  permanently 
to  interfere  with  those  laws  of  generation  by  which  species  may,  in 
general,  bo  prevented  from  becoming  blended.  If,  for  example,  we 
discovered  that  the  progeny  of  a  mule  race  degenerated  greatly,  in  the 
first  generation,  in  force,  sagacity,  or  any  attribute  necessary  for  iLt 
preservation  in  a  stato  of  nature,  we  might  infer  that,  like  a  monster,  it 
in  a  int^ro  temporary  and  fortuitous  variety.  Nor  does  it  seem  piobabla 
that  the  greats  number  of  such  monsters  oonld  aver  ooeur  unless  ob- 
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U&ied  by  art;  for,  in  Hunter's  «cperiments,  Rtratasrem  or  force  waa^  w 
most  instances,  cmplo^oil  to  brinpf  about  the  irregnlnr  connexion.* 

Mtiles  not  Kfrlcily  intermediate  between  the  pannt  species. — It  st'ems 
rarely  to  happen  that  the  mule  offspring  is  truly  interniediaUj  iu  char- 
acter between  the  two  parents.  Thus  Hunter  mentions  that,  in  his 
experiments,  one  of  the  hybrid  pups  resembled  the  wolf  luuch  more 
than  the  re&t  of  the  liUer ;  and  we  are  informed  by  Wiegmann,  that.  Id 
»  Utter  hdely  obtniMd  in  tlw  Kof  «1  limagerid  at  B«rliii,  from  a  wl^Ue 
powtor  snd  a  ahe-wol^  two  of  tha  eubs  roBombled  tho  eominoa  ivolMeg, 
but  the  third  was  Vkt  a  pointer  with  hanging  «are. 

TheM  is  uadNihtedly  a  vtry  oUmo  anfllogjr  between  these  phenomena 
and  those  presented  by  the  intermixture  of  diatinot  races  of  tli  >^me 
species,  both  in  the  inferior  animals  and  in  man.  Dr.  PrichanJ,  io  hia 
«  Physical  History  of  Mankind,"  cites  examples  where  the  peculiarities 
of  the  parents  have  been  transmitted  very  unequally  to  the  offspring ; 
as  where  children,  entirely  white,  or  pertecUy  black,  liavo  Bprung  from 
the  union  of  the  Enro|)euu  and  the  nei?ro.  Sonieiimts  fin*  colour  ui 
other  peculiarities  ul  one  parent,  after  having  failed  to  show  liiemsclves 
in  the  immediate  progeny,  reappear  in  a  subsequent  generation ;  as 
where  a  white  child  Is  born  of  two  black  pareuts,  the  grandfather  ha\iu<> 
been  a  white.f 

The  same  anthor  judiciously  observes  that,  if  different  species  mixed 
thcsr  bleed,  and  hybrid  noes  were  often  propagated,  the  animal  world 
would  soon  pmasnt  a  scene  of  oonfiisbn ;  its  tribes  wouM  be  oveiy  where 
Idended  together,  and  we  shovld  perhaps  find  more  hybrid  creatnn» 
than  genuine  and  nncorruptcd  races.^ 

Hybrid  ylants. — Kdlreuier^s  experimentai—lLh»  histoiy  of  the  Teg<e* 
table  kingdom  has  been  thoun^ht  to  aff3rd  more  decisive  evidence  in 
favour  of  the  theory  of  the  formation  of  new  and  permanent  spec^ies 
from  hybrid  stocks.  The  first  accurate  ex|>criments  in  illustration  of 
this  enroll-  subject  appear  to  have  been  made  by  Kolreuter,  who  ob- 
tAiiKii  a  iiybild  from  two  species  of  tobacco,  jVicotiaria  rustim  and  3'. 
paniculala,  which  diil'er  greatly  iu  the  bhape  of  their  leaver  the  colour 
of  the  corolla,  and  the  height  of  the  stem.  The  stigma  of  a  plant  of  iST. 
ru$ika  was  impregnated  with  the  poUen  of  a  phmt  of  JV.  ptmiadata. 
The  seed  ripeiisd,  and  produced  a  hybrid,  which  wm  inlermediste 
between  the  two  parents,  and  which,  like  all  the  hybrids  which  this 
botanist  Wught  up,  had  imperfect  stamens.  He  afterwards  impreg- 
nated this  hybiid  i^lh  the  pollen  of  N.  jmniculata,  and  obtained  plants 
which  muoh  more  resembled  the  last*  Tliis  lie  continued  through 
several  generations,  until,  by  due  perseverance,  he  actoally  changed  the 
^icotiana  rusti^'a  into  the  jVicotiana  panicnlata. 

The  plan  of  impregnation  adopted,  was  the  ouUing  off  of  the  anthers 

•  Phil  Trans.  1787..  Addiuoiuil  iiemarks,  PiiiL  Trans.  1789.  8e«  also  £atav« 
by  the  luto  Dr.  Samuel  G.  Morton,  on  Prolifia  Bjtrida,  dc;  and  on  HybiuSty 
as  a  Tost  of  Species. — American  Jonm.  of  Science  Tol*  ili.  1847. 

f  frichord,  voL  L  p^  217.  ^  Ibid.  p.  97. 
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of  the  plant  intended  for  fnietificatton  befoz«*thay  had  aM  poUiB}  Mid 

then  laying  on  foreign  pollon  upon  the  stigma. 

Wtegmatnt^g  erperinifTits.' — Tlio  same  exporimont  has  j^inro  been 
repeated  wiih  suwes-s  by  \\  i-  irmanu,  who  t'ouod  that  he  could  bring 
back  the  liybrid.s  to  the  exact  likeu^^a  of  oitiier  jMurenty  by  crossing  them 
a  jMilhcieut  numbvr  of  times. 

The  blending  of  the  characters  of  the  parent  stocks,  in  many  oUier 
cf  Wiegouuin*«  «xp«diiMBta|  wm  ooaip)«te ;  Ui«  ooloiirwui  shape  of  the 
Iwm  Md  flowMi  Mid  erea  tbe  8oeBl»  being  inteinediatof  m  ia  th« 
«ftprittg  <tf  the  two  apedM  of  veiUwnBi.  Aa  intorBMiiage,  ako^  bo- 
twowi  tho  oommon  onion  and  the  l(^k  {MKum  cepa  Mid  A.  pwrtm) 
§vn  a  mule  plant,  which,  in  the  character  of  its  leaves  and  flowers, 
approached  most  nenrly  to  tbe  gavdw  oniony  but  badiba  ekuigated 
bulbous  root  and  smell  of  the  leek. 

The  same  botanist  remarks,  that  ve2:otnblo  liybricl-,  when  not  strictly 
intermediate,  more  frequently  appr  ia  -h  the  female  than  the  male  parent 
species;  but  (/n>/  never  exfUbiL  tkamcUrs  foreif/n  (o  Loth.  A  re-cros.s 
with  one  of  tlie  onguiaJ  &lockj»  geucrally  causes  the  mule  plant  to  revert 
towards  that  stock ;  but  this  ia  not  always  the  case,  the  o&pring  somo* 
tUDM  conlgmiiig  to  exhibit  the  character  of  a  full  hybrid. 

la  geoenl,  the  auooeia  atteodiog  the  production  and  perpetnity  of 
hjbridft  among  pUntedapeodB,  m  in  the  minial  kiagdoiD,  on  the  degree 
<i  pnndmity  between  the  apeoiee  iatenaattied.  If  their  organization  be  ' 
rery  reniote,  impregnation  never  takes  place ;  if  somewhat  less  distant, 
seeds  are  formed,  but  always  imperfect  and  sterile.  The  next  degree  of 
relationship  yields  hybrid  scfd lings, but  these  are  barren  ;  audit  i:3only 
wh'  ii  !}]>'  parent  species  are  very  nearly  allied  that  the  liybrid  race  may 
be  perpetuated  for  several  generations.  Even  in  this  case  the  best  au- 
thenticated examples  seem  confined  to  the  crossing  of  hybrids  with 
individuals  of  pure  breed.  In  none  of  the  e-vperimeuti  most  accurately 
detailed  docs  it  appear  that  both  the  parents  were  mules* 

Wiogmaaa  divenifled  na  mneh  as  possible  his  mode  of  bringing 
about  tbeia  irregular  unions  among  plants.,  He  often  sowed  pstallei 
Towa,  Bsnr  to  each  other,  of  the  speoiesXiom  which  he  desired  to  breed; 
and,  iastsad  of  mutilating^  after  Kolreuter^s  fashion,  tbe  plants  of  one 
of  the  parent  stocks,  he  mevely  washed  the  pollen  off  their  anthers. 
The  branches  of  the  plants  in  each  row  were  then  gently  bent  towards 
each  other  and  intertwined ;  so  that  the  wind,  and  numerous  insects,  as 
they  pa^od  from  the  flowers  of  one  to  those  of  the  otiier  species,  carried 
the  pollen  and  produced  fecundation. 

Vi'tfelobh:  liuhrids  mJiy  rare  in  a  wild  state. — Thu  >ain  ■  observer  saw 
a  good  exuuipiiiicaiion  of  the  manner  iu  which  hybrids  may  be  lbrme<liu 
a  state  of  nature.  Some  waU^wers  and  pinks  had  been  growing  in  a 
garden,  in  a  dry  sunny  ntnation,  and  their  stigmaa  had  heen  ripened  so 
aa  to  be  meiati  and  to  absorb  pollen  with  avidity,  althouj^  their  anthets 
were  not  yet  developed.  These  stigmas  became  impregiiated  by  pollen 
blown  from  aoina  othsr  adjaoent  ^sata  of  the  same  spedues;  but  had 
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ihej  been  of  diiTerent  species,  and  not  too  remote  in  their  oigtniintioni 

mule  races  must  havo  resulted. 

When,  indeed,  we  consider  how  busilysomo  insects  bnvo  hf»<^n  shown 
to  bo  engaged  in  conveying  anther-dust  from  llower  to  riower,  especially 
beee,  flower-eatin»  beetles,  and  the  like,  it  seems  a  most  enigmatical 
problem  how  it  Qim  liappen  liiut  promiscuous  alliaaced  between  disiiuci 
species  are  not  perpetually  oceorring. 

How  oootimiiilly  do  we  obeem  the  beei  diligently  employed  in  eoI« 
leeting  the  led  and  yeUow  poirder  by  which  the  etamene  of  flowen  ue 
oovered,  loading  it  on  thmr  hind  legs,  and  eanyingit  to  Iheir  hife  fat 
the  purpose  of  feeding  their  young  t  In  thus  providbg  Ibr  thdr  own 
progeny,  these  iaaecte  assist  materially  the  prooess  of  fructifieatioB.* 
Few  penons  need  be  reminded  that  the  stamens  in  certain  plants  grow 
on  different  blossoms  from  the  pistils;  nn-!  unless  the  summit  of  the  pis- 
til be  touched  v.  ith  the  fertilizing  dust,  the  fruit  does  not  swell,  nor  the 
seed  arrive  at  maturity.  It  is  bv  the  help  of  bees  chietly,  tint  the  deve- 
lopment of  the  fruit  of  many  such  species  is  secured,  the  jMjwiler  which 
they  have  collected  from  the  stamens  being  unconsciously  left  by  them 
in  visiting  the  pistils. 

How  often,  during  the  hrat  of  a  niminer^s  day,  do  we  see  the  males  of 
dioedons'pIantB^  such  as  the  yew-tree,  standing  separate  froon  the  ftmaks, 
and  sending  off  into  the  air,  upon  the  slightest  breath  of  wind,  donds  of 
bnoy ant  pollen !  That  the  aephyr  should  so  raidy  intervene  to  feeondato 
the  plants  of  one  species  with  the  anther-dust  of  otheis,  seems  ahnoitto 
realize  the  convene  of  the  miracle  believed  by  the  crednloos  herdunen 
of  the  liusitanian  mares — 

Ore  omnes  vensa;  iu  Zcphyium,  gtoxit  rupibus  allts 
Exceptantqne  Iev«»  auras:  «t  Kspe  mm  \x\\k 
Couio^pM,  vento  gravida^  mitabile  dicta.f 

But,  111  ihe  hrst  place,  it  appears  that  there  is  a  n;uurai  aversion  in 
plants,  as  well  as  in  animals,  to  irrcgiUar  sexual  unions ;  and  in  mo^t  of  the 
suooessfnl  experiments  in  the  animal  andyegetable  worid,8omerieleiios 
has  been  used  in  order  to  procure  impregnation.  The  stigma  imUbes, 
slowly  and  reluctantly,  the  grannies  of  the  pollen  of  another  specks, 
even  when  it  is  abundantly  covered  with  it;  and  if  it  happen  that,  dur- 
ing this  period,  ever  so  slight  a  quantity  of  ihe  anther-dust  of  its  own 
speciea  alight  upon  it,  this  is  instantly  absorbed,  and  the  effect  of  the 
foreic^  pollen  destroyed.  Besides,  it  does  not  often  happen  that  the 
male  and  A-male  organs  of  fructification,  in  different  speeie^,  arrive  at  a 
titate  of  maturity  at  precisely  the  same  time.  Even  wlu  re  such  syn- 
I  lironism  does  prevail,  so  that  a  cross  impreguation  is  effected,  the 
chaneeii  are  very  numerous  against  the  establishment  of  a  liybrid  race. 

If  we  consider  tjio  vegetable  kingdom  generally,  it  must  bo  recollected 
that  even  of  the  seeds  which  are  well  ripened,  a  great  part  are  either 

•  8ssB«vtonontfasOeogf^yefFhBt^pi69.  f  Oeoig^  lib^  iii*  SVt> 
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ettan  hy  iosecte,  bifdi,  ud  other  anuDais,  €9  deeaj  for  want  of  room 
and  opportunity  to  germinate.  UnhealUiy  plauta  are  the  first  which  aie 
cut  off  by  causes  prejudicial  to  the  epecios,  being  usually  stifled  by  more 
figoroiui  individuab  of  their  own  kind.  If,  therefore,  the  reUtive 
feoundity  or  liardiness  of  hybrids  be  in  the  leait  degree  inferior,  they 
cannot  maintain  their  footiriLT  for  many  generations,  even  if  they  were 
ever  pro<Jur«  rl  beyond  one  generation  in  a  wild  state.  In  the  universal 
striKjLrl'  1  r  rxistence,  the  right  of  the  strongest  eventually  prevails ; 
and  the  --t  r.  ii'n;tli  and  durability  of  a  race  depend  mainly  on  its  prolific* 
ness,  in  which  hyhridfs  arc  ackjiowledged  to  be  deficient. 

Caitaurta  hybrida^  a  jWaiit  which  never  bears  seed,  ar.c  is  supposed 
to  be  produced  by  the  frequent  intermixture  of  two  well-known  q»6^ 
of  Centaufea,  growe  wild  upon  a  hill  near  Turin.  JUxnunculta  lacerutf 
aho  sterile,  has  been  produced  aeddentally  at  Grenoble^  and  near  Fwm, 
by  the  union  of  two  Ranunculi;  but  this  occurred  in  gardens.* 

Mr,  JBierhartt  ixpaiminti^ — r.  Herbert,  in  one  his  ingenious 
papers  on  mule  plants,  endeavors  to  account  for  their  non-occurrence 
m  a  state  of  nature,  from  the  circumstance  that  all  the  oombiuations 
that  were  likely  to  occur  have  already  been  made  many  centuries  ago, 
and  have  formed  the  various  species  of  botanists  ;  but  in  our  iifardens, 
be  pavp,  wlionever  species,  having  a  certain  degree  of  aftinity  to  «'neli 
other,  are  transported  from  different  countries,  and  brought  for  the  tirst 
lime  into  contact,  they  give  rise  to  hybrid  species.f  But  wo  have  no 
data,  as  yet,  to  warrant  the  conclusion,  that  a  single  permanent  hybrid 
race  has  ever  been  formed,  even  in  gardens,  by  the  intermarriage  of  two 
allied  species  brought  from  distant  habitations.  Until  some  foot  of  this 
land  is  fiurly  established,  and  a  new  species,  capable  of  perpetuating 
itself  in  a  state  of  perfect  independence  of  man,  can  be  pointed  out,  it 
seems  ressonable  to  call  in  question  entirely  this  hypothetical  source 
of  new  species.  That  ?arieties  do  sometimes  spring  up  from  cross- 
breeds,  in  a  natural  way,  can  hardly  be  doubted ;  but  they  probably  die 
oat  even  moro^  rapidly  than  races  propagated  by  grafts  or  layers. 

Opinion  of  De  CandoUe. — Do  Candolle,  whose  opinion  on  a  philo- 
sophical question  of  this  kind  deserve*  the  greatest  attention,  has  ob- 
served, in  his  Essay  on  l^ntanical  Geography,  that  the  rariffi-'H  oC  plants 
range  themselves  under  two  gen«Mal  heads  :  those  pro<iuced  by  external 
circumstances,  and  those  formed  by  hvbridity.  After  adducing  various 
arguments  to  show  that  neither  of  these  causes  can  explain  the  perma- 
nent diversity  of  plants  indigenous  in  dificrent  r^ions,  he  says,  in  regard 
.to  the  crosRi^ of  races,  I  can  perfectly  oomprahend  witimut  altog^lier 
sharing  the  opnion,  that,  where  many  species  of  the  same  genera  occur 
near  togetW,  hybrid  species  may  be  formed,  and  I  am  aware  that  the 
grsat  number  of  species  of  certain  genera  which  are  found  in  particular 
rdgiooa  may  be  exphnned  in  this  manner ;  but  I  am  unable  to  conceive 
how  any  one  can  r^rd  the  same  eiplanation  as  applicable  to  speoiea 

•  Hon.  end  Rev.  W.  U«rb«r^  Hort  Tnm^  toL  ir.  p.  41.        f  Ibi4 
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wluoli  attnrally  at  great  distances.  If  tbc  tliree  hiroliea,  for  exam* 
pie,  now  known  in  the  world,  lived  in  the  same  iocaliti^^  I  might  then 
believe  that  one  of  thorn  was  the  produce  of  tin*  croswinc^  of  the  two 
others  ;  but  I  never  could  admit  that  tlie  Rilieri.in  sjwcies  has  been  pro- 
duced bv  tlie  crossinf^  of  tlx^*^'?  of  Kuropi'  America.  I  see,  then, 
that  there  exist  in  orn^anized  beiiit^.s,  p«jrniaiieiit  ditierences  wliich  cxinnot 
be  referred  to  any  one  of  the  actual  causes  dL  variation,  and  these  di^ 
ferencea  are  what  coii&titute  species^*  < 

Heality  of  $pecie»  tonfirmid  by  thepkanmima  of  hgbtSdHf^Thnwtoik 
decisive  arguments  perhaps,  amongst  mny  otbers  agaiufe  tbe  yiftbilifliiy 
of  tiM  derWafeion  oC  pannaiMot  speoies  ftom  ciMi>bra6di,  im  to  be 
dmwB  fiom  tlie  ftet  alluded  to  liy  De  CaDdoM%  of  tpeeiai  hmiwg  a 
okwe  affinity  to  each  other  occurring  in  distiact  botanical  provinces,  or 
countries  inhabited  by  groups  of  dietiiifit  tpecies  of  indigenous  plants ; 
for  in  this  case  naturalists,  who  are  not  prqiared  to  go  the  whole  length 
of  the  transmutatiouists,  arc  under  tin?  nccessitv  of  admitting  that^  in 
some  e?i'^es,  species  which  approach  very  near  to  each  other  in  their 
characters,  were  so  created  from  their  orij^in  ;  an  admission  tatal  to  the 
idea  of  it»  being  a  general  law  of  nature  that  a  few  original  typos  only 
should  be  formed,  iind  that  all  intermediate  races  should  spiring  from 
the  intermixture  of  thoae  stocks. 

This  aotioD,  indeed,  is  whollj  at  ▼ariaace  with  all  that  we  kaoir  of 
hybrid  generation ;  tot  the  pKeaomeaa  eatttle  m  to  affiim,  that  had  the 
types  been  at  fiist  aomewbat  diatineti  aa  emt^httdt  voM  ettr  kmm 
ietm  ^miuetd^  much  lees  those  ptoMo  noes  vhich  we  noir  laQogniaftas  • 

In  Kgard,  moreorer^  to  the  permanent  piopagatioQ  of  hybrid  laeca 
among  animals^  insuperable  ditUculties  present  themselves,  when  we 
endeavor  to  conci^ive  the  blending  together  of  the  different  instincts  and 
propensities  of  two  8p<'f  i»'s,  so  as  to  insure  tlie  preservation  of  the  inter- 
in<'<!irite  rare.  The  <  unmou  mule,  when  obtained  by  human  art,  may 
be  protected  by  the  power  i  f  man;  but,  in  a  wild  state,  it  would  not 
have  precisely  the  same  wauU  either  as  the  hors<3  or  tlio  ass;  and  if 
in  consequence  of  some  diti'ereuce  of  this  kind,  it  strayed  from  the  h«trd, 
it  would  soon  be  hunted  down  by  beasts  of  prey,  and  destroyed. 

If  we  take  some  genus  of  inseots^  euoh  as  the  bee»  we  find  that  aaoh 
of  the  nnmeioiis  apeoiea  baa  some  diflteieiiee  in  tia  hahilsi  ita  mode  of 
collecting  hooey,  or  eoosiructbg  its  dwelliag,  or  prondingiiBrita 
and  other  particulars.  In  the  ease  of  the  flfmamon  Uve  bee,  the  anadbm 
are  described,  by  Kirby  and  Spence,  as  being  endowed  with  na  less , 
than  thirty  distinct  in8tineta.f  JSo  also  wa  fiad  that,  amongst  a  molt 
numerous  class  of  spiders,  there  are  nearly  as  many  different  modes  of 
spinning  their  wel^  as  there  are  species.  When  we  recollect  how  com- 
pUcatod  are  the  relations  of  these  inatiDota  with  oo-ezistiag^peoiee|  both 

*  Eesai  Eltoentaire,  Ac,  8me  partle. 
f  Intr.  to  Eotom.  vol.  iL  ]^  604.  ed.  1817 
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«f  the  aiiimal  and  vegetable  kingdomty  it  it  lottroaly  potdbk  to  imaipM 
tliat  a  btttard  laoo  oould  spring  from  the  union  of  two  of  th^  specioiy 
and  letain  jurt  €0  mooh  of  the  qualities  of  each  paiint  stock  as  to  pra* 

aenre  its  ground  in  spite  of  the  dangers  which  aurround  it 

We  mifjht  also  ask,  if  a  few  generic  tyi>os  alone  have  been  created 
amoog  insects,  and  tbo  intermediate  spcci<'<^  hnvo  yirrvrooflr^tl  from 
bybridity,  where  are  those  original  types,  combiuing,  as  they  ought  to 
do,  the  eleinenta  of  all  the  instincts  which  have  made  their  appearance 
in  liie  numerous  derivative  races  i  So  also  iu  regard  to  animals  of  all 
ela&aeS)  and  of  plants ;  if  species  are  in  genaral  <i  hjhnd  origin,  Trhere 
are  the  stocks  ivbicfa  eomMiio  in  themselves  the  habHs,  properties,  and 
ergaus,  of  which  all  the  interveiiing  species  ought  to  aflbrd  »  meM 
modifieattooe  t 

JSengtUuhUmcf  tk$  anfumiUt  from  hpMdtf^l  shall  now  oonchide 
this  subject  by  aumnsiiigiip,  ill  a  ^bw  wofdS)  the  results  to  which  I  have 
been  led  by  the  consideration  of  the  phenomena  of  hybrids.  It  appears 
that  the  aversion  of  individuals  of  distinct  species  to  the  sexual  union  is 

common  to  animals  and  plants ;  and  that  it  is  only  when  the  species 
nppronf'h  near  to  each  other  in  their  organization  and  habits,  that  any 
oftspriiiL:  are  pro<UicM  from  their  connexion.  Mules  are  of  extremely 
rare  occurrence  in  a  state  of  nature,  and  no  example?*  are  yet  known  of 
their  having  procreated  in  a  wild  state.  But  it  has  been  proved,  that 
hybrids  arc  not  universally  sterile,  provided  the  parent  stocks  have  a 
near  affinity  to  each  other,  although  the  contiimatioii  of  the  mixed 
laee^  for  several  genentiens,  appears  hidieito  to  have  been  ohtahrad 
only  b)  crossing  the  hybrids  with  individnab  of  pure  species;  aa 
ssperiment  which  by  no  means  beais  ont  the  hypothesis  thai  a  tme 
hybrid  race  conld  ever  be  pennanently*  established. 

Hence  we  may  infer,  that  averncn  to  sexual  interoeurse  is,  in  gene> 
nd,  a  good  test  of  the  distinctness  of  original  stocks,  or  of  spetitt ;  and 
the  procreation  of  hybrids  is  a  proof  of  the  near  affinity  of  specie*?.  Per- 
haps, hereafter,  the  number  of  generations  for  which  hybrids  inny  b^ 
continued,  befor»^  the  race  dies  out  (t  >r  it  -i  pms  usually  to  degenerate 
rapidly),  may  atiord  the  zoologist  and  botanist  an  experimental  test  of 
the  difference  in  the  degree  of  atliniiy  of  allied  species. 

I  may  also  remark,  that  if  it  could  have  been  shown  that  a  single 
pernianeut  Bpecies  had  ever  been  produced  by  hybridity  (of  which  titers 
is  no  sattsSMstory  proof),  it  might  certainly  have  lent  some  countsnance 
to  the  notions  of  the  ancients  respecting  the  gradual  deleri^wation  cf 
ereited  things,  hot  none  whatever  to  l4miarck*s  tiieory  of  tiieir  progns- 
sifie  perfeotibilityt  ^  observations  have  hitherto  shown  that  there  is  a 
tendency  in  mnle  animak  and  plants  to  degenerate  in  organization. 

It  was  before  renuvked,  that  the  theory  of  progressive  devetopment 
arose  partly  from  an  attempt  to  iagiaft  tihedo^rines  of  the  transmuta- 
tionists  upon  one  of  the  most  popular  generalizations  in  geology.  But  wo 
have  seen  in  the  ninth  chapter,  that  the  modern  rese?ir<^l!Os  of  rroologists 
have  broken  at  many  points  the  chain  of  evidence  once  supposed  to  ex- 
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iatin  favor  of  the  doctrine,  that,  ni  ea^h  s!irressi?e  period  in  the  earlh'i 
history,  animals  and  plants  of  a  higher  ^ra  h  ,  or  moro  coinplex  rrjan- 
ization,  have  been  created.  The  recent  origin  of  man,  and  ili"  abaence 
of  all  signs  of  any  rational  heing  liolding  an  analogous  relation  to  for- 
mer states  of  the  animate  world,  aQbrds  one,  and  perhaps  in  the  present 
state  of  science  the  only  argument  of  much  weight  in  support  of  the 
hypotheais  of  a  progresaiTO  acbeme ;  but  none  wbate?er  in  fiivor  of  Uie 
fimcied  evohition  of  one  tpecies  ont  of  anolher. 

TkiOfy  of  the  gradoHon  nf  mteUeet  at  ikovn  k§  tht  facial  OMgUi^ 
When,  the  celebmted  anatomist,  Cftmper,  fint  attempted  to  eelimate  the 
degrees  of  sagacity  of  different  animala,  and  of  the  nuses  of  man,  by  the 
messnrement  of  the  facial  angloi  some  speculators  were  bold  enough  to 
affirm  that  certain  Simise,  or  apes,  differed  as  little  from  tlte  more 
races  of  men,  as  those  do  from  the  human  race  in  cfcneral ;  and 
that  a  scale  might  be  traced  from  *' a])es  with  foreheads  villanous  low*' 
to  the  African  variety  of  tlie  human  species,  and  from  that  to  the  Euro- 
pean. The  facial  angle  was  measured  by  drawing  a  line  from  the  pro- 
minent centre  of  the  forehead  to  the  most  advanced  part  of  the  lower 
jaw-bone,  and  observing  the  angle  which  it  made  with  the  horizontal 
line ;  and  it  was  affirmed,  that  Uieie  was  a  regular  series  of  snch  anglfla 
from  birds  to  the  mammalia. 

The  gradation  from  the  dog  to  the  monkey  was  said  to  be  petfiset, 
and  from  that  again  to  man.  One  of  {he  ape  tribe  has  a  facial  angb  oC 
42° ;  and  another,  which  approximated  nearest  to  man  in  figure,  an 
angle  of  50°.  To  this  sneceeds  (longo  sed  proximus  intervallo)  the 
head  of  the  African  negro,  which,  as  well  as  that  of  the  Calmuck, 
forms  an  angle  of  70°  ;  while  that  of  the  European  contains  80°.  The 
Roman  painters  preferred  the  anjjle  of  95° :  and  the  character  of  beauty 
and  sublimity  so  striking  in  some  works  of  Grecian  sculpture,  as  in  the 
head  of  the  Apollo,  and  in  the  Medu»a  of  Sisocles,  is  given  by  an  angle 
which  amounts  to  100^,* 

A  great  number  of  valuable  facts  and  curious  aualogica  in  coinpara- 
*  tive  anatomy  were  brought  to  light  during  the  investigations  which 
were  made  by  Camper,  John  Hunter,  and  oihera»  to  iUostrate  this  aeale 
of  organisation ;  and  thdr  iacts  and  generalisations  must  i^t  be  oon- 
founded  with  the  fancifbl  systems  which  White  and  others  deduced 
from  theni.f 

That  there  js  some  conn«don  between  an  etevated  and  capacious 

forche;i  1,  in  certain  races  of  men,  and  a  laqpe  developomont  of  the  intel- 
lectual laculties,  ceems  highly  probable  ;  and  that  a  low  filial  angle  is 

frequently  accompanied  with  inferiority  of  mental  power?,  is  certain ; 
but  the  attempt  to  trace  a  gradual  sctile  of  intellirrence  throu<;h  the  ditlicT 
entspecies  of  animals  accompanying  the  moflifi^'ations  of  the  form  of  the 
scull,  is  a  mere  visionary  speculation.   It  has  been  found  necessary  to 

*  raofaard'B  Phys.  UiBt.  of  Mankind,  vol  L  pi  169. 
f  Gb.  Wbite  on  the  Kegutar  OnMlatioa  in  llsa,  ^  17Ml 
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o^gente  tiieiagidty  of  the  ape  tribe' at  the  egponse  of  the  dog ;  and 

rtiange  contradictions  have  arisen  in  the  coiicluaio&s  deduced  from  the 
■tmetate  of  the  elephant ;  some  anatomists  being  disposed  to  deny  the 
quadruped  the  intelligence  which  he  leally  potseteee,  because  thcj 
found  that  the  volume  of  his  brain  was  small  in  comparison  to  that  of 

.  the  other  mammrUia ;  while  others  were  inclined  to  mat^^nify  exlrava-  » 
cjantly  the  superiority  of  his  intellf^ct,  because  the  vertical  height  of  hi| 
skull  is  so  Great  when  compared  to  its  horizontal  length 

Difj'trt  ui  races  of  men  are  all  of  one  speeie$. — It  would  be  irrelevant 
to  our  subject  if  we  were  to  enter  into  a  farther  discussion  on  these 
topics ;  because,  even  if  a  grsdnated  scale  of  oiganization  and  intelligence 
ooold  have  been  established,  it  would  prove  nothing  in  fitvor  of  a  ten- 
dency, in  each  species,  to  attain  a  higher  state  of  periection.  I  nay 
refer  tiie  reader  to  the  writings  of  Blumenbadi,  Pricihiad,  lAwrenoe,  and 
move  recently  Latham*,  for  convincing  proofr  thai  the  varieties  of  foim, 
color,  and  organization  of  different  races  of  men,  are  perfectly  consistent 
with  the  generally  received  opinion^  that  all  the  indivUuals  of  the  impedes 
have  originated  from  a  sino^le  pair ;  and,  while  they  exhibit  in  man  as 
many  diversities  of  a  y>)ivsiological  nntumas  appear  in  any  other  species, 
they  couUrm  also  tlie  o[)iniou  of  Uie  slight  deviation  from  a  common 
standard  of  wliicii  species  an^  capable. 

•  The  power  of  existing  and  mulliplying  in  every  latitude,  and  in  every 
variety  of  situation  and  climate,  which  has  enabled  the  great  human 
fiunfly  to  extend  itself  over  the  habitable  globe,  is  partly,  says  Lawrence, 
the  result  of  physical  constitution,  aid  partly  of  the  mental  prerogative 
of  man.  K  he  did  not  possess  the  most  enduring  and  flexiUe  corporeal 
frame,  his  arts  would  not  enable  him  to  be  the  inhabitant  bf  all  dimates^ 
and  to  brave  the  extremes  of  heat  and  cold,  and  the  other  de??tnictive 
influences  of  local  situation.!  Yet,  notwithstanding  this  flexibility  of 
bodily  frame,  we  find  no  signs  of  indefinite  departuni  from  a  common 
standard,  and  the  intermarriages  of  individuals  of  the  most  remote 
varieties'  ar<'  not  lrs<:  fruitful  than  between  those  of  the  same  tribe. 

Tiedcmann  oi>  tlir  brain  of  the  foetus  in  vertebrated  animals. — There 
is  yet  another  dejuirtmcnt  of  anatomical  discovery  to  which  I  must 
allude,  because  it  lias  appared  to  some  persons  to  afiford  a  distant  ana- 
logy,  at  least,  t*:  that  progressive  development  by  which  some  of  the 
inlisrior.  ^edea  may  have  been  gradually  perfected  into  those  of  more 
complex  organixatioo.  Tiedemann  found,  and  his  discoveries  have  been 
most  fiilly  confirmed  and  elucidated  by  M.  Serre^  that  the  brain  of  the 
fietus,  in  the  highest  class  of  vertebrated  animalsi  assumes,  in  sucoesrioo, 
fimns,  bearing  a  certain  degree  of  resemblance  to  those  which  belong  to 
fishes,  reptiles,  and  birds,  before  it  acquires  the  additions  and  modifica- 
tions which  arc  peculiar  to  the  mammiferous  tribe  ;  so  that,  jd  tb.>  pjissago 
from  the  embiyo  to  the  perfect  mammifer,  thoro  is  a  typical  representa- 

•  R  Q.  Latham,  The  >at.  Hist  of  the  Varieties  of  Man,  8vo.  London.  18fia 
f  JjLirMnMt  LeetOMS  on  Fbys,  ZooL  sodNsi  HisC»  of  Uan,  p.  IMi  Ed.  18S& 
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tion,  It  ja  aaid,  of  au  those  trassformatioiis  which  the  primitive  speciei 
are  suppof^d  to  hfive  undei^one,  during  <i  long  series  of  genentHiiM^ 
between  the  pre:*«'nt  jwriod  and  the  remotest  ideological  era. 

"  If  you  examine  the  brain  of  the  mammalia,''  says  M.  Serrcs,  n\  mi 
tjarly  stage  of  uterine  life,  you  perceive  the  cerebral  heraiBphcr  ^  r.  n>aU- 
dated,  as  in  tisli,  in  two  vesiclcji,  iholuted  one  from  the  other  ;  at  a  later 
^'riod,  you  see  them  affect  the  configumtioii  the  cer^ral  bemispheres 
of  reptiles ;  still  kiter  again,  they  pi«aeiit  you  with  tho  fbmu  of  thoM  o£ 
bads;  fioaUy  they  acquire,  at  tlie  «m of  biitli,  and  nomfltimwi  iatafi  the 
peniuaieiit  ftmns  whidi  the  adult  mammidia  pneait 

"Tho  oenibral  hemiBphensy  than,  aniv«  at  tliA  atate  whidi  we  ofaMsre 
in  tha  highar  animals  only  by  a  series  of  aoooaarira  metamorphoses;  If 
we  reduce  the  whole  of  theae  evolutions  to  foor  peiioda,  we  shaU  see, 
that  in  the  first  are  bora  the  cerebral  lobes  of  fishes ;  and  this  takes  pUoe  ^ 
homogeneously  in  all  (•las>i<'s.  The  second  period  ^411  give  us  the  orga- 
nization of  reptilcB ;  t)ic  thinl,  the  brain  of  birds}  and  tho  fourth,  tho 
oomplex  hemispheres  of  mammalia. 

"  If  we  covikl  tlevclope  the  ditlerent  part.s  of  the  brain  of  the  inferior 
classes,  we  should  make,  in  succcs^iiou,  a  reptile  out  of  a  ti:ili,  a  bird  c>ut 
of  a  reptile,  and  a  mammiferous  quadruped  out  of  a  bird.  on  the 
oontiaiy,  we  eoold  atarve  this  oigan  in  tlra  mammalia,  we  might  laduse 
it  auooeaaively  to  the  condition  of  the  biain  of  the  three  inferior  claanw.  a 

Nature  often  pnaenta  na  with  thia  laat  phenomenon  in  monaten^  hot 
never  ediilata  the  fii^t  Among  the  ▼arioua  deionnitiea  which  otgaaiaed 
beings  may  experience,  they  nerer  faas  the  limita  of  their  own  dixies  to 
put  on  the  forma  of  the  class  above  them.  Never  does  a  fish  devate 
itself  so  as  to  assume  the  fonn  of  the  brain  of  a  reptile;  nor  does  the 
latter  ever  attain  that  of  birds  ;  nor  the  bird  that  of  the  mammifer.  It 
may  happen  that  a  monster  may  have  two  head??;  but  tli-  •  onforrostion 
of  the  brain  always  remains  oiicumscribed  narrowly  within  the  Imita  of 
its  ela'is;'* 

Dr.  c  lai  k  of  Cambridge^  in  a  memoir  on  "  Fcetal  Development"  (1845), 
has  shown  that  the  coneurreut  labours  of  Valentin,  Ratke,  and  Bischoff 
disprove  the  reality  of  the  supposed  anatomical  analogy  between  the 
embryo  condition  cotain  organa  in  the  higher  orders,  and  the  perfect 
structure  of  the  same  oigans  in  mnmab  of  an  inferior  data.  The  hearts 
and  brains,  for  example,  of  birda  and  mammals  do  not  pass  through 
forma  which  are  permanent  in  fiahei  and  reptilee;  there  ia  only  just  eo 
much  resemblance  as  may  point  to  a  unity  of  plan  running  thnugh  the 
organization  of  tlir^  ^^-]u  )]e  st  rips  of  vertebrated  animala;  but  which  lends 
no  support  whatever  to  the  notion  of  a  gradual  transmutation  of  one 
species  into  another ;  least  of  all  of  the  passage,  in  the  coun?e  of  manv 
generations,  from  an  animal  of  a  more  simple  to  one  q(  a  mote  complex 
structure. 

*  £L  B.  A.  ii^rrcs,  Anatomie  eompor^  da  Cervean,  iUoctrated  by  aomeroiu 
pUte^  tome  i  1884. 
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BeagnHUaium^Vor  the  nasoiiB,  thftrelbre,  detailed  In  Oob  and 
the  two  pteoediiig  ehapten,  we  may  draw  tlie  feUowing  inlianiieei  in 
v^gaid  to  the  reaUly  of  tpedet  m  natiile:— 

let  That  there  is  a  capadty  in  all  speciee  to  aooommodate  thomselvei^ 
to  a  certain  extent,  to  a  change  of  external  droametanoea,  this  eitent 
varying  greatly,  according  to  the  species. 

2ndly.  When  tho  change  of  situation  wliicli  they  can  endure  is  greatj 
it  is  irstinllr  :itt(  ridtxl  by  .some  modification!}  of  the  form,  rnlonr,  sizo, 
structure,  or  otli  r  jinrtifulars;  but  the  mutations  thus  superinduced  are 
governed  by  constant  laws,  and  tho  capability  of  so  vaiying,  forms  part 
of  the  permanent  specific  character. 

3dly.  Some  acquired  peculiiirities,  of  form,  structure,  and  instinct,  are 
timsmianble  to  Uie  o&pring ;  but  these  comist  of  txush  qualities  and 
.attributes  only  as  are  intimately  related  to  the  natmal  wants  and  propen- 
sitiea  of  the  species. 

4thly.  The  entire  Tanation  from  the  original  type^  which  any  giren 
kind  of  change  can  produce,  may  usually  be  effected  in  a  brief  period  of 
time,  after  which  no  fiuther  deviation  can  be  obtained  by  continuing  to 
alter  the  circumstances,  though  ever  so  gradually ;  indefinite  divergence, 
either  in  the  way  iji  impfOfcment  or  deterioration,  being  prevented,  and 
the  lexst  possible  excess  ^Mjond  the  denned  limits  being  istal  to  the  ex- 
istence of  the  individnnl. 

othly.  The  intermixture  of  di«tinr.t.  spfu^ios  is  swarded  against  by  the 
aversion  of  the  individuak  coiinH.-ing  them  to  sexual  union,  or  by  the 
sterility  of  tho  mule  offsprinj^.  It  does  not  appear  that  true  liybri  J  race* 
have  ever  been  perpetuated  for  several  generations,  even  by  the  assistance 
of  man ;  for  the  cases  usually  cited  relate  to  the  crossing  of  maizes  with 
individuals  of  pure  species,  and  not  to  the  intenniztuie  of  hybrid  with 
hybrid. 

6th]y.  Fkom  the  above  consideratiom^  it  appears  Aat  qieoies  have  a 
reel  existeuoe  in  nature;  and  that  each  was  endowed,  at  the  time  of  its 
creation,  with  the  attributes  and  <Miganisation  hy  which  it  is  now  distin* 
gashed. 
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LAWS  WBiOB  KtooiAiB  iHB  OBooftAraioAL  msoammw  OF  evwoMi 

Analogy  of  clinoate  not  attended  with  identity  of  species— Botanical  geography 
— gtattoM  H>Wt>WoM  DMttMt  prarimw  SndigwioQs  plaata^Yciito' 
tHHi  of  islands — ^Harin*  TtgtUttoii— In  irhat  manner  plants  becoma  dilhtsd 
— Effects  of  wind,  rivots,  Ttiarine  ourrenta — Agency  of  animals — Many  seed* 
pass  through  th«  stomaciis  of  animals  and  birds  undigested — ^Agency  of  man 
111  tlM  dispeiflioa  of  plants  both  ytHvatUaey  and  inroliintary^Iti  Analogy  to 
lluit  of  tJio  iaforiffir  «iiin*la 

Next  to  determining  the  qnestioti  \v}iet}i<T  j^pcie-s  Ivuve  a  real  existeuce, 
the  consideration  of  the  Ittws  wiiich  regulate  liieir  geoi^rapliical  distribu- 
tion is  a  subject  of  primary  importance  to  the  geologist.  It  is  only  b? 
studying  these  laws  with  attention,  by  olscrving  the  positions  which 
groups  of  species  occupy  at  present,  and  inquiring  how  these  may  be 
vaned  in  tbo  ooane  ui  timo  by  migmtions,  by  changes  in  physical  geo> 
graphy,  and  otber  oauBoa^  that  we  can  liope  to  km  whether  the  dmatign 
of  species  be  limited,  or  in  what  manner  the  state  of  the  saimste  woild 
b  affected  hj  the  endless  vicissitudes  of  the  inanimate. 

DiffertiU  rtgiom  inhabited  by  distinct  species. — ^Tliat  different  regions 
of  the  globe  are  inhabited  by  entirely  distinci  animals  and  plants,  is  a 
fact  which  has  been  familiar  to  all  naturalists  since  Buffou  first  jK)int<Hl 
out  the  want  of  specijic  identity  between  the  land  qua^Jrupxls  of  America 
and  those  of  the  Old  World.  The  same  phenomenon  has,  in  lafor  t'mw. 
been  forced  in  a  striking  manner  upon  our  attention,  by  the  exauiinituun 
of  New  Holland,  where  the  indigenous  species  of  animals  and  plants  were 
found  to  be,  almost  without  exception,  disUnct  from  those  known  in  other  » 
paiiaoifthe  woild. 

Bnt  thiB  eitent  of  this  paroelling  out  of  the  globe  amongst  diffisNBt 
naiUmif  as  the^  have  been  tamed,  of  plants  and  animals— the  amTensBlj 
of  a  phettomeaott  so  ettraoniinaiy  and  unexpected,  may  be  ooasidered  as 
one  of  the  most  intmstiDg  &ola  deariy  estaUished  bj  the  advance  of 
modern  science. 

Scarcely  fourteen  hundred  species  of  plants  appear  to  have  been  known 
and  described  by  the  Greeks,  Romans,  and  Arabians.  At  present,  more 
than  three  thoiisarifl  fspf'<M*>s  are  onnmeratod,  as  nativ(»of  ourown  islam!.* 
In  other  parts  ot  the  worM  t!jere  have  been  now  collected  (1846)  upwards 
of  100,000  species,  specimens  of  which  are  preserved  in  Eurvj^>cau  her- 
bariums. It  WH8  not  to  be  supposed,  therefore,  that  the  ancients  ^ould 
have  acquired  any  correct  notions  respecting  what  may  he  called  the 
geography  of  plants,  although  the  inflnanoe  of  climate  on  the  dunader 
^the  vegetation  oonld  hardly  have  escaped  their  observation. 

'  •  Barton's  Leotoret  on  the  Ooography  of  Plants  p.  a.  1887. 
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^teoedently  to  invotigfttioii,  tfaera  ms  no  naaon  for  pfMtuninf  that 
tbe  vegetable  productions,  gramag  wild  in  the  eastern  hemuphere, 

ihoold  be  unlike  thoso  of  the  western,  in  the  same  latitude ;  nor  tbal 
Che  plants  of  the  Cape  of  Oood  Hope  should  bo  unlike  those  of  the 
south  of  Europe  ;  situations  where  the  climate  is  little  dissimilar.  The  ' 
contrary  supposition  avouU!  have  seemed  more  probable,  and  we  might 
have  anticipated  an  almnst  prrfect  identity  in  the  animal'*  and  plants 
which  inhabit  corrfspondiiitf  j»arallfls  of  latitude.  Tiie  discovery,  there- 
fore^ that  each  s^paiate  rofji<^>n  of  the  ^dobe,  both  of  the  land  and  water, 

occupied  by  distinct  groups  of  species,  and  that  most  of  the  exoep*  » 
tioBB  to  this  general  rule  may  be  referred  to  cKsBemiuating  causes  now  in 
opention,  is  eminently  oalcnlated  to  exdte  curiosity,  and  to  stimulala 
as  to  seek  some  hypotheos  respdcting  the  fint  introduction  of  species 
which  may  be  feoondkaUe  with  sooh  phenomena. 

Botanical  geography* — A  comparison  of  the  plants  of  diflfinent  regions 
ef  tlw  globe  affords  results  more  to  be  depended  upon  in  the  present  state 
of  oar  laiowledge  than  those  relating  to  the  animal  kingdom,  •because 
the  science  of  botany  is  mor<!i  advanced,  and  probably  comprehends  a 
great  prop:>rtion  of  the  total  number  of  tho  v»'<f,.fable  productions  of  the 
whole  earth.  Humboldt,  in  several  elfxjueiit  [»as.Hag;es  of  his  Personal 
Narrative,  was  among  the  first  to  pr.jniulgate  philosophical  views  on  thia 
subject.  Every  hemisphere,  says  this  traveller,  produces  plaul.s  of  different 
species ;  and  it  is  not  by  the  diversity  of  climates  that  we  can  attempt 
to  explain  why  equinoctial  Africa  has  no  Laurincii  and  the  New  "^^Id 
no  SEeaths ;  why  the  Cakseolaiias  are  found  only  in  thes  outhera  hemi- 
sphere; why  the  birds  of  the  oontinent  of  India  glow  with  oolofs  less 
splendid  than  the  birds  of  the  hol  parta  of  America :  finaliy,  why  the 
^ger  is  peculiar  to  Asia,  and  the  omithorhynchna  to  K^'w  Holland.* 

^  We  can  conceive,"  he  adds^  **that  a  small  number  of  the  families  cf 
plants^  for  instance,  the  Musaceae  and  the  Palms,  cannot  belong  to  very 
cold  regions,  on  account  of  their  internal  stmcture  and  the  importance  of 
certain  organs ;  but  we  cannot  exy)lain  why  no  on<^  nf  the  family  of 
Melastomas  voiijetatt^  nortli  of  the  T»arallel  of  thirty  <i«'t|;^rees ;  or  why  no 
rose-tree  b<'ionn^  to  the  southern  iit-misphere.  Analoi^^'  of  climates  w 
often  found  in  the  two  continents  witliout  identity  of  productions."! 

The  luminous  essay  of  De  Candolle  on  **  Botanical  Geography"  pre- 
sents us  with  the  frtdts  of  his  own  researehee  and  those  of  Humboldt, 
Brown,  and  o4her  emuient  botanists^  so  ananged,  that  the  principal  [»he- 
nomena  of  the  distribution  of  plants  are  eduhitsd  in  connezien  with  tiie 
causes  to  which  they  are  diiefly  referrible.{  ''It  might  not,  periiaps,  be 
difficult,"  obsems  this  writer,  **  to  find  two  points,  in  the  United  States 
and  in  Europe,  or  in  Equinoctial  America  and  Africa,  which  present 
all  the  same  drenmstaaoes :  as»  for  example^  the  same  temperature^ 

*  Fertk  ifar.,  vol.  r.  p.  18a 
f  Ibid 

X  r>sjii  Tat'mcntairs  de  CMogrsphie  Botanlque.  Eatrait  du  ISaie  roL  di 
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the  game  height  above  the  sea,  a  umilar  K>il,  an  equal  doee,  of 
humidity ;  yet  nearly  all,  perhajys  all,  the  plants  in  these  two  similar 
loiMlities  sthall  bo  distinct.  A  corUiin  degree  of  analog}',  indeed,  ol 
aspect,  and  even  of  stnu-t uro,  miglit  very  prj^sibly  be  discoverable  betwei>n 
the  jtlauta  of  the  two  localities  in  tjuostiou ;  but  the  ajjecic^i  would  in 
general  be  different.  Circumstances,  thei^forc,  ditt'erent  from  those  which 
now  determine  the  statioiUj  have  had  au  lutluonee  on  tlie  hatHiatiom  of 
plants' 

StaJkm  mi  habUaUeM  of  pkmti.—AM  I  ahdl  freqiwntly  have  oom- 
mm  to  vpetk  of  the  Mitm  and  kabUaHam  of  plaiiie  in  die  tedtiiical 
nense  in  which  the  teims  aie  wed  in  thi  above  pMsago^  7  may  mmnd 
the  gecdogiflt  thatstaftioii  indioates  the  peeufiarnatuieof  theiooalily  whoe 

each  species  is  accustomed  to  grow,  and  has  reference  to  climate,  soil, 
hunudity,  lights  elevation  above  the  sea,  and  other  analogous  circum- 
stanoee ;  whereaa,  by  liabitation  ia  meant  a  general  indication  of  the 
country  where  a  plant  grows  wild.  Thus  the  station  of  a  plant  may  be  a 
salt-marsh,  a  bill-side,  the  bed  of  the  s«';i.  or  a  stagnant  po«:>l.  lt«?  hahitor 
(ton  mav  l>e  Eurojx',  North  Arnorit  ;i,  i.r  New  Hollanil,  H»«t\vei'n  the 
tropics.  The  study  of  Htaiiuii-.  has  been  styled  the  topography,  that  of 
habitations  the  geography,  of  botany.  The  terms  thus  defined,  express 
each  a  distinct  class  of  idoa^  which  have  been  often  coufoundod  together, 
and  which  are  equally  applioahle  in  loology. 

In  finrther  iUortration  <i  the  prindple  above  alluded  to^  that  difiHence. 
of  longitude,  independently  of  any  inflnenee  of  tanperotnre^  is  aooompap 
nied  by  a  gieat|  and  somotinies  a  oomplete,  diveisity  in  tlie  speoes  of 
plantsi  De  OandoUe  obeerves,  that,  oat  of  2891  spedes  of  phsnogamoos 
plants  describe  by  Punh,  in  the  United  States,  there  u    nly  385  which 
are  found  in  nortlicm  or  temperate  Europe.    MM.  llumboldt  and  Bon- 
pland,  in  all  their  travels  through  equinoctial  America,  found  only  twenty- 
four  species  (these  beint^  all  Oyperaoeae  and  Gnimine«)  common  to  Ame- 
rica anil  any  part  o*'  the  Old  World.    They  collectefl,  it  is  true,  chiefly 
on  the  mountains,  or  iIk*  |>r<>p<-)rtion  wonl.l  hnve  b.H'n  lart^er;  for  Dr.  J. 
IIot.>ker  informs  me  that  niany  tropical  plants  ot  the.  New  World  ar« 
identical  with  African  species.    Neverthele««»,  the  pr^neral  dist^onlance  of 
thet»e  Floras  is  very  striking.    On  comparing  New  Uolland  with  Europe. 
Mr.  Jhom  aioeitahied  thi^oift  of  4100  speeiei»diioovered  in  Aostralia, 
there  were  only  166  oommon  to  Snrope,  and  of  this  small  nmnber  then 
were  some  few  whioh  may  have  been  tianspoited  thither  by  man*  Al- 
most all  of  the  166  spades  weie  eiyplogamioi'and  the  lest  ooi»it»  m 
neaily  every  case,  of  phmogamoas  plants  whioh  sho  inhabit  intetvening 
regions. 

But  what  is  stiU  more  remarkable,  in  the  more  widely  separated  paite 
of  the  ancient  continent,  notwithstanding  the  existence  of  an  miinter- 
rupted  land-communication,  the  diversity  in  the  specific  character  of  the 
respective  vegetations  is  almost  a.s  strikinf^.  Thus  there  found  one 
R.sserabla£?e  ot  species  in  China,  another  in  the  count  rirs  borderlni^  Uic 
Black  Sea  and  the  Caspian,  a  third  in  those  surrouudmg  the  Meditecra- 
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nean,  a  toattk  in  tbe  gnat  platfimna  of  Siberia  and-  Tartaiy,  and  ac 
Iwtb. 

The  distinctiiess  of  the  groups  of  indigenous  plants,  in  the  aanie  paiallel 
of  Lititui.lc,  is  rrroatest  where  continents  are  disjoined  by  a  wide  expanse 
of  (xran.  In  tlie  northern  lu'Tnisphere,  near  the  pole,  wliero  the  extrerai- 
•  k-s  ut  Knr«>]>t»,  AsiAy  and  Aiiit  rii  ;i  unite  or  approach  near  to  one  anotlier. 
a  consult  rabic  number  of  the  tsatiu!  species  of  ]>lant!3  are  found,,  comiuou 
to  the  three  continents,  lint  it  Inis  l>een  ixaiaikixi,  tliat  these  plants, 
which  are  thus  so  widely  ditl'utkiii  in  th^  -.rctic  r^ioui:j>,  a^e  also  found  m 
the  cfaaiu  of  tlie  Aleutian  ialandi,  which  stietdi  i3moetaoi«aifroin  Ame- 
riea  to  Amb,  and  wbidi  may  piobably  hare  eenred  aa  the  channel  of  oom- 
BoniGalKm  for  the  partial  blending  of  the  Floras  of  the  ac^oining  regiooe. 
It  hafli  indeed,  been  obeetred  to  be  a  general  nile^  that  pknts  finuid  at 
two  points  very  remote  froui  each  other  occur  also  in  places  intermediate. 

Br.  J.  Hooker  informs  me  that  in  high  latitudes  in  the  southern  ocean, 
in  spite  of  the  gieat  extent  of  the  sea.  Floras  of  widely  disoonnected  islands 
contain  many  species  in  common.  Perha{»  icebenr',  transporting  to  vast 
distances  not  only  ston'"i.  but  soil  with  the  seeds  of  plautSi  may  explain 
this  unn-fially  wi<1o  tliiln-ion  of  insular  plants. 

In  ishind"*  very  distant  ironi  continents  the  total  ntmiber  of  plants  is 
comparatively  small ;  but  a  largo  proportion  of  the  hpeoies  are  such 
oi'cur  nowhere  eke.  lu  so  far  the  Flora  of  t»uoh  islands  is  not  peculiai 
to  them,  it  contains,  in  general,  species  t^ommon  to  the  nearest  main 
UodSb*  The  islands  of  Sm  great  sontbern  ocean  exemplify  these  ralee ; 
the  eastemmoet  containing  more  American,  and  the  weetemmoie  Vidian 
plantsif  Uadeifa  and  Teneriffo  contain  many  qpeodes^  and  eren  entire 
genera,  pecoliat  to  them ;  bu^hey  hare  also  planto  in  common  witb 
Portug:il,  Spain,  the  Aaores,  and  the  north-west  coast  of  Africa.| 

In  the  Canaries,  out  of  533  species  of  pha^nogamous  plants,  it  is  said 
that  310  are  peculiar  to  these  islands,  and  the  rest  identical  with  thfw© 
of  the  African  continent ;  but  in  the  Flora  of  St.  Helena,  which  is  so  fa." 
distant  even  from  thi^  ^vi^-^tpru  shores  of  Africa,  there  have  been  found, 
out  of  thirty  native  spt^'cics  of  the  pha^uogamous  class,  only  ojie  or  two 
which  are  to  be  found  in  any  <^tber  part  of  the  globe.  On  the  other 
hand,  of  sixty  cryptogamic  j>iants,  collected  by  Dr.  J.  llooker  in  the  samo 
island,  twelve  only  were  peculiar. 

Tbe  natnial  bistoiy  of  the  Qalapagotf  archipelago,  described  by  Ifr. 
Darwin,  affoida  another  veiy  instructive  illnsbation  of  tfie  lawsgoTening 
the  geographical  distribution  of  plants  and  animals  in  islands*  This 
gioap  consisis  of  ten  principal  i^fmd»|  sitoated  in  the  Pacific  Ocean,  under 
tbe  eqoator,  about  600  miles  westward  of  the  coast  of  South  America. 
As  they  are  all  formed  of  volcanic  rocks,  piany  of  the  craters,  of  which 
tliere  are  about  2000  in  number,  having  a  veiy  fresh  «^6ot|  we  mny 

*  Prichard,  vol  i.  p.  SC.    Browi^  Apponai*  to  FUnden. 

f  Foster,  Obscrvatioiia,  Ac 

X  Humboldt,  Pen.  Nar.,  toL  I  pi  S70  of  the  trsniUtimL  Priehsid,  Itys.  HiSk 
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ngaid  th«  whole  as  much  more  modern  in  origin  than  the  mass  uf  th« 
adjoining  continent ;  yet  neither  has  the  Flora  nor  Fauna  been  derived  from 
^)iith  America,  but  consist  of  species  for  the  mc^t  part  iadigeDOua^  j«l 
stamped  with  a  cliarai  tor  decidedly  South  Ameriran. 

What  is  still  more  singular,  there  is  a  difference  ln;[N\  i^  ii  ilm  j^peeit's 
inhabiting  the  different  islands.  Of  tlowering  plants,  iui  example,  there 
are  185  Rpeciea  at  present  known,  and  forty  cryptc^ainic,  making  together 
225.  One  hundred  of  the  former  class  are  new  species,  probably  cooiiadd 
to  diis  archipel^ ;  and  of  the  rest,  ton  At  least  hsve  benutiodaoed  by 
msiL  Of  tweatyKHM  ipecies  of  OompoiUm,  all  Imt  one  aie  peoiiliar»  aad 
they  belong  to  twelve  generay  no  le«  than  ten  of  which  genera  are  con- 
fined to  the  Oalapagoa.  Dr.  Hooker  olMerreBi  that  (he  ^rpo  of  Ihk  Horn 
has  an  undoubted  relation  to  that  of  the  western  side  of  South  Ameriea, 
and  he  d^iects  in  it  no  afUnlty  with  that  of  the  numerous  islands  scatter^ 
ed  over  other  parts  of  the  Pacific  So  in  regsid  to  the  birds,  reptiles, 
land-shells,  and  insects,  this  archipelago,  standing  as  it  does  in  the  Pacific 
Ocean,  is  zoologically  part  of  Aniorica.  Although  each  small  island  is 
not  more  than  fifty  <>r  sixty  milt»  apart,  and  mf>st  of  them  are  in  sight  of 
each  other,  formed  of  ])recisely  the  same  rocks,  rising  nearly  to  an  equal 
height,  and  j>iaced  under  a  similar  climate,  they  are  tenantoil  each  by  a 
diflferent  set  of  beings,  the  tortoise^  mocking-lhrushes,  liucheA,  beetkss, 
scarcely  any  of  them  ever  nmging  oyer  the  whole,  and  often  not  even 
oomnon  to  any  two  of  the  islands. 

**The  iirchipelago,"  says  Mr.  Darwin^  <*  is  a  little  world  within  itself  or 
rather  a  satdlite  attached  to  Ameriea;  whenoe  it  has  derived  a  few  stny 
oolonista,  and  has  received  the  general  character  of  its  indigenoas  pro- 
ductiona.  One  k  astonished,"  ho  adds»  *%t  the  amount  of  creative  fasot 
displayed  on  so  many  small,  barren,  and  rocky  islands^  and  still  more  so, 
at  its  diverse,  yet  analogous  action  on  points  so  near  each  other.  I  have 
said  that  the  Galapagos  archi{>elago  might  be  called  a  satellife  attached 
to  Ainericn.  but  it  should  rather  l>c  called  a  group  of  satellites  pliysically 
similar,  organically  di'^tinot,  vet  intiniatoly  relate<J  to  each  other,  and  all 
related  in  a  marked,  though  much  lesser  degree,  to  the  great  American 
ccmtinent.*** 

Xumbcr  of  botanical  provinces. — De  Candulle  has  euumerated  tweniy 
great  botanical  provinces  inhalnted  by  indigenous  or  ab<mgLnal  plants ; 
and  although  many  of  these  contain  a  variety  of  species  which  are  com- 
mon to  several  othen^  and  somettmes  to  plaoea  veiy  remote,  yet  the  Jiaes 
of  demarcation  ate^  upon  the  whole,  astcmishiiigly  well  defined.!  * 
it  likely  that  the  bearing  of  the  evidoioe  on  which  these  geoenl  nem 
are  founded  will  ever  be  materially  affected,  since  they  are  already  oon 
firmed  by  the  examination  of  nearly  one  hundred  thousand  qiedes  cf 
plants. 

•  Vnvntro  of  the  BonpV,  2f!  edition,  1846,  p.  877. 

\  See  a  farther  sabdivuion,  by  which  twenty-«even  provinceft  Are  made^  aj 
H.  Alph.  De  OandoUa^  son  of  De  CandoHii  Jfonegr.  dtt  Cmpmktm,  Firi% 
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The  entire  change  of  opinion  which  the  oontemplatUm  of  these  pliei* 
nomeiia  has  brought  about  is  worthy  <^  ranark.  The  first  travell^ra  were 
persuaded  that  they  should  find,  in  diatant  r^ona,  the  plante  ef  thur  own 

country,  nrvl  they  took  a  pleasure  in  giving  them  the  same  names.  It 
was  some  time  before  \\\\'^  illu'^ion  was  dissipattxl ;  but  so  fully  sensible  did 
botanists  at  last  becomt  -t  th  -  i  \treme  smallness  of  the  number  of  phae- 
nogamous  plants  commoa  to  Jitlorent  continents,  that  the  ancient  Floras 
fell  into  diMtpute.  All  grew  diliident  of  the  pretended  identiticalions ; 
and  we  now  find  that  every  naturalist  is  iucliued  to  examine  each  supposed 
fisoeptkm  wtth  sonipvloiie  eeverity.*  M  they  admit  tin  fiust,  they  begin 
to  qMenlate  on  tbe  mode  wJiereby  the  aeede  may  have  been  transported 
haoL  one  conntij  into  the  other,  or  enquire  on  whidi  of  two  continents 
the  phut  was  indigenoQa^  aaanming  tiiat  *  apedei^  like  an  individual, 
cannot  have  two  birtfiidaoaak 

Marine  vegeta^imi — The  marine  vegetation  is  divinble  into  different 
Hvstems,  like  those  prevailing  on  the  land ;  but  they  are  much  fewer,  as 
we  might  havo  oxp»»cted,  the  temperature  of  the  ocean  being  more  uniform 
than  that  of  tli.  ,ir]no«ph<-re,  and  consequently  the  dispersion  of  species 
from  one  zone  to  another  being  less  frequently  checked  by  the  interven- 
tion of  imcong*>nial  climates.  The  projx.>i  lioii  also  of  land  to  sea  through- 
out the  globe  being  small,  the  migration  of  marine  plantii  is  not  so  often 
stopped  by  barriers  of  land,  as  m  that  of  the  terrestrial  spedea  hj  the 
ocean.  Tlie  nomber  of  hjdiophytes,  as  they  are  teimed,  b  very  conside- 
rable^ and  tlieir  stations  are  found  to  be  infinitely  move  varied  than  could 
have  been  anticipated ;  for  while  some  planta  are  covered  and  unooveied 
daily  by  the  tide,  othon  live  at  the  depth  of  eevenL  hundred  feet.  Ajncng 
the  known  provinces  of  Aljjjc,  we  may  mention,  Ist,  The  north  cifjuni- 
poUir,  from  lat.  60*  N.  to  the  pole ;  2dly,  The  North  Atlantic  o.-  the 
reckon  of  Fueus  proper  and  r)Lks8eriie,  extending  from  lat  40°  N.  t>  lat. 
60°  N.;  3dly,  Tliat  of  the  Mediterranf-nn,  which  may  \m  r»>pfarde<J  as  a 
sub-region  of  the/o»r/A  or  warmer  temperate  zone  of  the  Atlantic,  KH-^een 
lat.  ^a*'  N.  and  lat.  40°  N.;  5thly,  The  Tropical  Atlanti< .  m  which  Ser- 
gassum,  Khodomeha,  I'orallinea,  and  Siphonia  abound  ;  Oilily,  The  South 
Atlantic,  where  the  Fucus  reappears;  7lhly,  The  Antarctic  Ajnerican, 
comprehending  from  Chili  to  Cape  Horn,  the  Falkland  Ldandfl^  and  thence 
round  the  worid  south  of  ktitude  50"  S. ;  Sthly,  The  Auatmlian  and  If ew 
Zeahuid,  which  is  ver^'  peculiar,  being  chsnoteriied,  among  other  generic 
foims,  by  OTStoseirie  and  Fuces ;  Othly,  The  Ihdian'Ooean  and  Red  Sea; 
and,  lOthly,  The  Chineee  and  Japaneee  sea8.f  In  addition  to  the  above 
provinces,  there  are  several  others  not  yet  well  detennined  in  the  Pacifie 
Ocean  and  elsewhere.  There  are,  however,  many  ipecies  which  range 
throucjh  sevenil  of  these  geographical  regions  of  subaqueous  vegetation, 
being  common  to  veiy  remote  countries ;  as,  for  eiample,  to  the  coasts  of 

*  I>e  Candolle,  Eesai  YMmea.  de  G^og.  Boiao.,  p.  45. 

f  I  am  indebted  for  the  abore  sketab  of  dbtinet  regions  of  algss  to  my  friend 
Dr.  JoMph  Hooker,  wlio  rofvra  the  botaoieal  studeat  to  the  labon  of  In;  Bat> 
vey,  of  Triaity  College,  Dubliii. 

c 

Digitized  by  Google 


618 


PIFIUBIOH  OF  FLAaiS  BT  WXVD8.  [Qi.XZXm 


Europe  and  the  United  States,  and  othera,  to  Cape  Horn  and  Van  Diemen^s 
Land,  tLe  same  plants  extending  alno  f<>r  the  most  part  to  the  Xcw  Zea- 
land sea.  Of  the  species  strictly  antarctic  (excluding  the  New  Zealand 
and  Tasmanian  croups)  Dr.  Ilooker  has  ideutided  not  1^  than  a  fifth  part 
of  the  whole  wiili  liritish  Algte !  Yet  is  there  a  much  smaller  pruj>urLion 
of  cosmopolite  species  among  the  Algse  than  among  the  terrestrial  cellular 
plants,  sudbi  as  lichens,  moesea,  and  Hepatica;. 

It  mmi  alwajs  be  bonie  In  mmd,  that  tlie  diatinoliMM  aUnded  to  W 
tweoL  fh«  piovinoea,  whedMr  of  snbaqneoos  or  terveetoal  plaatBi  nlatca 
itriotly  to  ^p0a«t,*aiid  not  to  fbmiB.  In  rcgwd  to  the  nanierical  piepoa- 
denuMse  of  oeitwn  fonns,  and  many  peciiS^antrai  of  intemal  atnictaw^ 
there  is  usually  a  marked  agreement  in  the  regetable  pibdiictions  <^ diB^ 
triots  placed  in  oomsponding  latitudes,  and  under  abmlar  phyaiGal  circam- 
stances,  however  remote  their  position.  Thus  there  are  innumerable 
points  of  atRlo«TT  between  the  vegetation  of  the  Brazils^,  equinoctial  Africa, 
and  India  ;  and  thoro  nr-^  nho  points  of  ditfor*^'UC«J  wherein  the  plants  of 
these  reprions  are  di.stiii«fulsltal>lt}  from  ail  extra-tropical  groups.  But  there 
is  a  very  ^mall  projiortion  of  the  entire  nurnUr  of  species  common  to  the 
three  contineutt*.  The  same  may  be  said,  if  w  e  compare  the  plants  of  the 
United  States  in&  that  of  the  niiddle  of  Europe ;  the  species  are  distinct, 
but  the  faims  are  often  so  analogous)  as  to  have  been  styled  ^'geograpfaieal 
representatiTes."  There  are  veiy  few  tpedn  of  phienogamous  plants,  says 
Dr.  J.  Hooker,  oommon  to  Van  Diemen'a  Land,  New  Zealand,  and  Fucgia, 
but  a  great  many  genera^  and  some  of  them  are  coofiiied  to  those  thrse 
distant  re^j^ons  ctf  the  southern  hemisphere,  being  in  many  instanoes  eseh 
severally  represented  bj  a  single  species.  The  same  naturalist  aho 
observes  that  the  southern  temperate  as  well  as  the  antarctic  regions, 
possess  each  of  them  representatives  of -nm.  of  the  genera  of  the  analogous 
climates  of  the  oj^positi'  hemisphere ;  but  very  few  of  the  species  an-  iden- 
tical unless  they  be  such  as  are  equally  diffused  over  other  countries,  or 
which  inhabit  the  Andes,  by  the  aid  of  which  they  have  evidently  effected 
their  pai»age  southwards. 

Mmmtr  in  vhich  platUt  teoome  difuni, — Whuk, — Let  us  now  ooo- 
sider  what  means  of  difiuaioii,  independently  of  the  agency  of  man,  are 
possessed  by  plants,  whereby,  in  the  ooufm  of  agea^  th^  may  be  enabled 
to  stray  from  one  cf  the  botanical  proriaoes  above  mentioned  to  another, 
and  to  establish  new  eolcnies  at  a  great  distance  horn  their  birtli- 
p'ace. 

The  principal  of  the  inanimate  agents  provided  by  nature  for  scattering 
the  seeds  of  plants  over  the  c^lobe,  are  the  movements  of  the  atmo«ph^re 
and  of  the  ocean,  and  t]i<'»  c(nistant  flow  of  water  from  t!i<'  mountains  to 
the  s^'ri.  To  boi^in  with  the  winds :  a  crreat  number  of  seed^i  are  furnished 
with  iiow  ny  and  feathery  appendages,  enabling  them,  when  rij>e,  to  lloat 
in  the  air,  and  to  wafted  easily  to  great  distances  by  the  most  p.  ntJi' 
breeze.  Other  plants  are  fitted  for  dispersion  by  means  of  an  attach^ 
wing,  as  in  the  case  of  the  fir  tree,  so  that  they  are  caught  up  by  the  wind 
aa  fliey  fidi  fiom  the  oone,  and  are  carried  to  a  distance.  Amongst  the 
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oemptntivsly  small  number  of  plants  kno>vn  to  linjUMni  no  Um  than  ISS 

genera  fire  cnilmerated  as  having  winged  seeds. 

As  winds  often  prevail  for  days,  weeks,  or  even  months  toi^thor,  iu  the 
s;mi«^  flirection,  theso  means  of  transportntion  may  sometini' s  b<}  without 
limits;  and  even  the  heavier  grains  may  h-i  borne  throu^ii  consitlerable 
S])ac<^,  in  a  very  short  time,  durinfj'  ordinary  tempests;  for  stro no;  gales, 
which  can  swtj>  p  along  jOfraiu.-*  ul  ijau.l,  often  move  at  tlie  rate  of  about 
forty  miles  an  hour,  and  if  the  storm  ba  very  violout,  at  the  rate  of  fifty- 
six  niUtt»*  The  hurricanes  of  tropical  reg^cHos,  vhidi  foot  up  trees  and 
thiDir  down  btuldinga,  sweep  Idoog  at  the  fate  of  ninety  milea  an  hoar ; 
so  tiiat,  for  howcffer  short  a  time  thej  prevail,  they  may  cany  even  the 
hflvner  Mts  and  seeds  over  friths  and  seas  of  ooosidsxable  width,  and 
doobtless  are  often  the  means  of  introducing  into  islaods  the  Tegetation 
of  adjoining  continents.  Whirlwinds  are  also  instrumental  in  bearing 
along  heavy  vegetable  substances  w  considerable  distances.  Slight  ones 
may  frequently  b(»  observed  in  our  fii  lds,  in  sunim<?r  cairying  np  haycocks 
into  the  air,  and  tb^n  l-^ttinc:  f'l^^  small  tut^ts  of  hay  far  and  wide  over 
the  couutrj' ;  but  tliey  are  som^jtimcs  so  jtowerful  as  to  dry  up  lakes  and 
ponds,  and  to  break  off  tho  boughs  of  troca,  and  carry  them  up  in  a 
whirhng  column  of  air. 

Franklin  teUs  us,  in  one  of  his  letters,  that  he  saw,  in  Maryland,  a 
whiilwind  which  began  by  taldng  np  the  dtist  whioh  ky  in  the  road,  in 
the  fbrm  of  a  sugar  loaf  with  the  pointed  end  downwards,  and  soon  after, 
grew  to  the  he^t  of  forty  or  fifty  feet,  heing  twenty  or  thirty  in  diame- 
ter. It  advanced  in  a  direction  contiaty  to  the  wind ;  and  although  the 
rotary  motion  of  the  column  was  surprisingly  rapid,  its  onward  progress 
was  sufficiently  slow  to  allow  a  man  to  keep  pace  with  it  on  foot.  Fnailkr 
lin  followed  it  on  horseback,  accompanies!  by  his  son,  for  three  quarters 
of  a  mile,  and  s^iw  it  enter  a  wood,  where  it  twisted  and  turned  round 
lai^e  trees  with  sur|)risiti;r  f()rce.  These  w.  i-'  r;irnod  up  in  a  spiral  line, 
and  were  seen  flyiui;  in  tlie  air,  toc^ether  witti  boughs  and  innumerable 
leave^  which,  from  their  height,  appeared  reduce*!  to  the  apparent  size 
of  flies.  As  tlm  cause  operates  at  difiercnt  intervak  of  time  throughout 
a  great  portion  of  tho  earth's  soiface,  it  may  be  the  means  of  hatting  not 
only  plants  hut  insects,  Umd  testacea  and  their  eggs,  with  many  other  ape- 
ciea  oir  animab,  to  p<nnta  which  they  oould  never  otherwise  have  reached, 
and  from  which  they  may  then  begin  to  propagate  themsdves  again  as 
ftom  a  new  centrst 

IHstribuUon    erfptoy 0  f  f  ug  piof^  been  found  that  a  joreat 

numerical  proportion  of  the  exceptions  to  the  limitation  d  apeciea  to 
certain  quarters  of  the  globe  occur  in  the  various  tribes  of  cryptojyaraic 

plants.    Llnnretis  obsen'ed  that,     the  jjorms  of  plants  of  this  class,  such 
as  mA-^fN,  tuiiLri.  and  lichens,  conBist  of  an  impalpable  powder,  the  par- 
ticks  ol  wliieh  are  scarcolv  visible  to  tho  naked  eye,  there  is  no  dilKcultv 
to  account  for  their  being  dis|H'rsed  throuofhout  the  atn)0sphere,  and  car 
ried  to  every  point  oi"  the  globe,  where  there  is  a  station  fittecl  for  them. 

*  Annoaire  dn  Bureau  dea  Loogiiudeik 


Digitized  by  Google 


620 


DISPERSION  OF  PLANTS 


[CaXXXVlL 


Lichens  in  particular  aaccnd  to  great  elevations,  sometimes  growing  two 
thousand  feet  above  the  the  line  of  perpetual  snow,  at  the  utmost  limits 
of  vegetation,  and  where  the  mean  temperature  is  nearly  at  the  freezing 
point  This  elevated  position  must  contribute  greatly  to  facilitate  the 
dispersion  of  those  buoyant  particles  of  which  their  fructification  consists.* 
Some  have  inferred,  from  the  springing  up  of  mushrooms  whenever 
particular  soils  and  decomposed  organic  matter  are  mixed  together,  that 
the  production  of  fungi  is  accidental,  and  not  analogous  to  that  of  perfect 
plants.  But  Fries,  whoso  authority  on  these  questions  is  entitlea  to  the 
highest  respect,  has  shown  the  fallacy  of  this  argument  in  favor  of  the 
old  doctrine  of  equivocal  generation.  "  The  sporules  of  fungi,"  says  this 
naturalist,  are  so  infinite,  that  in  a  single  individual  of  Reticuiaria 
maximOj  I  have  counted  above  ten  millions,  and  so  subtile  as  to  be 
scarcely  visible,  often  resembling  thin  smoke ;  so  light  that  they  may  be 
raised  perhaps  by  evaporation  into  the  atmosphere,  and  dispersed  in  so 
many  ways  by  the  attraction  of  the  sun,  by  insects,  wind,  elasticity,  ad- 
hesion, Ac,  that  it  is  diflBcult  to  conceive  a  place  from  which  they  may 
be  excluded."! 

The  club-moss  called  Lycopodium  cemuum  affords  a  striking  example 
of  a  crjrptogamous  plant  universally  distributed  over  all  equinoctial  coun- 
tries. It  scarcely  ever  passes  beyond  the  northern  tropic,  except  in  one 
instance,  where  it  appears  around  the  hot-springs  in  the  Azores,  although 
it  is  neither  an  inhabitant  of  the  Canaries  nor  Madeira.  Doubtless  its 
microscopic  sporules  are  everywhere  present,  ready  to  germinate  on  any 
spot  where  they  can  enjoy  throughout  the  year  the  proper  quantity  of 
warmth,  moisture,  light,  and  other  conditions  essential  to  the  species. 

Almost  every  lichen  brought  home  from  the  southern  hemisphere  by 
the  antarctic  expedition  under  Sir  James  Ross,  amounting  to  no  less  than 
200  species,  was  ascertained  to  be  also  an  inhabitant  of  tlie  northern 
hemisphere,  and  almost  all  of  them  European. 

Agency  of  rivers  and  currents. — In  considering,  in  the  next  place,  the 
instrumentality  of  the  aqueous  agents  of  dispersion,  I  cannot  do  better 
than  cite  the  words  of  one  of  our  ablest  botanical  writers.    **  The  moun- 
tain stream  or  torrent,"  observes  Keith,  "  washes  down  to  the  valley  the 
seeds  which  may  accidentally  fall  into  it,  or  which  it  may  happen  to 
sweep  from  its  banks  when  it  suddenly  overflows  them.    The  broad  and 
majestic  river,  winding  along  the  extensive  plain,  and  traversing  the  con- 
tinents of  the  world,  conveys  to  the  distance  of  many  hundreds  of  miles 
the  seeds  that  may  have  vegetated  at  its  source.    Thus  the  southern 
shores  of  the  Baltic  are  visited  by  seeds  which  grew  in  the  interior  of 
Germany,  and  the  western  shores  of  the  Atlantic  by  seeds  that  have  been 
generated  in  the  interior  of  Anierica."|    Fruits,  moreover,  indigenous  to 
America  and  the  West  Indies,  such  as  that  of  the  Mimosa  scandens^  the 
OABhownut  and  others,  have  been  known  to  be  drifted  across  the  Atlantic 

•  Linn.,  Tour  in  Lapland,  vol  iL  p.  282. 

♦  Frie^  cited  by  Lindley,  Introd.  to  Nat  SyiL  of  Botany. 
\  System  of  Physiological  BoUny,  toL  ii  f.  405. 
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by  the  Gulf  streun,  on  the  w«Bierti  coasts  of  £aiope»  m  anoli  «  state 
that  they  mig^t  hare  v^tated  ha<^l  the  climate  and  soil  been  favourable. 
Among  these  the  GuiUmdkia  Bondue,  a  kguminoiis  plant,  is  particularly 
mentioned,  as  having  been  faiaed  from  a  wed  found  on  the  weai  ooaat  of 

Sir  Hans  Sloane  states,  that  ^overal  kinds  of  beans  cast  ashore  on  thf- 
Orkney  Isles,  and  Ireland,  but  none  of  'whicli  appear  to  liave  naturalizeit 
themselves,  are  derivwl  from  trees  which  grow  in  the  West  Indies,  and 
many  of  them  in  Jamaica,  lie  conjectures  that  they  might  have  been 
Mmveyed  by  rivers  into  the  sea,  and  then  by  the  Gulf  stream  to  greater 
distances,  in  the  same  manner  as  the  sea-weed  osUed  LBtUiaila  maruM, 
or  Sargasso,  which  grows  on  the  racks  about  Jainaic%  is  known  to  ho 
''eanied  by  tho  winds  and  cnmiilftowatds.ihe  ooast  of  Floi^ 
into  the  Notth  American  ocean,  where  it  lies  my  thick  on  th»siulaoe 
of  the  8ea."f 

The  absence  of  liquid  matter  in  the  composition  of  seeds  lendsn  them 
oompaiatively  insensible  to  heat  and  cold,  so  that  they  may  bo  earned 
without  detriment  through  climates  where  the  plants  themselves  would 
instantly  perish.  Such  is  their  power  of  resisting  the  etiects  of  heat,  that 
Spallanzani  mentions  some  seeds  that  geniiiiuited  after  having  been  boil- 
e<l  in  water.|  Sir  John  Uerschel  informs  me  that  lie  lias  sown  at  the 
( 'ape  of  Good  Hope  the  seeds  of  the  Acacia  iophanta  after  they  had 
remained  for  twelve  hours  in  water  of  140°  Fahrenheit,  and  they  germi- 
nated fiur  moio  lapidly  than  unboiled  seeds.  He  abo  states  that  an  emi- 
nent botanist,  Baron  Lndwig,  could  not  get  the  seeds  of  a  speoies  of  cedar 
to  grow  at  the  C^ie  till  they  wove  thoioughly  boiled. 

When  theiefiife^  a  strong  gale^  after  blowing  violently  off  the  land  fbr 
n  time^  dies  away,  and  the  seeds  a%ht  upon  the  surface  of  the  waters,  or 
whwerer  the  ocean,  by  eating  away  the  sea-clifis,  throws  down  into  its 
waves'  plants  which  would  never  otherwise  reach  the  shores,  the  tides  and 
currents  become  active  instruments  in  assisting  the  dissemination  of 
almost  all  cla-sses  of  the  vegetable  kingdom.  Tlie  pandanus  and  many 
other  plants  have  been  distributed  in  this  way  over  the  islands  of  the 
Pacific.  I  have  before  calle<l  attention  (p.  G18.)  to  the  interesting  fact 
that  oue-fifth  of  all  the  alga)  found  in  the  antarctic  regions  in  1841-3,  by 
Dr.  J.  Hooker,  were  of  species  comuiuu  lo  the  British  seas.  .  Ho  has 
suggested  that  cold  currents  which  prevail  from  Cape  Horn  to  the  equator, 
and  ara  there  met  by  other  cold  water,  may  by  their  direct  infinence^  as 
well  ss  by  their  temperstore,  ftcUitate  the  passage  of  antarotio  speoies  to 
the  Arotio  Ocean.  In  like  manner  the  migration  of  ceitaui  'manne  ani> 
male  fiom  the  southern  to  the  northern  hemii^ihere  may  have  been  btoui^t 
nbout  by  the  same  cause. 

In  a  collection  of  six  hundred  plants  from  the  neighboihood  of  the 
tiver  Zsire^  in  Africa,  Mr.  Brown  found  that  thirteen  r^ecies  were  aiso 

•  Brown,  Append,  to  Tuckey,  Iso.  v,  p.  481. 

♦  Phil-  Trun^  1696. 

I  ^tsm  of  lliyaudogifial  Botanr,  toL  IL  Mt. 
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met  vrith  on  the  opposite  shores  of  Guiana  and  BraziL  He  remaiiBed 
that  most  of  these  plants  were  found  only  on  the  lower  parts  of  the  river 
Zjiire,  and  were  chiefly  such  as  pK>ducod  seeds  capable  of  retaining  their 
vitality  a  long  time  in  the  currents  of  the  ocean.  Dr.  J.  Hooker  informs 
me  that  after  an  examination  of  a  c^reat  many  insular  floras,  he  has  found 
that  no  one  of  the  large  natural  orders  is  so  rich  in  species  common  to 
other  countries,  as  the  Leguminosae.  The  seeds  in  this  order,  which  corn- 
pristt  the  laigest  proportioii  of  widely  difibaed  Kttoial  spedea,  are  bettor 
sdvpM  than  thoie  <^  any  other  plantB  for  water<iflnuige> 

27^  mijfraikm  of  plcmis  mdei  bp  idamtt^ldKadBf  nuMeover,  and 
even  the  amalleit  loekB,  play  an  unpottant  part  m  aaling  eodi  irngni- 
lioni;  for  when  eeeds  alight  upon  them  from  the  atmosphere^  or  are 
thrown  np  by  the  ain^  they  oOen  vegetate,  and  supply  the  winds  and 
wave*  wi^  a  repetition  of  new  and  luiiiytired  orops  of  fruit  and  seedk 
These  may  afterwards  pursue  their  course  through  the  atmosphere,  or 
aloTicr  the  surface  of  the  M^n,  m  the  same  direction.  The  number  of  plants 
fuuud  at  any  given  tune  on  an  islet  affords  us  no  test  whatever  of  the 
extent  to  which  it  may  have  co-operated  towards  this  end.  «in(v»  a  varietv 
of  specie  may  first  thrive  there  and  then  perish,  and  be  followed  by  other 
chance-comers  like  themselves.  If  neither  St.  Helena  nor  Aacenfdon  have 
promoted  the  botanical  intercourse  between  the  Old  and  New  Worlds, 
we  may  easily  aoooiint  for  the  foot  by  remembering  that  they  are  not 
ody  extremely  minute  and  iaoUted  spots,  but  an  also  bounded  hy  lofty 
and  precipitous  shores  without  beaches  where  the  seeds  of  foreign  spedes 
oould  readily  establish  themsdres. 

Currents  and  winds  in  the  aretio* regions  drift  along  ioebeiga  oorered 
with  an  alluvial  soil^  on  which  herbs  andpine^aplings  are  seen  growing, 
which  may  often  continue  to  vegetate  on  scwne  distant  shore  iriiere  the 
ice-island  is  stranded. 

Dt.^persion  of  marine  plants. — With  respect  to  marine  vegetation,  the 
seeds,  being  in  their  native  el*>ment,  may  remain  immersed  in  water  with- 
out injury  for  indefinite  periods,  so  that  there  is  no  difficulty  in  conceivi p^r 
the  diffusion  of  species  M'herevcr  uncongenial  climates,  contrarv  current*, 
and  other  causes  do  not  interfere.  All  are  fiimiiiar  with  the  sight  of  the 
floating  sea-weed, 

"  Flug  from  the  rock  on  ocean's  foam  to  sail, 
WhM«*«r  the  wargt  may  swMpb  the  tempeilfs  breath  preTMO." 

KemaikaUe  aocumulatioiisof  that  speoieB  of  sesrweed  generally  hnofwn 

.us  gulf-weed,  or  sargasso,  occur  on  each  side  of  the  equator  in  the  Atlantic^ 
Pacific,  and  Indian  Oceans.   Columbus  and  other  navigsAon^  who  fiist 
.  encountered  these  banks  of  algae  in  the  Northern  Atlantic,  compared  them 

to  vast  inundated  meadows,  and  state  that  they  retarded  the  progress  of 
their  vessels.  The  most  extensive  bank  is  a  little  west  of  the  meridian 
of  Fayal,  otio  of  the  Azores,  l)ctween  latitudes  35°  and  8r>°  :  '.-inlenl 
north-vrinds  sometimes  prevail  in  this  space,  and  drive  the  sea-weed  to 

* 
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low  lalitodM,  as  fiur  as  tifa«  Mth  or  ereii  the  20tli  ctegne.*  Jdmg  fhA' 

noidiem  6^  of  iho  <Mf  tfcream  Dr.  Hbolrar  foaad  .7^^ 

F,  umiui,  whieh  he  traced  all  the  way  from  lat  96*  N.  to  England. 

Hie  hoUow  pod-lilee  reeaptacle  in  whicli  the  seeds  of  many  alg«  are 
lodged^  and  the  filanmAt  attached  to  the  seed-vessels  of  others,  seem 
intended  to  give  huoyancy ;  and  I  may  observe  that  these  hydrophytes 
are  in  goneral  prvlfferous,  so  that  the  .smallest  fragment  of  a  bruncli  t  jm 
be  dovolopL-d  into  a  perfect  plant.  The  speeds,  moreover,  of  the  g^reator 
nuniV'  -r  of  ppeciea  arc*  enveloped  with  a  mucous  matter  like  that  which 
surruun<is  the  of  somo  fish,  and  which  not  only  protects  them  from 
iujury,  but  scrveti  to  attach  tliem  to  floating  bodi<^  or  to  rocks. 

AgcMy  of  ammoilU  tn  IA0  di^nbuUim  of  plant$» — ^But  we  have  as  yet 
eonsidflMd  {Nvt  only  of  the  fertile  fesooroes  of  nature  for  eonveyiDg  seeds 
to  a  diBtance  from  their  pboe  of  growth*  The  varioas  tribes  of  aaiinala 
are  binOy  engaged  in  farthering  an  object  whenoe  they  derive  such  im- 
portant advantages.  Sometimes  an  express  provision  is  found  in  the 
structuro  of  seeds  to  enable  them  to  adhere  firmly  by  prickles,  hooks,  and 
haire,  to  the  coats  of  animals,  or  feathers  of  the  win<:;<-d  tribe,  to  which 
they  romnin  attached  for  weeks,  or  even  months,  and  are  bornf  nloriLcinto 
every  rotrion  whither  birds  or  quadrupeds  may  migrate.  Linna;us  enu- 
merates tifty  ijenera  of  plants,  and  the  number  now  known  to  botacistaia 
much  tjreater,  wliich  are  armed  with  hooks,  by  which,  wlien  ripe,  they 
aJhuro  to  the  coati  of  animals.  Most  of  these  vegetables,  he  remarks, 
re<|uire  a  soil  enriched  with  dung.  Few  have  failed  to  mark  the  locks  of 
wool  hanging  on  the  thom-bo^eBi  wherever  the  ilieep  pass,  and  it  is  prober 
ble  that  the  wolf  or  lion  never  give  chase  to  herbivorous  animals  without 
being  unconsoioiisly  subservient  to  this  part  of  the  vegetable  eeooomy. 

A  deer  has  strayed  from  the  herd  when  browsing  on  some  rich  pastnre^ 
when  ho  is  suddenly  alarmed  by  the  approach  of  his  foe.  He  instanfly 
takes  to  flight,  dashing  through  many  a  iliicket,  and  swimming  across 
many  a  river  and  lake.  Tlie  seeds  of  the  herbs  and  slirubs  whieli  liave 
adhered  to  his  smoking  flanks  are  washed  off  n<x^\n  by  the  waters.  The 
thorny  spray  is  torn  otT.  arid  fixes  itself  in  its  luiiry  coat,  until  brusiied  oti" 
again  in  other  thickets  and  copses.  Even  on  the  spot  where  the  victim 
is  devoured  many  of  the  seeds  which  ho  had  swallowed  immediately 
before  the  chase  may  bo  left  on  the  ground  uninjured,  and  ready  to  spring 
up  in  a  new  soiL 

Tlie  passage,  indeed,  of  undigested  seeds  through  the  stomachs  of  anir 
mals  is  one  of  the  most  efficient  causes  of  the  dissenunaftioii  of  plsnti^  and 
is  of  all  otihem»  perhaps,  the  most  Hkely  to  be  overiooked.  Few  are 
ignoront  that  a  portion  of  the  oate  eaten  by  a  horse  preserve  their  ger- 
roinatiQg  faculty  in  the  dung.  The  fact  of  their  being  still  nutritious  is 
not  lost  on  the  sagacious  rook.^  To  many,  says  Linnaeus,  it  seems  extra- 
ordinary, and  something  of  a  prodiicy,  that  when  a  field  is  well  t511»^d  and 
sown  witli  the  best  wheat,  it  frequently  produces  darnel  or  the  wild  oat, 

*  Qrevill<^  latrodofition  ':o  Alg»  Britaaoicae^  p.  IS. 
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eepecially  if  it  be  nianuTcd  with  new  dung ;  they  do  not  oonaider  thtd 
the  fertility  of  the  smaller  aeeds  ia  not  destroydd  in  the  stomaiebi  of 

animals.* 

Agency  of  b{rd$. — Some  birds  of  the  order  Passerc.^  \  our  the  seeds 
of  plants  in  great  quantities,  which  they  eject  again  in  very  distant  places 
without  destroying  it^  faculty  of  vegetation  :  tlius  a  flight  of  larks  wul  fiii 
the  demflflt  field  with  a  grett  qnintitf  of  varioos  kinds  of  f^ts,  as  the 
meUki  tttfySl  (Mtdieapo  Itgmlkia),  lod  otheis  whoae  aeeda  m  to  heavy 
that  the  wind  is  not  able  ta  aeatter  them  to  any  di8t«ioe.t  IhlikeinaD- 
uer,  the  blacldHid  and  mttadthnidi,  when  they  devour  bei^ 
4|itantitiei»  are  known  to  oonaign  them  to  the  earth  undigested  in  their 
.  "eiviement.! 

Pulpy  fruits  serre  quadmpeds  and  birds  as  food,  while  their  seeds,  often 
hard  and  indigestible,  pass  uninjured  through  the  intestines,  and  ar«?  de- 
posited far  from  their  origiml  place  of  growth  in  a  condition  pec-liarly 
fit  for  veg^tatiou.§  So  well  are  the  fanners,  iti  some  parts  of  England, 
aware  of  this  fact,  that  when  th<»y  desire  to  raise  a  quicks^^t  hedge  in  the 
shortest  possible  time,  tlicy  feed  turkeys  with  the  haws  of  the  cotmnon 
white-thorn  {Cratasffw  Oxyacantha),  said  theifaow  the  stones  which  aie 
ejeoted  in  fheir  eicvement,  wl^ereby  they  gain  an  entire  year  in  the  growth 
of  the  plant.!  Birds,  when  ^ey  pluck  ehemei^  aloeB,  Mid  haws^  fly  away 
with  them  to  some  convenient  place ;  and  when  ii^oy  have  devoured  the 
fruit,  drop  the  stone  into  the  ground.  Captain  Cook,  in  his  account  of 
the  volcanic  island  of  Tanna,  one  of  the  New  Hebrides,  which  he  visited 
in  his  second  voyage,  makes  the  following  interesting  observation : — "Mr. 
Forster,  in  his  Iwtanlcal  excursion  this  day,  shot  a  pigeon,  in  the  craw  of 
which  was  a  wiM  initineg.''^  It  is  easy,  therefore,  to  j>erceive,  that  birds 
in  their  migrations  to  great  distances,  and  even  across  seas,  may  transport 
seeds  to  n(?w  isles  and  continents. 

The  sudden  deaths  to  which  great  numbers  of  frugivoroui  birds  aro 
annually  exposed  must  not  be  omitted  as  auxiliary  to  the  transportaticfti  q( 
seeds  to  new  habitatioiM.  When  the  sea  retires  from  the  dune,  and 
leaves  finite  and  seeds  on  the  beach,  or  in  the  mud  of  estuaries,  it  might, 
by  the  retnining  tide,  wadi  them  away  again,  or  destroy  them  by  long 
immeiBions  bat  when  they  are  gathered  by  land  birds  which  6e<iQent  the 
sea  side,  or  by  waden  and  water-fowl,  they  are  oHen  borne  inUuid;  and 
if  the  bird  to  whose  crop  they  have  been  consigned  is  killed,  they  may  be 
left  to  grow  up  far  from  the  sea.  Let  such  an  accident  happen  but  once 
in  a  century,  or  a  thousand  years,  it  will  he  suflicieTit  to  spread  many  of 
the  plants  from  one  continent  to  another;  for  in  ebtiiii:iriii£f- the  activity 
of  these  causes,  we  must  not  coohider  whether  they  act  slowly  in  relation 

^  J499«a%  AmcBn.  Asad,  toL  IL  i09. 

iAmoen.  Acad.,  ToL  fr.   Essay  fA.  §8.  « 
Ibid..  toLtLJSS. 
Smith's  Intn»£  to  Fhyi.  sad  Bjit  Botany,  p^  804 1807. 
This  mffirmation  was  oonuaniuoated  to  me  by  PTofiBawr  Hondow,  of  Os» 
bridge. 
If  Book ia  Air. 
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lotiie  poriod  cf  oorcliMiTiriioiifbiitmrafeienoetotlMdiii^^ 

in  general. 

Let  us  trace  the  operation  of  tbia  cause  in  connection  with  others.  A 
tempestuous  wind  boars  the  seeds  of  a  plant  many  mik's  through  flio  air, 
and  then  di'livers  them  to  the  ocean;  t!i"  oceanic  ctirrmt  drift^i  tin  in  to 
a  distant  continent ;  by  the  fall  of  the  tid^*  they  be^^oiiui  the  t(K>d  ot"  uume- 
roud  birds,  and  one  of  tlie.se  is  seized  by  a  hawk  or  eagle,  which,  soaring 
across  hill  and  dale  to  a  place  of  retreat,  leavea,  after  duvouring  it^  prey, 
the  impabUble  seeds  to  sptiug  up  and  floiubh  in  a  new  soil 

The  imdifaeiy  bofim  iidverted  to^  is  so  capable  oC  distemtiuitiiig  seeds 
mr  almost  vnboiindMl  tpaees,  thai  were  #e  moie  mtunately  aoquainted 
mUh  the  eoonomy  of  aatiuei  we  might  ptobably  explain  aU  the  instaaoes* 
which  ooenr  of  the  aberration  of  plants  to  great  distances  from  their  native 
oouatliea.  The  real  difficulty  whicli  must  present  itself  to  every  one  who 
oontemplates  the  present  geographical  dbtribution  of  species,  is  the  small 
number  of  exceptions  to  the  rule  of  the  non-intermixtnre  of  diflerent  groups 
of  plants.  Wli\  ii  iv'o  they  not,  supposincf  them  to  have  Ix'en  ever  so  dis- 
tinct originally,  become  more  blend<xi  and  confounded  together  in  the 
laj)se  of  ngm  ? 

Agency  of  man  iu  tlic  dUpermon  o/planU. — But  in  addition  to  all  the 
agents  already  enumerated  as  instrumental  in  diffusing  plants  over  the 
globe,  we  hare  still  to  consider  man^-one  of  the  most  impoitant  of  all. 
He  transports  with  him,  into  every  region,  the  v^;etables  which  he  cnlti> 
Tatea  for  his  wanl%  and  is  the  involimtaiy  means  of  spreading  a  9tiU 
greater  number  which  are  useleBs  to  him,  or  even  noxious.  "  When  the 
introduction  of  cultivated  plants"  says  Do  Candolle,  "is  of  recent  date, 
there  is  no  dlffioiil^  in  tracing  their  ongin;  but  when  it  is  of  high  anti- 
quity, we  are  often  ignorant  of  the  true  country  of  the  plants  on  which 
we  feed.  No  one  contest??  the  American  oriLrin  of  the  maize  or  the  pota- 
toe ;  nor  the  orij^in,  in  tlie  Old  World,  of  the  eotlV'^-trcf,  an<l  of  wheat. 
But  there  are  certain  objects  of  culture,  of  very  ancieiiL  vlate,  between  the 
tropics,  such  for  example  as  Llie  banana,  of  which  the  origin  cannot  be 
verified.  Armies,  in  modem  times,  have  been  known  to  carry,  in  all  di' 
teetionsi  gmin  and  cnklfated  vegetables  from  one  extremity  (^Europe  to 
the  other;  and  thos  have  shown  us  how,  in  more  ancient  tlmes»  the  con- 
quests of  Alexander,  the  distant  expeditions  of  the  Bomans,  and  afterwards 
the  orasades,  may  have  tmnspoited  many  plants  from  one  part  of  the 
world  to  the  otlier."* 

But,  besides  the  plants  used  in  agriculture,  the  numbers  wliidi  have 
been  naturalized  by  accident,  or  which  man  has  spread  unintentionally, 
is  considerable.  One  of  onr  old  authors,  Jossclvn,  gives  a  cataloc^rie  of 
such  plants  as  bad,  in  bis  time,  sprung  up  in  ih^^  ro]ony  suie<'  the  English 
])lanted  and  kept  catth'  in  New  England.  Tliey  Avere  t\v<>-and-tweuty  in 
number.  Tlie  common  nettle  was  the  first  which  the  settlers  noticed ; 
and  the  plantain  was  called  by  the  Indians  EngUshmau's  toot,"  as  if  it 
spi  iiug  from  their  footsteps.f 

*  De  Cundollc^  Essai  ]Q6ineii.  (Lc,  p.  iO.       f  Quarterly  Review,  vol  xxx.  p.  8 
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**  We  have  introduoed  evwy  wliere"  observes  Do  Candolle,  "some 
weeds  which  grow  am<»ig  our  various  kinds  of  wbcat,  and  which  have 
been  received,  perhaps,  originally  from  Asia  along  with  them,  llius, 
toj^ther  with  the  Barbary  wheat,  the  inhabitants  of  iho  ^oxiik  of  Europe 
have  sown,  fur  many  a^es,  tln^  jdants  of  Algiers  and  Tuuis.  With  the 
wools  and  cottons  of  the  East,  or  of  Barbary,  tlierc  are  often  bronorht  into 
Franco  the  grains  of  exotic  plauts,  mme  of  which  naturalize  liiemselves. 
Of  this  I  will  cite  a  striking  example.  There  is,  at  the  ^te  of  Montpellier, 
a  meadow  set  apart  for  drying  foreign  wool,  after  it  has  been  wcuhed. 
Than  hardly  posses  a  year  witfaout  foreign  planti  being  Ibnnd  nalmaliied 
in'  ihm  di>'ing-ground.  I  have  gathend  there  OnUaurta  fwmjCora, 
'Pmndea  paltutinOf  and  Syperkvm  crupum/*  Thk  iuA  is  not  odjr 
illiiBtrative  of  the  aid  which  man  lends  inadmlentty  to  the  propagativn 
of  phmtfi,  but  it  also  demonstrates  the  mnltiplici^  of  seeds  which  are 
borne  about  in  the  woolly  and  baiiy  coats  of  wild  animals. 

The  same  botanist  mentions  instances  of  plants  naturalized  in  seaports 
by  the  ballast  of  ship ;  and  several  examples  of  others  which  have  f^iesd 
throii  irh  Europe  from  botanical  gardens,  bo  as  to  have  become  mors  com* 
mon  than  many  indijxenons  species. 

It  is  scarcely  a  ceiuury,  says  Linnanis,  since  tlie  Canadian  eri^-i-ron.  or 
flea-bane,  wjis  brought  from  America  to  the  botanical  c;arden  al  Paris; 
and  already  the  seeds  have  been  carried  by  the  winds  so  tliat  it  is  diflfused 
over  France,  the  British  islands,  Italy,  Sicily,  Holland,  and  Germany.* 
Sevenl  otheis  axe  mentioned  bj  the  Swedi^  natunJist,  as  having  boon 
disponed  hj  similar  means.  The  common  ibom-applo  {Datura  Slrvr 
numhtm),  observes  Willdenow,  now  grows  as  a  noxious  weed  througfaoot 
all  Europe,  with  the  eiception  of  Sweden,  LapUmd  and  Russia.  It  came 
from  the  East  Indies  and  Abjasinia  to  us,  and  was  thus  univeisallf  spiead 
by  certain  (ptackB,  who  used  its  seeds  as  an  emeticf  The  same  plant  is 
now  abundant  throughout  the  greats  part  of  the  United  Stst^,  along 
road-sides  and  about  farm-yards.  The  yellow  monkey-flower,  Mimuiut 
luteus,  a  plant  from  tlf  Tu>rt]i-wcst  region  of  America,  has  now  established 
itself  in  various  ]iart.s  uf  England,  and  is  spreading  rapidly. 

In  hot  and  ill-cultivated  countrie«  snch  nafuraliTiation  takes  place  morv 
ea&ily.  Tliuii  the  Cheiiijjmiium  (nnbrosiotdm^  sown  l>v  Mr.  Burchell  on  a 
point  of  St.  ITclena,  multiplied  so  tast  in  four  vars  as  to  become  one  of 
the  commonest  weeds  in  the  island,  and  it  ha^  mamtaiued  its  groimd  ever 
since  1845.{ 

The  most  remarkable  ju-oo^  says  De  Oandolle,  of  the  extent  to  wlueh 
man  is  unconsciously  the  instrument  of  dispersing  and  natondiatng  spe- 
cies^ is  found  in  the  fact,  that  in  New  Holland,  America,  and  the  Gape 
of  Good  Hope,  the  abcniginal  European  species  exceed  in  numbsr  «U  the 
others  which  have  come  from  any  distant  regions;  so  thal^  in  this  instance, 
the  influence  of  man  has  sutpassed  that  of  all  the  other  causes  whi^tesiid 

*  Essay  on  the  Uabi table  P^rth,  Axu<«q.  AcadL,  vol  ii  p.  409. 
f  Prindplea  of  Botany,  p.  889. 
I  Ibid. 
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to  dbst  minate  p^uata  to  remote  districts.  Of  nearly  1600  British  flower- 
^r\fr  plants,  it  is  supposed  tliat  about  300  species  arc  naturalized  ;  but  a 
largo  proportion  of  these  would  perish  with  the  discontiDUance  of  agri- 
culture. 

Although  we  are  but  slightly  acquainteil,  as  ynt^  with  the  extent  of  our 
instrumentaUty  in  naturalizing  gi)ecies,  yet  the  facts  ascertained  aii'ord  no 
small  reason  to  suspect  that  the  number  which  we  introduce  unintention- 
tlly  eicoeds  aU  those  transported  by  design.  Nor  is  it  uuiatiifil  to  sup> 
pose  tluit  file  functions^  which  the  inferior  b« 

dischaiged  in  the  economy  of  nature^  shoold  devolve  upon  the  human 
tace.  If  we  drive  many  b^rds  of  passage  from  different  countries,  we  are 
probably  required  to  fulfil  their  office  cfoarrpng  seeds,  eggs  offish,  insects^ 
nu^uaks,  and  other  creatures,  to  li^t^mt  regions:  if  we  extirpate  quadru- 
peds, wc  must  re{>lace  them  not  merely  as  consumers  of  the  animal  and 
vegetable  sul>stances  which  they  devour,  but  as  disseminators  of  plants, 
and  of  the  inferior  classes  of  the  animal  kingdom.  I  do  not  mean  to 
insinuate  that  the  very  same  changes  which  man  brings  about,  would  have 
taken  place  by  means  of  the  agency  of  other  species,  but  merely  that  he 
eujHjrstxles  a  certain  number  of  agents  ;  and  so  fi&r  as  he  disperses  plants 
nnintenlionally,  or  against  his  will,  his  intervention  is  strictly  analogous 
to  that  of  the  specifls  so  extirpated. 

I  may  observe,  moreover,  that  if,  at  former  periods,  the  animals  inha- 
liimg  any  given  district  have  been  partially  altered  by  the  extinction  of 
some  s]>e€ics,  and  the  intrododion  of  others,  whether  If  new  creations  or 
by  immigration,  a  change  must  have  taken  place  in  regard  to  the  parti- 
cular plants  conveyed  about  with  them  to  foreign  countries.  As,  for 
example,  when  one  set  of  migratory  birds  is  substituted  for  another,  fho 
countries  from  and  to  whi-  h  set  ds  are  transported  are  immediately  chang- 
ed. Vicissitude's,  thert  fore,  analogous  to  those  which  man  has  occasioned, 
may  have  previoii*ly  attended  the  springing  up  of  new  relations  between 
specicii  in  the  vegetable  and  animal  worlds. 

It  may  also  be  remarked,  that  if  roan  is  the  most  active  agent  in  en- 
larging, so  also  is  be  in  cixcnmscribing  the  geographical  boundaries  of 
particular  plants.  He  promotes  the  migration  of  some,  be  retards  that 
of  ether  spedes ;  so  that,  while  in  many  respeota  he  appears  to  be  exerting 
his  power  to  blend  and  confound  the  various  provinces  of  indigenous 
tpeekiB,  he  is,  in  other  ways,  instrumental  in  obstructing  the  fusion  into 
one  group  of  the  inhabitants  of  contiguous  provinces. 

Thus,  for  example,  when  two  botanical  regions  exist  in  the  same  great 
continent,  such  as  the  Euro]>can  rcf/ion^  comprehending  the  central  parts 
of  Eurn|v<\  and  those  surrounding  the  Mediterranean,  and  the  Oriental 
region^  as  it  has  been  termed,  embracing  tlio  countries  adjoining  the  Black 
Sea  and  the  Caspian,  the  interposition  between  these  of  thousands  of 
spuare  mdes  of  cultivated  lands,  opposes  a  new  and  powerful  barrier  against 
the  mutual  iaterehanig^  of  indigenous  plants.  Botanfats  are  well  aware 
tiiat  garden  plants  nataialiae  and  difiuse  tbemselvea  with  great  fodlity  in 
comparatively  unreclaimed  countries,  but  qoead  themselves  slowly  and 
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witli  difficulty  in  districts  highly  culdvatcd.    There  are  many  ohviote 

causes  for  this  difierencc  ;  by  drainag'O  and  culture  the  natural  yariety  of 
stations  is  diminished,  and  those  stray  individuals  by  which  th**  pa'^^ac^e 
of  a  species  from  one  fit  Btiition  to  another  is  ellected,  aro  uo  sooner  de- 
tected hy  the  agriculturist,  Uian  they  are  uprooted  as  weeds.  The  larger 
rhrubs  aud  trees,  ia  particular,  can  scarcely  ever  escape  obsen'aiion,  when 
they  have  attained  a  certain  size,  aad  wiU  rarely  fail  to  be  cat  down  if 
impxofitable. 

Tbst  lame  obtemUions  sre  applicable  tothe  infteiduaige  of  the  inseoti) 
biKbi  and  ^oadnipeds  oC  two  ngioos  litQatod  Kke  tlioae  above  aUnded  ta 
No  beaeta  otfnj  aie  permitted  tomake  thcur  way  across  the  intervening 
arable  tracts,  ^fnny  birds,  and  hundreds  of  insects,  which  would  havB 
found  some  palatable  food  amongst  the  various  herbs  and  trees  of  the 
primeval  wlldemcsw,  aro  unable  to  sub^iist  on  the  olive,  the  \'inc,  the  wh^«it, 
and  a  few  treca  and  grasses  favored  by  man.  In  addition,  therefore,  t«» 
his  direct  intervention,  man,  in  this  cas*.*,  operates  indirectly  to  impe^ie 
the  dissemination  of  planti<,  by  intercepting  the  migration  of  animaK 
many  of  which  would  otherwise  have  been  active  ia  txanspOTting  seeds 
from  one  province  to  anoUier. 

Whether,  in  the  vegetable  Idngdom,  the  infliienoe  of  man  will  land, 
after  a  consideraUe  lapse  of  ages,  to  rendor  the  geogn^plucal  nage  of 
tpecies  tn  ffeneral  mofo  extended,  as  De  OandoUe  seems  to  antioipsto,  or 
whether  the  compensaling  agenejr  above  aUoded  to  will  not  coimterba 
lance  the  ezoepti<His  canaed  by  our  nabBsliiationsy  admita  at  kast  of  wrne 
doubt.  In  the  attempt  to  form  an  estimate  on  thu  mlject^  we  mast  be 
careful  not  to  underrate,  dt  almost  overlook,  as  some  appear  to  have  done, 
the  influence  of  man  in  checkino;^  the  difiusion  of  plants^  and  restiktiilg 
Iheir  distribution  to  narrower  limitb. 


Digitized  by  Googl 


cnAPTER  xxxvm. 

LAWS  WHICH  RUGUJUAIfi  IHK  OKOORAPBIOAL  DIBTUIBUTIOK  OF 

BPKCIBt— ^DNlAllMff. 

Qcognpbieal  ditferibntioii  of  animala-^Buffon  oa  q»Mifie  distinotneas  of  qw 

drupc'ds  of  Old  and  New  World — Doctrine  of  "  natural  barriors" — Different 
regions  of  iudig^noiM  TUfmnnnlin — Kurope — Africa — India,  and  Indian  Archi- 
pelago—Australia — 2sortb.  and  South  Auiciica — Quadrupeds  in  islaudsh^ 
Bangtt  of  the  GetMeft-~IHqpenioa  of  quadrnpoda— Th^  pow«n  of  awim 
ming — Migratory  instincta — DriMng  of  animals  on  ice-floea — On  Aerating 
islands  of  drift-timber — Migrations  of  C€tacea— -Habitation <?  of  Inrds — Tlietr 
migratioDs  and  facilitiea  of  diffusion — Diitribiuioa  of  r«ptilti%  and  their 
power  of  disaemination.  .  % 

Otoffn^kal  dUfributiom  amma/f.— Although  In  specdating 
on  pbiloBophioal  poeribilitiesy"  said  Buffon, ''the  Mune  temperatore 
might  have  been  expected,  all  other  dronmstances  being  equal,  to 
produce  tbe  same  beings  in  different  parts  of  the  globe,  both  in  the 
animal  and  vegetable  kingdoms,  yet  it  is  an  undoubted  fact,  that  when 
America  was  discovered,  its  indigenous  quadrupeds  were  all  dissimilar 
to  those  previously  kuown  in  the  Old  AVorld.  The  elephant,  the 
rhinoceros,  the  hippopotamus,  the  camclopard,  the  camel,  the  drome- 
dary, the  buftalo,  the  horse,  tbe  ass,  the  lion,  the  tiger,  the  apt  s,  the 
baboons,  and  a  number  of  oilier  mannnalia,  were  nowhere  to  bo  met 
with  on  the  new  contiueut ;  while  in  the  old,  the  Auiei  icau  species, 
of  the  same  great  class,  were  nowhere  to  be  seen — the  tapir,  the  lama, 
the  pecan,  the  jaguar,  the  couguar,  the  agouti,  the  paca,  the  ooati,  and 
the  sloth.** 

These  phenomena,  although  few  in  number  relatively  to.  the  whole 
ammate  creation,  were  ao  striking  and  so  positavo  in  theur  nature,  that 
the  great  French  naturalist  caught  sight  at  onoe  of  a  general  law  in 
the  geographical  distribution  of  organio- beings,  namely,  the  limitation 
of  groups  of  distinct  species  to  regions  separated  from  the  rest  of  the 
globe  by  ccrfniti  nntural  barriers.  It  was,  therefore,  in  a  truly  pliilo- 
sophical  spirit  that,  relymg  on  the  clearness  of  the  evidence  obtained 
rcspectinj*  the  larger  quadrupeds,  bo  ventured  to  call  in  quej?tion  tbe 
identifications  announced  by  some  contemporary  naturalists  of  species 
of  animals  said  to  be  common  to  the  southern  extremities  of  America 
and  Africa.* 

The  migration  of  quadrupeds  from  one  part  of  the  globe  to  another, 
obserrea  Dr.  Friohard,  is  prevented  by  uncongenial  climates  uid  the 
bnadMa  of  the  ocean  which  intersect  continents.    **  Hence,  by  a 
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reference  to  the  geograpliH  al  site  of  countries,  we  may  divide  th« 
64rth  into  a  certain  number  of  regions  fitted  to  l><?come  the  abcxk':^  of 
particular  groups  of  animals,  and  we  shall  find,  on  inquiry,  that  each 
of  th^  provinces,  thus  conj<*<  tiirally  marked  out,  is  actually  inhabited 
by  a  distinct  nation  of  quadrupeds."  ♦  It  will  be  obser\*cd  thnt  the 
laugua'_re  of  Buffon  respectinpf  "natural  barriers,"  wliicli  has  ^iiu-e 
been  so  popular,  wouUl  be  wholly  witiiout  mcauiug  if  the  gec^aphical 
distribution  of  oigauio  bdngs  had  not  led  Datunlble  to  adopt  very 
genenUy  thi  doctrine  of  speeifie  eenires,  or,  in  other  ivordS)  to  hdieve 
that  each  epecies,  whether  of  pbnt  or  animal,  originated  in  -  a  single 
birth-place.  Reject  this  view,  and  the  &ct  that  not  s  single  native 
quadruped  is  common  to  Australia,  the  Cape  of  Good  Hope,  and 
South  America,  can  in  no  ways  be  explained  by  adverting  to  the 
wide  extent  of  intervening  ocean,  or  to  the  sterile  deserts,  or  the  great 
heat  or  cold  of  the  eli mates,  throijcrh  which  each  species  must  have 
parsed,  before  it  could  inii^rate  from  one  of  those  distant  regions  to 
another.  It  micfht  fairly  be  asked  of  one  who  talked  of  impai>sable 
barriers,  ^hy  the  same  kangaroos,  rhinoceroses,  or  lamas,  should  not 
have  been  created  simultaneously  iu  Auatralia^  Africa,  and  South 
America  i  The  horse,  the  ox,  and  the  dog,  although  foreign  to  these 
countries  until  introduced  by  man,  are  now  able  to  support  them- 
selves there  in  a  wild  state^  and  we  can  scarcely  doubt  that  many  of 
the  quadrupeds  at  present  peculiar  to  Australia,  Africa,  and  South 
America,  might  have  continued  in  like  manner  to  inhabit  each  of  the 
three  continents  had  they  been  indigenons  or  could  they  once  have  get 
a  footing  there  as  new  colonists. 

At  the  same  time  every  zoologist  will  be  willing  to  concede,  that 
even  if  the  departure  of  eaeh  species  from  a  sinjjlc  centre  had  not 
appeared  to  be  part  of  the  plan  of  \nture,  the  ran^je  ot  species  in 
general  vnmi  have  l>ecome  limited,  under  the  influence  of  a  variety  of 
ciiuses,  especially  iu  the  class  of  terrestrial  mammalia.    Scarcely  any 
ouo  of  these  could  be  expt;ct*jd  to  ret«iiii  us  fair  a  claim  to  the  title  uf 
cosmopolite  as  man,  although  even  the  human  race,  fitted  as  it  is  by 
its  bodily  constitution  and  intellectual  resources  to  spread  very  widely 
over  the  earth,  is  fiir  from  being  strictly  cosmopolite.  It  is  esdoded 
both  from  the  arctic  and  antarctic  eiroleS)  irom  many  a  wide  desert 
and  the  summits  of  many  mountainHshaios ;  and  hstly,  from  three- 
fourths  of  the  globe  covered  by  water,  where  there  aro  large  arete 
very  prolific  in  animal  life,  even  in  the  highest  order  of  the  vertebrate 
class,    liut  the  habitations  of  species  are,  as  before  stated,  in  refer- 
ence to  plants  (see  :d>ove,  p.  CI 4),  circumscribed  by  causes  difierent 
from  those  which  determine  their  stations,  and  these  causes  are  clearlv 
cuuuected  with  the  time  and  place  of  the  original  creation  of  each 
•pocios. 

As  the  names  and  characters  of  laud  quadrupeds  are  much  better 
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known  to  the  general  reader  than  those  of  other  great  families  of  the 
aninuil  kingdom.,  I  shall  select  this  class  to  exemplify  the  zoological 
provinces  into  wliich  species  arc  divisible,  confining  mrself,  however, 
to  those  fact^i  wliich  may  lielp  to  elucidate  some  principle,  or  rule  < 
appart'itlv  followed  by  the  Author  of  Nature,  in  refrard  to  that 
"mys'tt'iy  of  mysteries,"  the  first  peoplinor  of  the  earth  with  living 
biiiugs.*  First,  then,  the  European  region  comprehends,  besides  Europe, 
the  borders  of  the  Mediterranean,  and  even  the  north  of  Africa,  and 
extends  into  Asia,  beyond  the  Ounl  mountains  and  the  Caspian.  Al- 
though the  spedes  are  almost  all  peculiar,  the  number  of  characteristic  * 
ifmera  is  remarkably  small.  The  bear,  the  fox,  the  Lare,  the  rabbit*  . 
the  deer,  and  almost  every  Enropean  form  is  found  equally  in  soTeral 
of  the  other  large  provinces  of  mammalia,  where  the  species  are 
distinct.  Even  the  mole  (Talpa)^  although  confined  to  tlie  northern 
parts  of  the  old  world,  ranges  eastwards,  as  far  as  the  Himalaya 
mountains. 

2dly.  The  A/ricun  Frunia,  on  the  otlicr  hand,  is  singularly  ricli  in 
;j;<'neric  foniis,  not  int-t  wilii  iu  a  living  state  in  any  other  rei,non.  The 
liipl>oj)otainu>i,  lor  example,  of  which  two  very  distinct  species  are  known, 
the  giralie,  the  Linmpanzce,  the  blue-faced  baboon,  the  four-lingered 
monkeys  (Colubui),  many  c^mivora,  such  as  Protdetf  allied  to  the 
iiy  aena,  and  a  multitude  of  other  fonna*  are  exelttsirely  African.  A  few 
of  the  species  inhabiting  the  northern  confines  of  this  continent,  such  as 
the  dromedary,  lion,  and  jackall,  are  also  common  to  Asia ;  and  a  much 
larger  number  of  forttu  belong  equally  to  the  great  Asiatic  province^ 
the  species  being  distinct.  The  elephant*  for  example,  of  Africa  h 
smaller,  has  a  rounder  head,  and  larger  ears  than  the  Indian  one,  and 
has  only  three  instead  of  four  nails  on  each  hind  foot.  In  like  manner, 
not  one  of  three  African  species  of  lihinoceros  agrees  with  one  of  the 
three  Indian  kind/?. 

3dly.  The  Southern  region  of  A/rica,  where  that  continent  extends 
into  the  temperate  zone,  constitutes  another  separate  zoological  province, 
surrounded  as  it  is  on  three  sides  by  the  ocean,  and  cut  off  from  the 
conntries  of  milder  climate  in  the  northern  hemisphere,  by  the  intenren- 
ing  torrid  zone.  In  many  instances,  this  region  contains  the  same 
genera  which  are  found  in  temperate  climates  to  the  northward  of  the 
line:  but  then  the  southern  are  dilforent  from  the  northern  species. 
Thus*  in  the  south  we  find  the  quagga  ana  the  lebni;  in  the  north,  tiie 
horse,  the  ass,  and  the  jiggetai  of  Asia. 

The  south  of  Africa  is  spread  out  into  fine  level  plains  from  die  tropic 
to  the  Cape,  In  this  reckon,  says  Pennant,  besides  the  horse  gemis,  of 
which  fire  species  have  been  found,  there  are  also  peculiar  species  of 

*  In  the  above  enumeration  of  the  IcadioK  zoological  proviaces  of  lanr!  qrm- 
drnpeds  I  have  been  most  kindly  nasisted  by  Mr.  Watcrhoufle  of  the  British 
IfUBcuni,  author  of  a  most  able  aii<l  comprehensive  work  on  the  "Natural 
nistory  of  th«  Mammalia,"  now  ia  the  eoone  of  publieation.  London,  Bail- 
here,  1846. 


Digitized  by  Google 


682  DIFFEBBNT  BFB0I18  OF  [Ql  XXXTUL 

rhinoceros,  the  ho^t  byrax,  among  pachydermatous  races ;  and 

amongst  the  nimiuatin^,  tlic  Cape  buffalo,  and  a  variety  of  remarkable 
aiitolopcB,  as  the  spriiiufbok,  the  oryZ|  the  gnou,  the  leucopho^  the 
pygarga,  and  several  others.* 

4thly.  The  assemblatre  of  (iuadru{)eilft  in  Madaqascar  alTords  a  strik- 
inpf  ilhifitration  of  the  laws  bL-fore  alludud  lu,  its  govcruing  the  disLribu- 
Liou  of  i»pecies  iu  islands.  Separated  from  Africa  by  the  Mozambique 
ohamiel,  which  is  800  miles  wide,  Madagascar  fonna,  with  two  or  tfaiee 
small  islands  in  its  immediat.e  vidnity,  a  zoological  province  by  itself 
■  all  the  spedes  except  one^  and  nearly  all  the  genera,  being  peeoliar. 
Hie  only  exception  oonaists  of  a  small  inseotivorons  quadruped  (  CcnMft), 
found  also  in  the  Mauritius,  to  which  place  it  is  supposed  to  have  been 
takoti  ill  ^'lt;|h^.  The  iiiostcharaeteristic  feature  of  this  remarkable  fauna 
eonaists  in  the  number  of  quadnunana  al  the  Lemur  family,  no  le^^s  than 
six  genera  of  these  monkeys  being  exclusively  met  with  in  this  island, 
and  a  seventh  genus  of  the  same,  called  Galago^  which  alone  has  any 
foreign  representative,  bein^r  lounJ,  as  we  nii^ht  from  analotiy  have 
anticipated,  in  the  nearest  main  land.  Had  the  species  of  <|uadrupeJs 
in  Madagascar  agreed  with  those  of  the  contiguous  parts  of  Africa,  as 
do  tho^e  of  Englaud  with  the  re^l  of  Europe,  the  naturalist  would  have 
inferred  that  there,  had  been  a  land  communication  since  the  period  ef 
the  coming  in  of  the  existing  quadrupeds,  whexeas  we  maj  now  conclude 
that  the  Moxambique.  channel  has  constituted  an  insuperaUe  barrier  to 
the  fusion  of  the  continental  &una  with  that  of  the  great  island  during 
the  whole  period  that  has  ebq«ed  since  the  living  species  w  ere  created. 

othly.  Another  of  the  great  nations  of  terrestrial  mammalia  is  that 
of  India^  containing  a  great  variety  of  peculiar  forms,  such  as  the  sloth- 
bear  [Prochilus],  the  musk-deer  [Moscus),  the  nylghau,  tbo  gibbon  or 
long-armed  ape,  and  many  others.    Othly.    A  portion  of  the  islands  of 
the  Indian  archipelar/o  might,  p^jrhaj'-^,  be  considered  by  some  geo''>;;ijiti 
HS  an  appendage  of  the  same  pruvmce.    In  fact,  we  find  iu  the  laige 
is»lauds  of  Java,  Sumatra,  an4  li  irneo,  the  same  genera,  for  the  most 
part,  as  on  the  coutineni  ul  ituiui,  aud  bome  of  the  same  ^pccie^  e.  <,^. 
the  tapir  {Tapirut  Malayanu8\  the  rhinoceros  of  Sumatra,  and  some 
otherai.  Most  of  the  speciesi  however,  are  distinct,  and  each  island  has 
many,  and  even  a  few  genera,  peculiar  to  itselt  Between  eighty  and 
nine^  species  are  known  to  inhabit  Java,  and  nearly  the  same  number 
occur  in  Sumatra.   Of  these,  more  than  half  are  common  to  the  two 
islands.   Borneo,  which  is  much  less  explored,  has  yielded  already 
upwards  of  sixty  species,  more  than  half  of  which  arc  met  with  either 
in  Java  or  Sumatra.    Of  the  species  inhabiting  Sumatra  aud  not  found 
in  Java,  Uurneo  contains  the  greater  portion.    Upon  the  whole,  if  these 
three  large  islands  were  united,  and  a  fusion  of  lln  ir  respective  indige- 
nous maminalia  should  take  place,  they  would  present  a  fauna  related 
wo  that  of  continental  India,  and  comprising  about  as  many  species  aa 
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we  might  expect  from  analogy  to  discover  in  an  area  of  oqiial  ttteoU 
The  Phili}>piiie  Islands  are  peopled  with  another  aMemUago  <tf  tpoei€a 

generically  related  to  the  great  Indian  type. 

7thlr.  But  the  islands  of  Celebes,  Amboina,  Timor,  and  New  Guinea^ 
cc)n'=titiito  a  ditfercnt  region  of  mammalia  more  allied  to  the  Austrahan 
typi',  as  Iiavini^  an  intermixture  of  marsupial  qiiadnipeds,  yet  showing 
an  affinity  airvo  to  the  Indian  in  such  forms  as  the  deer  [Cervus),  the 
weasel  (I'tf^rra),  the  pig  {Sus),  the  Macaque  monkey  [Ctrcopithecus), 
and  others.  As  wo  proceed  in  a  south-westerly  direction,  from  Celebes 
to  Amhoina  and  t&onoo  to  Now  Guinea,  we  tnd  the  Indian  types 
dinutttshing  in  number,  and  the  AubtraliaQ  (i.  e,  manupial  forms) 
increanng.  Thus  in  New  Guinea  seven  spedes  of  pouched  quadrupeds 
have  been  detected,  and  among  them  two  singular  tree-kangaroos;  jet 
only  one  spedes  of  the  whole  seven,  viz.  the  flying  opossum  {Petaurii 
am/),  is  common  to  the  Indian  archipelago  and  the  main  land  of  Aus- 
tralia. The  greater  the  zoological  affinity,  therefore,  between  the  latter 
and  the  New  Guirr'a  fauna,  althouc^h  it  seems  in  some  way  connected 
witl>  geof^raphicai  proximity,  is  not  to  be  explained  simply  by  the 
mutual  migration  of  bpecies  from  the  one  to  the  other. 

8(h1y.  When  Amtralia  was  discovered,  its  land  quadrupeds,  belong- 
ing iilmoist  exclusively  to  the  marsupial  or  pouched  tribe,  suck  a»  the 
kangaroos,  wombats,  flying  opossums,  kangaroo-rats,  and  others,  some 
feeding  on  herbs  and  fruits,  oUiers  camivoioos,  W€fe  so  noTel  in  their 
stmcture  and  aspect,  that  they  appeared  to  the  naturalist  afanost  as 
strange  as  if  they  wore  tiie  inhabitanti  of  some  other  planet.  We  learn 
ftom  the  recent  investigations  of  Hr.  Waterhouse,*  that  no  less  than 
170  spedes  of  marsupial  quadrupeds  have  now  been  determined,  and  of 
the  whole  number  all  but  thirty-two  are  exclusively  restricted  to  Aus- 
tralia. Of  these  thirty-two,  nine  belong  to  the  islands  in  the  Indian 
arch  i  pel  a  irn  before  mentioned,  and  tho  otii.'r  twenty-three  are  all  species 
of  opossum  iuhabitiug  the  tropical  parts  of  South  America,  or  a  few  of 
them  extending  into  Mexico  and  California,  and  one,  the  Virginian 
opobsum,  into  the  Unitt'd  States. 

9thly.  It  only  remains  for  me  to  say  something  of  the  ma«nmiferous 
fauna  of  ilTor/A  and  South  Jmerka*  It  has  often  been  said  that, 
where  the  three  continents  of  Asia,  Europe,  and  North  America,  ap- 
proach Teiy  near  to  each  other  towards  the  pole,  the  whole  arctio  region 
forms  one  loologieal  and  botanical  provincew  The  narrow  straits  which 
separate  the  old  and  new  woild  are  frozen  oyer  in  wintOT,  and  the  dis- 
tance is  tarther  lessened  by  intervening  islands.  Many  planta  and  ani- 
mals of  vm-ious  classes  have  accordingly  spread  orer  all  the  arctic  lands, 
beinf:^  sometimes  carried  in  the  same  manner  as  the  polar  bear,  when  it 
is  drifted  on  tloaling  ice  from  Greenland  to  Iceland.  But  on  a  close 
in.-ipection  of  the  arctic  mammalia,  it  has  been  found  of  late  years  that 
a  very  small  number  of  the  American  species  are  ideutical  wjith  those  of 

♦  * 
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Europe  or  The  geneni  are,  in  great  part,  the  nme  or  neiiif 

allied ;  but  the  species  are  rarely  identical,  and  are  often  very  unlike, 
as  m  the  case  of  the  American  badger  and  that  of  Europe.  Sraie  of  the 
genera  of  arctic  America,  such  as  the  musk  ox  [Ovibos),  are  quite  pecu- 
liar, and  the  distinctness  of  the  fauna  of  the  cToat  continents  pxs  on 
increasing  in  proportion  a.s  wo  trace  tlicni  southwards,  or  as  thoy  rece<io 
farther  from  eacli  other,  and  become  more  and  more  separated  by  the 
ocean.  At  length  we  Ihid  that  the  three  groups  of  tropical  mammalia, 
belonging  feeverally  to  Atnerica,  Africa,  and  India,  have  not  a  single 
species  in  common. 

Tlie  predominant  influence  of  olimate  orer  all  the  other  eaoees  which 
limit  the  range  of  species  in  the  mammalia  is  perhaps  nowhere  so  con- 
spicuously displayed  as  in  North  America.  The  arctic  Anna,  so  admira- 
bly described  by  Sir  John  Richardson,  has  scarcely  any  species  in  com- 
mon with  the  fauna  of  the  state  of  Kew  York,  which  is  600  miles  &rther 
south,  and  comprises  about  forty  di'-tinct  mammifers.  If  again  we  travel 
farther  south  about  600  miles,  and  enter  another  zone,  running  east  and 
west,  in  South  Carolina,  Opornrla,  Alabama,  and  the  contiguous  sfates, 
we  again  meet  with  a  new  assemblage  of  land  quailrupeds,  and  this 
again  dit!»'r<,  from  the  fauna  of  Texa5,  where  frosts  are  uuknowu.  It  will 
h*i  observed  thnt  on  this  continent  there  are  no  great  geographical 
barriers  running  ejist  and  west,  such  as  high  bnow-clad  mountiiins,  barren 
deserts,  or  wide  arms  of  the  sea,  capable  of  checking  the  free  migration 
of  sp^ies  from  north  to  soulb.  But  notwithstanding  the  diatinctnen 
of  those  zones  of  indigenous  mammalia,  there  are  some  species,  such  as 
the  bufialo  (Biaon  Amerieanus),  the  racoon  {Proeyo»  /ofor),  and  the 
Viiginian  opossum  (Dirfs/^ts  Virffiniana)^  which  hare  a  wider  habita> 
tion,  rangiug  almost  from  Canada  to  the  Gulf  of  Mexico ;  but  they  form 
exceptions  to  the  general  rule.  The  opossum  of  Texas  {IHddphi$ 
carnivwni)  is  different  from  that  of  Virginia,  and  other  species  of  the 
same  genus  inhabit  westward  of  the  Rocky  Mountains,  in  California,  for 
example,  where  almost  all  the  mammalia  differ  from  those  of  the  United 
States. 

lOthly.  The  Wtftf  Indian  land  quadrupeds  are  not  nnnirrous,  but 
seyeral  of  them  arc  peculiar;  anj  llthly,  South  America  is  the  most 
distinct,  with  the  exception  of  Australia,  of  all  the  provinces  into  which 
the  mamma  ja  can  be  classed  geographically.  The  various  genera  of 
monkeys,  for  example,  belong  to  the  fiimily  IMatyrrhini,  a  large  natural 
division  of  the  quadrumana,  so  named  from  their  widely  separated  nos- 
trils. They  have  a  peculiar  dentition,  and  many  of  them  prehensile 
tails,  and  aro  entirely  unknown  in  other  quartern  of  the  globe.  The 
sloths  and  armadillos,  the  true  blood-su  1  in^^  bats  or  varapyres  (/*Ajfl- 
lostomidae),  the  capybara,  tbelargestof  the  rodeDts,the  camivorous  (^>at> 
mondi  (Nama)^  and  a  great  many  other  fonns,  are  also  exolusiFeif 
characteristic  of  South  America. 

"  In  Peru  and  Chili,"  sap  Humbohlt,  "  the  region  of  the  grasses 
which  is  at  an  elcFation  of  from  12,300  to  15,400  feet,  is  inhabited  by 
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erowds  of  gnaiuwo,  and  ilpaca.  Thsn  quadnipedB,  whioL  hero 
fepreaent  the  genus  camel  of  the  ancient  oontaaent,  have  not  extmded 
themselves  either  to  Brazil  or  Mexico ;  because,  during  their  journey, 
they  must  necessarily  have  descended  into  re^ons  that  were  too  hot  for 
them."*  In  this  pn^^cipfo  it  will  be  seen  that  the  doctrine  of  specific 
Centrr">'^  is  tacitly  assumed. 

Quadrupeds  iu  Islan  h. — Islands  remote  from  continents,  especially 
those  ot'  small  size,  are  either  destitute  of  quadrupeds,  except  such  as 
have  hiitn  conveyed  to  them  by  man,  or  contain  s])ccies  peculiar  to 
them.  In  the  Galapagos  archipelago  no  indigenous  quadrupeds  were 
found  except  one  mouse,  which  is  supposed  to  be  dntinot  from  any 
hitheito  found  elsewhere.  A  peculiar  species  of  fox  is  indtgenoiis  in 
the  FaUdand  Islands,  and  a  rat  in  New  Zealand^  which  Jast  coontiy, 
notwithstanding  its  magnitade,  is  destitute  of  other  mammalia,  except 
bats,  and  these,  says  Dr.  Prichard,  may  have  made  their  way  along 
the  chain. of  islatids  which  extend  from  the  shores  of  New  Guinea  far 
into  the  Southern  Pacific.  The  same  author  remarks^  that  among  the 
various  groups- of  fertile  islands  in  the  Pacific,  no  quadrupeds  have 
been  met  with  except  the  rat  and  a  few  bats  as  above  mentioned,  and 
the  dog  and  hoir,  which  appear  to  have  been  conveyed  thither  by  the 
natives  from  New  Guinea,  "Fiats  are  to  bo  found  even  on  Pome 
desert  islands,  ^vhifher  they  may  have  been  conveyed  by  canoes  which 
have  occasionaily  approached  the  &hore.  It  is  known,  also,  that  rals 
occasionally  swim  in  large  numbers  to  e(mriderable  distances."! 

Gcof/raphieal  range  of  the  OetaetOi — It  is  natural  to  suppose  that 
the  geographical  range  of  the  different  species  of  Oetacca  should  be 
less  correctly  ascertained  than  that  of  the  terrestrial  mammifers.  It 
is,  however,  well  known  that  the  whales  which  are  obtained  by  our 
fishers  in  the  South  Seas  are  distinct  from  those  of  the  North ;  and 
the  same  dissimilarity  has  been  found  in  all  the  other  marine  animals, 
of  the  same  class,  so  far  as  they  have.yet  been  studied  by  naturalists. 

Dispersion  of  quadrnpeds. — Let  us  now  inquire  what  facilities  the 
vnriftiis  land  quadrupt'ds  «'njoy  of  sjin'ndini!;  themselves  over  the  surlace 
ot  the  earth.  In  the  first  place,  as  th«-ir  numbers  multiply,  all  of  them, 
whether  they  feed  on  plant'*,  or  prey  on  other  anunals,  are  disposed  to 
scatter  themsclvea  gradually  over  as  wide  au  area  as  is  accessible  to 
them.  But  before  they  have  extended  their  migrations  over  a  large 
space,  they  are  4iauaUy  arrested  either  by  the  sea,  or  a  lone  of  unoon> 
genial  dimat^  or  some  lofty  and  unbro]cen  chain  of  mountains,  or  a 
tract  already  occupied  by  a  hostile  and  mora  powerful  species. 

ThMr  pawen  of  Mnmrninff, — ^Rivers  and  narrow  friths  can  seldom 
Interfere  with  thdr  progress;  for  the  greater  paH  of  them  swim  weUi 
and  few  are  without  this  power  when  urged  by  danger  and  pressing 
want  Thus,  amongst  beasts  of  prey,  the  tiger  is  seen  swimming  about 

•  Description  of  the  Equatorial  Regions. 

f  PricUard,  Tkys.  Hist  of  Mankmd,  vol  i  p^l6. 
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tMtumg  the  ttlandi  and  creeks  in  the  delta  of  the  Ganges,  and  the 
jnguar  travei-ses  with  ease  the  laigwt  stream  in  South  America.* 
The  bear,  alKS  and  the  hiaoQ,  oroie  tha  earrent  of  the  Mimiiiippi. 

The  popular  error,  that  the  common  swine  cannot  escape  by  swimming 
when  thrown  into  the  water,  has  been  contradicted  by  several  curious 
and  well-nntlieTiticatcd  instances  during  the  floofk  in  Scotlaivl  of  1829. 
One  pig,  only  six  months  old,  after  havinf^  been  carried  duwu  Ironi 
Garmouth  to  the  bar  at  the  mouth  of  the  Spey,  a  distance  of  a  quarter 
of  a  mile,  swain  four  miles  eastward  to  Tort  UorUun,  and  landed  safe. 
Three  others,  of  the  same  age  and  litter,  swam,  at  the  same  time,  fire 
miUa  lo  the  west,  and  landed  at  BlaoUiilI.t 

In  an  adolt  and  wild  state^  these  animals  would  doubtless  hare  beea 
more  strong  and  active^  and  might,  when  hard  pressed,  have  peKbnned 
a  mnoh  koger  Toyags*.  Henoe  islands  nmote  from  th«  oontment  maj 
obtain  inhabitants  by  casualties  whieh,  like  the  late  storms  in  Miway- 
shire,  may  only  ocenr  once  in  many  centuHes,  or  thowands  of  years, 
nnder  all  the  same  oirounstanees.  It  is  obvious  that  powerful  tides, 
winds,  and  currents  may  sometimes  carry  along  quadrupeds  capable, 
in  like  manner,  of  preserving  themselves  for  hours  in  the  se<%  to  Tcry 
considerable  distances;  and  in  this  way,  perhaps,  the  tapir  (Tapir 
Indi'-  is)  may  ha?e  become  common  to  Sumatra  and  the  Malayan 
peninsula. 

To  the  elephant,  iu  particular,  iho  power  of  crossiiug  rivers  is  essential 
m  a  wild  state,  for  the  quantity  of  food  which  a  herd  of  these  aaimaU 
consumes  renders  it  necessary  that  thcj  should  he  constantly^  nH>Ting 
from  place  to  place.  The  elephant  crosses  the  stream  in  two  ways. 
If  the  bed  of  tiie  river  be  hard,  and  the  waternot  of  too  great  a  dspdi, 
he  fords  it.  But  when  he  crosses  great  rivets,  such  as  the  Gaines  and 
the  Niger,  the  elephant  swims  deep,  so  deep^  that  the  end  of  his  tmk 
only  is  out  of  the  water ;  for  it  is  a  matter  of  indifference  to  him 
whether  his  body  bo  completely  immersed,  provided  he  can  bring  the 
tip  of  his  trunk  to  the  surface,  so  as  to  breathe  the  external  air. 

Animals  of  the  doer  kind  frcrjuently  take  to  the  water,  especially  in 
the  rutting  season,  when  the  stags  are  seen,  swimming  for  several  leagues 
at  a  time,  from  island  to  island,  in  search  of  the  docs,  especially  in  tlie 
Canadian  lakes ;  and  in  some  countries  Avherc  there  arc  islands  near  iho 
sea-shore,  they  fearlessly  enter  the  sea  an<i  swini  to  them.  In  hunUng 
excursions,  in  North  America,  tha  elk  of  that  cuuiiLry  is  frequentlj 
pursued  for  great  distances  through  the  water. 

The  large  herbivorous  animali^  which  are  gregarious,  can  aavar 
remain  long  in  a  confined  region,  as  they  consume  so  much  ^ngbtM» 
food.  The  immense  hetds  of  bisons  (i^ot  Ammemut)  which  often, 
in  the  great  valleys  cC  the  Misdssippi  and  its  tributaries  Uackmi  the 

*Biiffoii,  ToL  y.  p.  204. 

f  Sir  T.  D.  Lankier,  Bart,  oa  the  floods  iax  Merayshira^  Au^  18M^  pi.  ae% 
second  edition. 
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surface  of  the  prairie  lands,  ate  oontiniially  ahifting  liheir  qnaiten, 
ibUowed  by  wolves,  which  }»owl  about  in  their  rear.  It  is  no  cxng- 
geration,"  says  Mr.  James,  to  assert,  that  ia  one  place,  on  the  banks 
of  the  Platte,  at  least  ten  thousand  bisons  burst  on  our  sight  in  an 

instant.  In  tlio  Tnorning",  we  a^in  sought  the  living  picture ;  but 
upon  all  tlie  plain,  which  last  evening  was  so  teeming  with  noble 
animals,  not  on«^  romnined."* 

Migratory  instincts. — Besides  the  dkip(^itioQ  common  to  the  inJi- 
Tidnals  of  every  species  slowly  to  extend  their  range  in  search  of  food, 
in  proportion  as  their  nuiiil>ers  augment,  a  migiator}'^  instinct  often 
dorelopes  itself  in  an  extraordinary  mwner,  when,  after  an  unusnally 
piolifio  season,  or  upon  a  sadden  searoity  prorisions,  great  miilti 
tiidea  are  threatened  by  fiunme.  It  may  be  wM  to  eoomerate  some 
enmpleB  of  these  migratioosi  because  they  may  pat  ua  upon  our 
guard  against  attribttting  a  high  antiquity  to  a  pardcnlar  speciea  merely 
because  it  is  diffused  over  a  great  apace ;  they  show  clearly  how  soon, 
in  a  state  of  nature,  a  newly  created  species  might  tpread  itself  in  eveiy 
direction,  from  a  single  point 

In  very  severe  winters,  great  numbers  of  the  black  bears  of  America 
migrate  from  Canada  into  the  United  States ;  but  in  milder  pennons, 
when  they  iiave  been  well  fed,  they  remain  and  hybernate  in  the  north.f 
The  rein-deer,  which,  in  Scandinavia,  can  scarcely  exist  to  the  south  of 
the  sixty -fifth  parallel,  descends,  in  consequence  of  the  greater  coldness 
of  the  climate,  to  the  littietii  degree  in  Chinese  Tartary,  and  often  roves 
Into  a  country  of  more  southern  latitude  than  any  pari  of  England. 

In  Lapland,  and  other  high  ktitudes,  the  common  squirrels,  whenever 
they  are  compelled,  by  want  of  provisiona,  to  quit  their  usual  abodes, 
migrate  in  aouiaog  numbers,  and  travel  directly  forwarda,  allowing 
neither  rocks  ncr  liwestB,  nor  the  broadest  waters^  to  turn  them  from  their 
oonse.  Great  numbers  are  often  drowned  in  attempting  to  pass  friths 
and  rivers.  In  like  manner  the  small  Norway  rat  sometimes  pursues 
its  migrations  in  a  straight  line  across  rivers  and  lakes;  and  I'ennant 
informs  us,  that  whon  the  rats,  in  Kamt-schatka,  become  too  numerous, 
they  gather  together  ia  tha  spring,  and  proceed  in  great  bodies  west- 
ward, s^viiuining  over  rivers,  lakes,  and  arms  of  the  sea.  Many  arc> 
drowned  or  destroyed  by  water-fowl  or  fish.  As  soon  as  they  have 
crossed  the  river  Pcnirinsk,  at  the  head  of  the  giiU  ot  the  same  name, 
they  turn  southward,  and  reach  the  rivers  Judoma  aud  Okotsk  by  the 
middla  of  July ;  a  district  more  than  800  miles  distant  from  their  pomt 
of  departure. 

The  lemings,  also^  a  small  kmd  of  rat,  are  desciibed  as  natives  of  the 
monntaina  of  EoleD,  in  Lapland ;  and  once  or  twice  in  a  quarter  of  a 
oentuiy  they  appear  in,  vast  numben»  advancing  along  the  ground,  and 
•*  devouring  every  green  thing.**  Innumerable  bands  march  from  the 

■ 

*Ilxpe<IItion  from  PittHburg  to  the  Rocky  MonntsiBB,  VoL  IL  |b  IML 
f  Hiciuurdaon'fl  Fauna  Bor«aU-Am«rioA&a,  p.  16. 
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Kolen,  throii!]^]i  Nordland  and  Finmark,  to  tlie  VV'estom  Ocean,  which 
they  immediately  enter;  and  after  swimming  about  for  some  time^  perish. 

fiff  9f 


Tb»  Lemingi  or  Lapland  Marmot  (Maa  L«iiuaas»  Luuu) 


Other  iMUub  take  their  route  thiough  Sweduh  Lapland,  to  the  Boduuao 
Gnl^  where  they  are  drowned  in  the  aune  manner.  They  are  Mowed 
in  their  joomeys  by  beara^  wolv€fl»  and  Ibze8»  which  }  rey  upon  them  ia- 
oeasantly.  They  generally  move  in  lines,  which  are  about  three  feet 
from  each  other,  and  exactly  panJlel,  going  directly  forward  through 
rivers  and  lakes ;  and  when  they  meet  with  stacks  of  hay  or  con^gsaw- 
ing  their  way  through  them  instead  of  passintr  round.*  These  eieur- 
sions  usually  precede  a  rigorous  winter,  of  which  the  lenungs  seem  in 
some  way  forewarned. 

Vast  troops  of  the  wild  ass,  or  onager  of  the  ancients,  whit  h  inlia^»it 
the  roountainous  dtscrts  of  (^reat  Tarlary,  feed,  durinG:  the  summer,  in 
the  tracts  east  and  north  of  Lake  Aral.  In  the  autumn  they  collect  in 
herds  of  hundreds,  and  even  thousands,  and  direct  their  course  towards 
Persia,  to  enjoy  a  warm  retreat  during  winter.f  Bands  of  two  or  three 
hundred  quaggas,  a  species  of  wild  ass,  are  tometimea  seen  io  migrste 
from  the  tropical  plains  of  southern  Africa  to  the  vicinity  of  the  MiJale- 
veen  River.  During  their  migrations  ihey  are  followed  lij  liom^  who 
slaughter  them  night  by  night^ 

The  migratory  swarms  of  the  springbok,  or  Cape  antelope,  afford 
another  illustration  of  the  rapidity  with  which  a  ies  under  certain 
drcumstances  may  be  diffused  over  a  continent,  Wlien  the  stagnant 
pools  of  the  immense  deserts  south  of  the  Orange  River  dry  up,  which 
often  happens  after  intervals  of  three  or  four  years,  myriads  of  these  ani- 
mals desert  the  parc.Jied  soil,  and  }>our  down  like  a  deluge  on  the  culti- 
vated regions  near  the  Cape.  The  liavoc  conimitted  by  them  resemble* 
that  of  the  African  locusts;  and  so  crowded  are  the  herds,  that  "the 
lion  ha.s  been  seen  to  walk  in  the  midst  of  the  compressed  phalanx  with 
only  as  much  room  between  him  and  his  victims  as  the  fears  of  those 
immediately  around  could  procure  by  presung  outwards.'^g 

•  Phil.  Tran?.,  vd.  ii.  p.  872. 

I  Wood's  Zoography,  voL  i  p.  11. 

i  On  the  tutboritjr  of  Mr.  OunpbelL   Library  of  Entert  Knoir.,  MeiMig«ri« 

vol.  L  p.  IT) 2. 

g  Cuvicr's  Animal  Kingdom  by  Griffitlis,  voL  iL  p.  109.  Library  of  Entertaio- 
tag  Knowledge,  Menageries,  vol  i.  p.  866. 
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Dr.  Uorsfield  mentions  a  unguUur  fact  in  regard  to  tlie  geographical 
distribution  of  iha  .}fi/(ltfU!i  mtUcqpt,  an  animal  intermediate  between 
tho  polecat  and  bjulixer.  It  inhabits  Java,  and  is  "  confined  exclusively 
to  those  mountains  wliicli  liavo  an  elevation  of  more  than  se^en  thousand 
feet  above  the  level  of  llu;  oeean  ;  on  these  it  occurs  with  the  same  regu- 
larity as  many  plants.  The  long  extended  surface  of  Java,  aboundincr 
with  conical  points  which  exceed  this  elevation,  allbrds  many  plact\s 
iaTOiable  fmt  its  TmoH,  On  ascending  these  mountains,  the  traveller 
toaiody  fiub  to  meet  with  this  animal,  whiob,  from  its  peculiarities,  is 
unxveiBally  known  to  the  inhabitants  of  these  elevated  trada,  while  to 
those  of  the  phuns  it  is  as  strange  to  an  animal  from  a  foreign  county. 


llydUaadiMp%«rMnr4MadtdMjdMi.  Lt«gtli,iMtidi«rllMUn,  ISisdMt. 

In  my  visits  to  the  mountainous  districts,  I  uniformly  met  with  it;  ttnd, 
as  far  as  the  inforii^tion  of  the  natives  can  be  relied  on,  it  is  found  on 
all  the  mountains."* 

Now,  if  asked  to  conjecture  how  the  Mydaus  arrived  at  the  elevated 
regions  of  each  of  these  isolated  mountains,  we  mij^ht  say  that,  before 
the  island  was  peopled  by  man,  by  whom  their  numbers  are  now 
thinned,  they  may  oceasionally  have  multiplied  so  as  to  be  forced  to 
collect  together  and  migrate :  in  which  case  notwithstandbg  the  slow- 
ness of  their  motions,  some  few  would  succeed  in  reaching  another 
mountain,  some  twenty,  or  even,  perhaps,  fifty  miles  distant ;  for  although  • 
the  climate  of  the  hot  intervening  plains  would  bo  unfavourable  to  them, 
they  might  support  it  for  a  time,  and  would  find  there  abundance  of 
insects  on  which  they  feed.  \'olcanio  eruptions,  which,  at  different 
times  have  covered  the  summits  of  some  of  those  lofty  cones  with  sterile 
sand  and  ashes,  have  occasionally  contributed  to  force  on  these 
migrations. 

Drij'tiiuj  of  animals'  on  ice-Jlws. — The  power  of  the  terrestrial  mam- 
malia to  cross  the  sea  is  very  limited,  and  it  was  before  stated  that  the 
•  same  species  is  scarcely  ever  common  to  districts  widely  separated  by 
the  ocean.  If  there  be  some  exceptions  to  this  rule,  they  generally 
admit  of  explanation ;  for  there  are  natural  means  whereby  some  animals 
may  be  floated  across  the  water,  and  the  sea  may  in  the  course  of  ages 

*  HonfleU^  Zookgieal  BeieaidMS  in  Java,  NOi  ii.,  fi«m  whioh  the  figure  \ 
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WW  a  wide  passage  through  a  neck  of  land,  leaving  individuals  of  a 
ipccies  on  each  side  of  the  new  channel.  Polar  bears  are  known  to 
have  been  frequ/^ntly  drifted  on  the  ice  from  Greenland  to  Iceland  :  tltey 
ran  also  swim  to  considerable  distances,  for  Captain  Parry,  on  the  return 
ot  his  sl)ip>  tbrouuli  Barrow's  Straits,  met  with  a  bear  swimming  in  the 
water  about  midway  bctvvecu  the  shores,  which  were  about  forty  milei 
apart,  and  where  no  ice  was  in  sight,*'  Near  the  east  coast  of  Green* 
land,"  oibsmea  Seoiesb},  ''they  have  been  teen  on  die  ke  in  anok 
qtuntitiet,  tbst  they  were  oompaied  to  flocks  of  sheep  on  a  Gommon; 
and  ihey  are  often  fbnnd  on  fiekUioe,  above  two  hundied  inUes  ttom  Ilia 
t]iora."f  Wolve^  in  the  aretio  legiona,  often  venture  upon  the  ioe  jmst 
the  shore,  for  the  purpose  of  preying  upon  young  seak  which  they  tHtt<' 
prise  when  asleep.  "When  these  ioe-floea  get  detached,  the  wolves  aie 
often  carried  out  to  sea ;  and  though  sunc  may  be  drifted,  to  islands  or 
continents,  the  greater  part  of  them  perish,  and  have  been  c^ten  heard 
in  this  situation  howling  dreadfully,  as  they  die  by  fiaminc* 

During  the  short  summer  wliich  visits  Melville  Island,  various  plants 
push  forth  their  leaves  and  tlowers  the  moment  tln^  snow  is  off  the 
ground,  and  form  a  carpet  spangled  with  the  most  lively  colours.  Tiit'si 
secluded  spots  are  reached  annually  by  herds  of  musk-oxen  aiid  rein- 
deer, which  travel  immense  distances  over  dreary  and  desolate  regions, 
to  gnne  undisturbed  on  these  luxuriant  pastures^  Ihe  rein-deer  often 
pass  along  in  the  same  manner,  by  the  chain  of  tbe  Aleutian  IsUoda, 
^  from  Behring's  Straits  to  Bountwhatka,  subsisting  on  the  mo«  found  in 
these  islands  during  their  pasaage.|  But  the  muBk-%>x,  notwithttsnding 
its  migratory  habits,  and  its  long  journeys  over  the  ioe^  does  not  exist 
either  in  Asia  or  Greenland.^ 

On  Jloaling  islands  of  drjftrwood, — "Within  the  tropics  there  are  no 
ice-floes ;  but,  as  if  to  compensate  for  that  mode  of  transportation,  rh.  ro 
are  floatiuL?  islets  of  matted  trees,  which  are  often  borne  al-mq-  J?ir<>u_'^li 
considerable  spaces.    These  are  sometimes  seen  sailing  at  i!..  ]i  (an.  e 
of  lifty  or  one  hundred  miles  from  the  mouth  of  the  Gangc--  ^Mt[l  1;  \  iiig 
trees  standing  erect  upon  them.    The  Amazon,  the  Cougu,  aud.  the 
Orinoco,  ako  produce  these  vtidaiu  rails,  which  are  formed  in  the 
manner  already  described  when  speaking  of  the  great  raft  of  the  Atcha* 
ialaya,  an  arm  of  the  Idittissippi,  where  a  natural  bridge  of  ttmber,  ten 
miles  long,  and  more  than  two  hundred  yacds  wide,  existed  for  moone 
than  forty  years,  supporting  a  luxuriant  vegetatioa«  and  riiiiig  and 
sinking  with  the  water  which  flowed  beneath  it 

On  these  green  islets  of  the  Mississippi,  observes  Malt e-B run,  yoQ&g 
trees  tahe  root,  and  the  pistia  and  nenuphar  display  (heir  yellow 

*  Append,  to  Parry's  Second  Voyage,  yean  18I9-Mk 

■  ■  Account  of  the  Arctic  T!t  L'i r  ns,  vol.  i.  p.  51^^. 
:  Turton  in  a  note  to  (ioldsmith  d  Isot  IlisL,  voL  iiu  p.  4Si 
I  Supp1«mflBt  to  Parry's  First  Yoyajre  of  Diioovery,  pk  189 
Golamftn's  American  Nat.  IliflL  vol.  L  p.  22. 

*  [  Dr.  Richardson,  Brit  Assoc.  fieport,  voL  v.  p.  16i. 
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fliMren:  serpentai  birds,  and  the  oayniaQ  alligitor,  oome  to  repose 
there,  and  all  are  sometimes  oanied  to  the  aea  and  60giil|khed  in  ite 

waters.* 

Spix  and  Martius  relate  that,  during  their  travels  in  Brazil,  tliey  wore 
exposed  to  great  danger  whil«3  n**  »^ndiDg  the  Amazon  in  a  cauoe,  from 
the  vast  quantity  of  driti-wood  constantly  propelled  against  them  by 
the  current ;  so  much  so,  that  their  safety  depended  on  the  crew  being 
always  on  the  alert  to  turn  ahide  the  trunks  of  trees  with  long  poles. 
The  tope  alone  of  some  tieee  appeared  above  water,  others  had  their 
roots  attached  to  them  with  so  much  soil  that  they  might  be  compared 
to  floating  istots.  On  these^  say  the  traTellers,  we  saw  some  Teiy 
angular  asiemUages  of  animahi,  pursaing  peaoefolly  their  nnoertain 
way  in  strange  companionship.  Ota  one  raft  were  se?eral  grave-looking 
storks^  perched  by  the  side  of  a  party  of  monkeys,  who  made  comical 
gestures,  and  burst  into  loud  cries,  on  seeing  the  canoe.  On  another 
was  scon  a  number  of  ducks  and  divers,  sitting  by  a  group  of  squirrels. 
Next  eame  down  upoi»  the  stem  of  a  lar<^e  rotten  cedar  tree,  an  enormous 
crocodile,  by  the  side  of  a  tiger-cat,  both  animals  regarding  each  other 
with  hostility  and  mistrust,  but  the  saurian  being  evidently  most  at  his 
ease,  as  conscious  of  his  superior  strength.f 

Sindhir  green  rafts,  principally  composed  of  canes  and  brushwood, 
are  called  *'cameIotes"  on  the  Parsna  in  South  America ;  and  they  are 
oocMionally  carried  down  by  inundations,  bearing  on  them  the  tiger, 
cayman,  squirrels,  and  other  quadrupeds,  which  are  said  to  be  always 
tenoisrtricken  on  their  floating  habitation.  Ko  less  than  f<Mir  tigers 
(pumas)  were  landed  in  this  raannner  in  one  night  at  Monte  Vided,  lat 
85°  S.,  to  the  great  alarm  of  the  inhabitants,  who  found  them  prowling 
about  tlie  streets  in  the  moming.| 

In  a  ni(  rnoir  lately  published,  a  naval  officer  relates  that,  as  he 
returned  liom  ( 'liiiia  by  the  eastern  passage,  h*-  f*-)!  in.  iimong  the  Mo- 
luccas, witij  several  small  floating  islands  of  this  kmd,  covered  with  man- 
grove trees  interwoven  with  underwood.  The  trees  and  shrubs  retained 
thttr  verdure,  receiving  nourishment  from  a  stratum  clwcal  which  fionned 
a  white  beach  round  Uie  margin  of  each  raft,  wheie  it  wss  exposed  to 
the  washing  of  the  wares  and  the  rays  of  the  sun.§  The  occurrence 
of  soil  in  such  situations  may  essily  be  espbined*;  for  all  the  natural 
bridges  of  timber  which  occssionally  Gonnect  the  islands  of  the  Ganges, 
Missinippi,  and  other  rivers,  with  their  banks,  are  exposed  to  floods  of 
water,  densely  charged  with  sediment 

Captain  W.  H.  Smyth  informs  me,  that,  when  cniising  in  the  C<>ni- 
wallis  nmirl?^t  tbo  Philippine  Islands,  he  has  more  than  one<»  ^<hm5,  al:cr 
those  dreadful  hurncanes  called  typhoons,  floating  masses  ot  wood,  with 

•  SvBt«ni  of  Geographyf  vol.  v.  p.  167. 

f  Spix  eadMaruiii^  B«lse,  «bc.,  vol  iiL  ppw  1011. 1019. 

t  Sir  W.  Pariah's  BMnoe  Ayrei^  p.  187.,  sad  Bob«rlson%  Lrttan  en  tas 

§  united  Ssrviee  JonmAl,  No.  xdv.  p^  697. 
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Ms  growing  them,  and  ships  have  sometimes  been  in  immioeiU 
peril,  as  often  as  these  islands  wears  TnistAkwi  for  trnm,  fiimai  whni,  is 

tact,  thoy  were  in  rapid  motion. 

It  is  liiL,'lily  intorestiii!?  to  trnee,  in  imagination,  tliti  t-ffects  of  the 
passaj^o  of  thes^^  rafts  from  tlie  mouth  of  a  lar<;o  river  to  some  arcbi- 
}^K.'lago,  such  Jis  those  in  the  South  Pacitic,  raised  from  the  deep,  in  com- 
paratively modern  times,  by  the  operations  of  the  volcano  and  the  canii- 
quake,  uud  the  joint  labours  of  coral  animals  and  tcstacea.  If  a  storm 
arise,  and  the  firsil  remA  be  wiecked,  still  many  a  Urd  and  insect  ntj 
Miooeed  in  gaining,  by  flight,  some  ifllaod  of  die  newly  fbnned  group, 
while  the  eeeds  and  benfes  of  herbs  and  ehrubs,  which  fall  into  the 
wa^es,  may  he  thrown  upon  the  strand.  But  if  the  sur&oe  of  the  deep 
be  c^m,  and  the  raf^  are  carried  along  by  a  cttfient|  or  wafted  by  flooM 
slight  breath  of  «r  fiuming  the  foliage  of  the  green  trees,  it  may  arrive, 
after  a  passage  of  several  w^ks,  at  the  bay  of  an  island,  into  whieh  its 
plants  and  animals  may  be  poured  out  as  from  an  arlr,  and  thus  a  ookli^ 
of  several  hundred  new  spe<'ieft  may  at  once  be  naturalized- 

Tho  reader  should  be  reminded,  that  I  merely  advert  to  the  tranvjNtr- 
tation  of  tbei>e  rafts  as  of  extremely  rare  and  accidental  occurrence  :  l-ut 
it  may  account,  in  tro|»ical  countries,  for  some  of  tlie  rare  exceptions  to 
the  general  law  of  the  contined  raugo  of  mamniiferous  species. 

MtgratioM  of  tie  Cetaeea* — Many  of  the  CelAoea,  tlM  whalei  of  the 
noffthem  aeas  for  example,  are  found  to  deeert  one  tract  of  the  sea,  and 
to  visit  another  veiy  distant,  when  they  are  niged  by  want  of  food,  or 
danger.  The  seals  also  retire  iBrom  the  coast  of  Greenland  in  July,  return 
again  in  September,  and  depart  again  inlCarcb,  to  return  in  June.  Ihey 
proceed  in  great  droves  northwards,  directing  their  course  w  here  the  sea 
is  most  free  from  ice,  and  are  observed  to  be  extremely  fiit  when  they 
set  out  on  this  expedition,  and  very  lean  w  hen  they  come  home  again.* 

Species  of  the  Mediterranean,  Blnrk  Sca^  and  Caspian  i(ftnfiraf. — 
Some  naturalists  have  wond^  r'-'i  that  the  seaH-ahes,  d<.»lj»hins,  and  <.«ther 
marine  mammalia  of  the  Mediterranean  an<l  l>lack  Sea,  should  h*i  iden- 
tical with  those  found  in  the  Caspian  :  and  among  other  fam  it'ul  theories, 
thev  have  susfgested  that  they  nui  v  *iive  through  subterranean  couduils, 
and  thus  pa.ss  from  one  sea  into  the  other.    Butas.tho  occurrence  of 
wolves  and  other  noxious  animals,  on  both  sides  of  the  Biitish  Ouooel, 
was  adduced,  by  Verstegan  and  ]>esmarest,  as  one  of  many  arguments 
to  prove  that  England  and  Fkance  were  onoe  united ;  so  the  ooRespon- 
deace  of  the  aquatic  species  of  the  inland  seas  of  Asia  with  those  of  the 
BhKsk  Sea  tend  to  confirm  the  hypothesis,  for  which  there  am  afaindaaos 
of  independent  geological  data,  that  those  seas  were  connected  tOjgsdMi 
by  straits  at  no  remote  period  of  the  earth's  histoiy. 

Otoffraphical  JJiJitnbution  and  Migrations  of  Birds. 
I  shall  now  oflfer  a  few  observations  on  some  of  the  other  divisMBa  of 
*  Kraot^  voL  L  pw  129^  cited  bj  Goldsmitb,  Nat  Hisi,  vol  iii.  p.  260. 
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die  aaiinal  IdngdoitL  Biidfl|  aotwithatimding  thilr  gi«at  looomotivte 
powers,  form  no  exception  to  tho  general  rules  already  laid  dowQ ;  but^ 
tn  this  daaSi  ai  in  plants  and  terrestrial  quadrupeds,  ditforcnt  gtcnpB  of 
species  are  circumscribed  within  definite  limits.  We  find,  for  example, 
rne  assembbfre  in  the  Brazih,  another  in  the  same  latitudes  in  Centml 
Africa,  nt)(>(}i>  r  in  India,  and  a  fourth  in  New  ITolland.  Of  twentv-six 
ditierent  species  of  land  birds  found  in  tho  Galapagos  archipelagt>,  all, 
with  the  exception  of  one,  are  distinct  from  those  iuhabitinrr  other  parts 
of  the  globe;*  and  in  other  archipelagos  a  single  island  sometimes  con- 
tains a  species  found  in  no  other  spot  on  the  whole  earth ;  as  is  excm- 
pfifitid  in  acme  of  the  parrot  tribes.  In  this  extensive  fkmilj,  which  aie, 
with  few  ezccptioiis,  inhaMtants  of  tropical  tegions,  the  American  group 
has  not  one  in  common  with  the  Afiiean,  nor  either  of  these  with  the 
noiTota  of  Lidia-t 

Another  illustration  is  afforded  by  that  minute  and  beautiful  tribe^ 
the  hummtng-birds.  The  whole  of  them  tare,  in  the  first  place,  peculiar 
to  the  new  world ;  but  some  species  are  confined  to  Mexico,  while 
others  exist  only  in  Rome  of  tbo  Wost  India  Islands,  and  have  not 
been  found  elsewhere  in  the  western  hemisphere.  Yet  there  are  s{ie- 
cies  of  thi>i  family  which  have  a  vast  range,  as  the  TrochUus  Jtam- 
mifrons  (or  Mellisur/a  Kingii)^  which  is  found  over  a  space  of  2500 
miles  on  the  we»t  cojtst  of  South  America,  from  the  hot  dry  country 
of  Lima  to  the  hnnud  forests  of  Tierra  del  Fuego.  Captain  King, 
during  his  survey  in  the  years  1826-80,  found  this  bird  at  the  Straits 
of  Magellan,  in  the  monUi  of  May — the  depth  of  winter-HRioking  the 
flowers  of  a  large  species  of  fnchsia,  then  in  bloom,  in  the  midst.of  a 
shower  of  snow. 

The  ornithology  of  our  own  country  affords  one  uell-known  and 
striking  exemplification  of  the  law  of  a  limited  specific  range;  for  the 
common  grouse  (Tetra  wriuMt)  occurs  nowhere  in  the  known  world 
except  in  the  British  islps. 

Rome  specie.s  of  the  \ailtnre  tribe  are  said  to  be  cosmopolite^ :  n?>d 
the  common  wild  choose  [Anax  ans^r.  Linn.),  if  we  may  believe  some 
ornitholog-ists,  is  a  general  inhabitant  of  the  globe,  being  met  with  from 
Laplafid  to  the  Cape  of  Good  Hope,  frequent  in  Arabia,  Persia,  China, 
and  Japan,  and  in  the  American  continent  from  Hudson^s  Bay  to  South 
CSaiollna.{  An  eztrBordinaTy  range  has  also  been  attributed  to  the 
nightingale,  which  extends  from  western  Europe  to  Persia,  and  still  far- 
ther. In  a  work  entitled  Specchio  Compandvo^§  by  Charles  Bonaparte, 
many  species  of  birds  are  enumerated  as  common  to  Borne  and  Phila- 
delphia: the  greater  part  of  these  are  migratory,  but  some  of  them, 
such  as  the  long-eared  owl  (Strix  otus)^  are  permanent  in  both  countries. 
The  correspondence  of  the  ornithological  fimna  of  the  eastern  and 

•  Darwin's  Journal,  Ac,  p.  461. 
1  Prichard,  vol.  i.  p.  47. 

I  Bewick's  BirJ^  voL  ii.  p.  2M»,  wiio  cites  Tistbsm. 
g  V'm,  1827  (not  sold). 
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western  hemispheres  increases  oonsi  leraUy,  as  might  have  been  aatioi' 
patcd,  in  h'nAi  northern  latitudes.  * 

Their  j\:ciiitif;f  of  diffusion. — In  parallel  zon^  of  the  northern  and 
southern  hemi!5}jh..'res,  a  great  general  correspondence  of  form  is 
observable,  both  in  the  aquatic  and  terrestrial  biiil*;  lnjl  ilicre  is  rarelr 
any  specific  iUentitj ;  and  thia  phenomenon  is  truly  rcinarkaUe,  when 
w«  ncoUect  tlio  mdiness  with  which  some  birds,  Dot  gifted  with  great 
powers  of  flight,  shift  their  qnarten  to  diffinent  regions,  and  the 
lity  with  which  otheiSi  possessing  great  strength  of  wing,  peiibnn  their 
atrial  Toyage.  Some  migrate  periodically-  from  high  hititades,  to  avoid 
the  oold  of  winter,  and  the  accompaniroenti  of  cold, — scaidty  of  iweeti 
and  vegetable  food;  others,  it  is  add,  for  some  parttcnlar  kinds  of  natri* 
meat  inquired  for  rearing  their  young:  for  this  purpose  they  often  tra- 
verse the  ocean  for  thousands  of  miles,  and  leeross  it  at  other  periods, 
with  equal  security. 

Periodical  mif,'rations,  no  less  regular,  are  mentioned  by  Humboldt, 
of  many  American  water-fowl,  from  one  part  of  the  tropics  to  another, 
in  a  zone  where  there  is  the  same  temperature  throus^liout  the  year. 
Immense  flights  of  ducks  leave  the  valley  of  tiie  Orinoco,  wheu  the 
increasing  depth  of  its  waters  and  the  flooding  of  its  sb(Mres  |H«v6Dt 
them  from  catching  flsh,  insects,  and  aquatic  worms.  They  then  betake 
themselves  to  the  Rio  Negro  and  Amason,  having  passed  from  the 
eighth  and  thud  degrees  of  north  latitude  to  the  fliat  and  fonrth  of  south 
latitude,  directing  their  course  south-eonth-cast.  In  Septraaber,  when 
the  Orinoco  deeieasee  and  re-enters  its  channel,  these  birds  return  north- 
wards.! 

The  insectivorous  swallows  whicli  visit  our  island  would  perish  during 
winter,  if  they  did  not  annually  repair  to  warmer  climes.  It  is  supposed 
that  in  these  aerial  excunsions  the  average  rapidity  of  their  flig-ht  is  not 
le^;H  (han  fifty  miles  an  hour;  so  that,  when  aided  by  the  wiod,  they 
80  11  n  ach  warmer  latitudes,  SpallanKani  calculated  that  (be  swallow 
can  TiV  at  tho  rate  of  nincty-Lwu  miles  an  hour,  and  conceived  that  the 
rapidity  of  the  swift  might  be  three  times  greater.^  The  rate  of  ffight 
of  the  eider  duck  {Jbm  tnoUimma)  u  said  to  be  nine^  miles  an  hour; 
and  Baehman  aays  that  the  hawk,  wild  pigeon  (Columba  miffratana), 
and  several  species  of  wild  ducks,  in  North  America,  fly  at  tho  rate  oif 
finiy  miles  an  hour,  or  nearly  a  thousand  miles  in  twenty-four  hours.  J 

When  we  reflect  bow  easily  different  species,  in  a  great  Iaj>se  of  agea, 
may  be  each  overtaken  by  gales  and  hurricanes,  and,  abandoning  theat- 
selves  to  the  tempest,  be  scattered  at  random  through  various  regions 
of  tho  earth's  surface,  where  the  temperature  of  the  atmoi^phere,  the 
vegetrttioT],  tirid  the  animal  productions,  might  be  suited  to  their  wm»s. 
we  shall  be  prepared  to  find  some  species  capriciously  distributed,  uid 

*  BaahmsB,  ffilliman's  Amer.  Jonnu,  Ho.  61*  p. 

t Voyage  aux  Regions  Kouinoxiale^  toms  vit  |X  4111 
fl«miug,  PhiL  ZooL,  vol  ii.  p.  ^ 
Bintmsa's  Amer,  Jon,  Ka  61*  pi  8S. 
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to  be  sometimes  unable  to  detemdno  tbe  native  countriea  of  each. 
Captain  Smyth  informs  me,  that,  when  engaged  in  his  survey  of  the 
Mediterranean,  he  encountered  a  gale  in  the  Gulf  of  Lyons,  at  the  dn* 

tancc  of  between  twenty  and  thirty  leagues  from  tlie  coast  of  France, 
wliirh  bore  aIon<:r  many  land  birds  of  various  speoi'*s,  somo  of  wliich 
ali^ijtcd  on  the  ship,  while  others  were  thrown  with  violence  against  the 
sails.  In  this  manner  islands  become  tenanted  by  species  of  birds 
inhabiting  the  nearest  mainland. 

Oeoffraphkal  JHtirihtHon  and  DiiMminatwn  of  RcptiUs, 

« 

A  few  facts  respecting  the  third  great  daaa  of  vertebrated  animals 
will  anffioe  to  ehow  that  the  plan  of  nature  in  regard  to  their  location 
on  the  globe  is  perfectly  analogous  to  that  already  exemplified  in  other 
parts  of  the  organic  creation,  and  has  probably  been  determined  by 

similar  rauscs. 

Ilabilatioiis  of  reptiles. — Of  the  crreat  f-aurians,  the  gavials  which 
inhabit  the  Ganges  differ  from  the.  caymau  of  America,  or  the  crocodile 
of  the  Nile.  The  monitor  of  New  Holland  is  specifically  distinct  from 
the  Indian  species ;  these  latter,  again,  from  the  Afrioan,  and  all  from 
their  eongenen  in  the  new  world.  Soinregardtosnahcs;  welSndthe 
bom  of  America  represented  by  the  python,  a  different  though  nearly 
allied  genns  in  India.  America  is  the  oonntry  of  the  rattlesnake; 
Africa,  of  the  cerastes;  and  Asia,  of  the  hooded  snake,  or  cobra  di 
capellob  The  amphibious  geneia  Siren  and  Menopoma  belong  to  Ncnih 
America,  possessing  both  lungs  and  gills,  and  respiring  at  })leasure 
either  air  or  water.  The  only  analo^^ous  animal  of  the  old  world  is 
the  J'roteiis  anguinus  of  Uie  lakes  of  Lower  Camiola,and  the  grotto  of 
Adelsberg  between  Trieste  and  Vienna.* 

There  is  a  legend  that  St.  Patrick  expelled  all  reptiles  from  Ireland ; 
and  certain  it  is  that  none  of  the  three  species  of  snakes  common  in 
England,  nor  the  toad,  have  been  obsenrcd  there  by  naturalists.  They 
have  our  common  firog,  and  our  water-newt,  and  aoooiding  to  Ray 
(Quad.  294.),  the  green  lisard  (Lacerla  viridu). 
'  Migraiiom  ^  th$  lar^  rep^e«,— The  range  of  the  large  reptiles  is, 
in  general,  quite  as  limited  as  that  of  some  orders  of  the  terrestrial 
ipfttniwlta.  Jbe  great  sanrians  sometimes  cross  a  considerable  tract  in 
order  to  pass  from  one  river  to  another ;  but  their  motions  by  land  are 
generally  slower  than  those  of  quadrupeds.  By  water,  however,  they 
may  transport  themselves  to  distant  situations  more  easily.  The  larger 
alligator  of  the  Ganges  sometimes  descends  beyond  the  brackish  water 
of  the  delta  into  the  sea;  and  in  f^uch  cases  it  might  chance  to  bo 
drifted  away  by  a  current,  and  survive  till  it  reached  a  shore  at  some 
distance ;  but  buch  casualties  are  probably  very  rare. 

Turtles  migrate  in  large  droves  from  one  part  oftiM  ooean  toanoHier 

•  Biobsidaon,  Brit;  Aisoe.  lUpb,  vol  m 
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during  the  ovipositing  season ;  and  they  find  their  way  anntially  Vy  the 
island  of  Asc^^n^ion,  fr<^m  wliicli  tl>o  Doarest  land  is  about  800  miles 
distant.  Dr.  FieminL,'  u^cniions,  that  an  individual  of  the  hawk's  bill 
turtle  [Chelonia  imbrtcata),  so  common  in  the  Amencan  seas,  has  been 
takeu  at  Papa  Stour,  one  of  the  West  Zetland  Islands  ;*  and,  according 
to  Sibbald,  "  the  same  animal  came  into  Oikney."  Another  was  taken, 
ill  1  ( 74,  in  the  Severn,  according  to  Turton,  Two  instances,  also,  of 
the  oGGiim&oe  of  tli%  kalkem  tortoise  {O.  corweni),  on  ^  ootit  cf 
CornvBl],  in  1756,  are  nMntioned  by  Borlase.  These  animak  of  move 
southern  sess  can  be  considered  only  as  stra^glersi  attracted  to  our 
shores  during  UBoommonly  watm  seasons  by  an  abundant  supply  of  fobd, 
or  oanied  by  the  Gulf  stream,  or  driven  by  stotms  to  high  latitudes. 

Some  of  the  smaller  reptiles  lay  their  egg&  on  aqnatio  plants ;  and 
thaw  must  often  be  borne  rapidly  by  nvers,  and  conveyed  to  distant 
regions  in  a  manner  similar  to  the  dispersion  of  seeds  before  ailvorted  to. 
But  that  the  larirer  ophidians  may  be  themselves  transported  across  the 
seas,  is  evid^^nt  from  the  following  most  interestinor  aocount  of  the  arrival 
of  one  nt  til.  i^^laad  of  St.  Vincent.  It  is  worthy  ot  i^eing  reconlod,  says 
Mr.  Guilding,  "  that  a  noble  specimen  of  the  Boa  cmstrictor  was  lately 
conveyed  to  us  by  the  currents,  twisted  round  the  trunk  of  a  large  sound 
cedar  tree,  which  had  probably  beeu  washed  out  of  the  bank  by  the 
floods  of  some  great  South  American  river,  white  its  huge  folds  hung  on 
the  branefaei^  as  it  waited  for  its  prey.  The  monster  waa  forUmately 
destroyed  after  hilUng  a  few  sheep^  and  his  skeleton  now  haiig^  belbm 
me  in  my  studji  patting  me  in  mind  how  much  reason  Imigbt  hate  had 
to  fear  in  my  fotme  rambles  through  the  forests  of  St  Vincent,  had  this 
Ibrmadable  reptile  been  a  pregnant  female,  and  escaped  to  a  safe  relreat**t 
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Qtographkid  IHHrihuiuM  and  JUtgraHont  pf  lUL 

Although  we  are  less  acquainted  with  the  habitations  of  mariao  uniiu;u6 
than  with  the  grouping  of  the  terrestrial  species  befi;>re  described,  yet  it 

•  Brit.  Animals,  p.  149.,  "who  cit' ?  SiMjald. 
t  ZooL  Journ.  vol  iiL  p.  406.   Deo.  1827. 
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is  well  ascertalne'l  that  their  distribution  ia  govcrne*]  ]>v  the  same  general 
laws.  Tlie  tt^«(in)ony  borne  by  MM.  P6ron  and  Ivosuour  to  this  important 
fiwit is  remarkably  stroncf.  These  etninont  nafurMlisU;,  aftor  collt-'cting  and 
describing  many  thousaud  species  of  maritic  atnnmls  which  Uiey  brought 
to  Europe  from  the  eouthem  hemispiicre,  insist  most  emphatically  ou 
tiiflir  dtttliietiMas  from  those  lunih  of  the  equator ;  and  thk  lemark  tiny 
extend  to  animals  of  aU  -daasea,  ttom  thoae  of  a  tnoie  aimple  to  those  of 
a  mote  complex  otgamntioii— from  the  Bpongea  and  Heduaie  to  the 
Cetacea.  "  Among  all  those  which  we  ha^e  been  able  to  examine^**  aay 
they^  "  with  our  own  eyei^  or  with  regard  to  which  it  has  appeared  to  us 
poRsiM<^  to  pronoMnce  with  certainty,  there  w  not.R  single  animal  of  the 
southern  recfioiis  which  is  not  distiufjuishcd  iy  eaaential  cbaxacten  firam 
(lie  analogous  specit^  in  the  northern  seas."'* 

On  comparincf  the  freshwater  fish  of  Europe  and  North  Amenoii,  Sir 
John  liichardhou  remarks,  that  the  only  species  which  is  unequivocally 
common  to  the  two  contlnenta  is  the  pike  (Etox  Itidut) ;  and  it  is  curious 
that  this  fish  is  unknown  to  the  westward  of  the  Bodrfr  Mountains^  the 
ntf  coast  which  approaches  nearest  to  the  old  oontinentf  Acooiding 
to  the  same  autiior  the  genera  of  freshwater  fish  in  China  agree  closely 
with  those  of  the  peninsula  of  India,  but  the  species  are  not  the  same. 
"  As  in  the  distribution,"  he  adds,  "  of  marine  fish,  the  interposition  of  a 
continent  stretehinc^  from  the  tropics  far  into  the  temperate  or  colder 
parts  of  the  ocean,  separate  different  ichtl)  vological  groups ;  so  witli  rosjxxl 
to  the  freshwater  Rpeeie<».  the  intrusion  oi  arms  of  the  sea  running  far  to 
the  northwards,  or  the  interposition  of  a  lofty  mountain-chain,  efiects  tlie 
same  thing.  The  fnAtiMtgt  fish  of  the  of  Good  Hope  and  the 
South  American  ones,  are  difierent  from  those  of  India  and  China,  ke,^ 

Cuvier  and  Valenciennes^  in  their  **  Histcnre  des  Poissons,"  observOi 
that  veiy  few  species  of  fish  cross  the  Atlantic.  Althou^  dieir  state- 
ment is  correct,  it  is  found  that  a  great  many  species  are  common  to  the 
oppOMte  sides  of  the  Indian  Ocean,  inhabiting  alike  the  Red  Sea,  the 
eastern  coast  of  Africa,  Madagascar,  the  Mauritius,  the  Indian  Ocean, 
the  southern  seas  of  Uhina,  the  Malay  archipelago,  tlie  northern  coasts 
of  Australia,  and  the  whole  of  Polynesia  !§  This  very  wide  ditlu&iou, 
says  Sir  J.  Richard^u,  may  have  been  promoted  by  chains  of  islands 
running  oitst  and  west,  which  are  wanting  in  the  deep  Atlantic.  An 
archipelago  extending  &r  in  longitude,  fitroms  the  migration  of  fish  bj 
multiplying  the  places  of  deposit  for  spawn  akmg  the  shores  of  islandS) 
and  on  interreomg  coral  banks;  and  in  such  places,  also^  fish  find  their 
appropriate  food. 

The  fiying  fish  arc  found  (some  strag^en  excepted)  only  between  the 
tropics :  in  receding  from  the  line,  they  nerer  approach  a  higher  latitude  . 

*  Sur  les  Jlahitations  des  Animnux  Mnrins. — ^Ann.  do  Maa,{^aBia ZVi, Oltsdhf 
Prichard,  Vhys.  Hist,  of  Mankind,  vol,  i.  p.  HI. 

iBrit  A  doc.  lie  porta,  vol,  v.  p.  203. 
Report  to  the  Brit  Ap.*oc.,  IMfi^  pb  198. 
Ricbardsoo,  ibid,  190. 
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than  the  fortieth  parallel.  The  course  of  the  Gulf  stream,  however,  and 
the  warmth  of  its  water,  enable  sr.iiii'  ti  'tpical  fish  to  evtond  tli'^ir  habita- 
tions far  into  the  temperate  zone  ;  thus  the  cluetodviib  which  abound  in 
tiie  seas  of  hot  elimates,  are  found  amonc^  the  Bermudas  on  the  thirty- 
second  parallel,  where  they  arc  preserved  in  b!l^ius  incJoscd  from  the  &ea, 
AS  an  important  article  of  food  for  the  garrisoii  luid  inhabitants.  OtW 
fish,  following  the  dneotion  of  the  same  great  enneiit,  range  from  Ike 
coast  of  Bail  to  the  bulks  of  Newfimodknd** 

All  are  aware  that  there  are  oertaia  fish  of  passage  which  have  their 
peiiodioat  migratknis,  like  some  tribea  of  Inrda.  The  aalmoii,  towaids 
the  season  of  spawning;  asoends  the  rivers  for  htmdrcds  of  males,  leapoig 
.up  the  cataracts  which  it  meets  in  its  course,  and  then  retreats  arrain 
into  the  depths  of  the  ocean.  The  herring  and  the  haddock,  after  fre- 
quentinpf  certain  shores,  in  vast  slioala,  for  a  series  of  years,  desert  them 
Again,  and  resort  to  other  stations,  followed  by  the  species  which  })n  y  on 
them.  Fx'ls  are  said  to  descend  into  the  st^'a  fortlie  purpose  of  prwlucinfr 
their  younj;,  which  are  seen  retumincf  into  the  fresh  water  by  mvriads, 
extremely  small  in  size,  but  possessin^j  tlie  power  of  surmountino;  every 
obstacle  which  occurs  in  the  course  of  a  river,  by  applying  tlieir  slimy 
and  glutinous  bodies  to  the  surface  of  rocks,  or  the  gates  of  a  lock,  e^en 
idien  dry,  and  so  climbing  over  itf  Belbre  the  year  180O  there  were  no 
eek  in  Lakie  Wener,  the  largest  inland  lake  in  Sweden,  whidi  discharges 
ita  wateia  "by  the  celebrated  cataracts  of  IMhftttan.*  Bnt  lam  infonned 
by  Professor  KiIsmhi,  that  rinoe  the  emi  irta  opened  uniting  the  rivet 
Gotha  with  the  lake  by  a  series  of  nine  locks,  each  of  great  height,  eeb 
have  been  observed  in  abundance  in  the  lake.  It  appean^  therefore,  that 
though  they  w  ere  unable  to  aaoend  the  ialia,  they  have  made  their  way 
l)y  the  locks,  by  which  in  a  veiy  short  qiace  n  diflforence  of  level  of  114 
feet  is  overcome. 

Gmelin  says,  that  the  Anseres  (wild  c^^cse,  ducks,  and  other*)  stil>?ist, 
hi  their  migrationa,  ou  the  spawn  of  iish ;  and  that  oftentimes,  when 
they  void  the  spawn,  two  or  three  days  afterward?,  the  egtjs  retain  their 
vitality  umixipaired.^    When  tlicre  arc  many  disconnected  freshwater 
lakes  in  a  mountainous  region,  at  various  elevations,  each  remote  fonn 
the  other,  xt  has  often  been  deemed  incono^vable  how  they  ooold  all 
,  become  stocked  with  iish  from  one  common  sonroe ;  .but  it  has  been  s^g* 
gested,  that  the  minute  ^gs  of  these  animals  may  sometunea  be  enlsfr' 
gled  in  the  feathers  of  wate^fowL  lliese,  when  they  al^t  to  wash 
and  plume  themselves  in  the  water,  may  often  unconsciously  con- 
tribute to  propagate  swarms  of  fish,  which,  in  due  season,  wili  suppfy 
them  with  food.   Some  of  the  water-beetles,  also,  as  the  Dyticid«,  aw 
amphibious,  and  in  the  evening  quit  their  lakes  and  pool^i,  and,  flying  in 
the  air,  tra?iP])ort  tlie  minute  (ivn  of  tishes  to  distant  waters.    In  this 
manner  some  naturalists  account  for  the  fry  of  fi&h  appearing  oocaaon- 

♦  P*r  T       hardson,  ibid.  p.  J«K  f  PWL  Tmu.  IW,  S9i 
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ally  in  small  poob  camed  by  heavy  rains ;  but  the  showen  of  matt  fiib, 
atAted  in  so  many  aGCoimta  to  have  fiiUen  from  the  atnuMqpihera,  nqpiie 
&rther  inveatigatioii* 

Otographiccd  Dittribution  and  M^frations  of  Tatacea, 

The  TesUicc'H,  of  which  so  great  a  variety  of  species  occurs  in  the  sea, 
aie  a  daa  of  animals  of  peculiar  importance  to  the  geologist ;  became 
thttr  lemaina  are  found  in  strata  of  all  ages,  and  generally  in  a  higher 
atate  of  preservatioii  than  those  of  other  organic  beinga.  Climate  baa 
a  decided  inflaenoe  .on  the  geographical  diatrifaution  of  species  in  thia 
daaa;  but  as  there  is  much  grater  unifonnity  of  temperature  in  the 
waters  of  the  ocean,  than  in  the  atmosphere  which  invests  the  land,  the 
diffiisioii   r  marine  molUislcs  is  on  the  whole  more  extPn<«ivo. 

Some  Jorriis  attain  their  fullest  dfvelopmeTit  in  warm  latitvidos :  and 
are  often  cxclutjivcly  confined  to  the  torrid  zone,  as  ^^autilus,  JJarpa^ 
Ttrtbellumy  Pt/ramidella,  Delphinula,  AspergUlumy  Tridacna^  Cuculloea^ 
(hwmUllaf  CorbiSy  Perna,  and  Plicatula,  Other  forms  are  limited  to 
one  region  of  the  sea,  aa  the  Tn^mia  to  paitB  of  Australia,  and  the 
OmMtfot  to  the  western  ooast  of  South  America.  The  marine  spedea 
inhabituig  the  ocean  on  the  opposite  sides  of  the  nanow  isthmus  of 
Panama,  are  found  to  differ  almost  entirely,  as  we  might  have  antici* 
pafeed,  since  a  West  Indian  mo)lusk  cannot  enter  the  Pacific  Avithout 
coasting  round  South  America,  and  passing  through  the  inclement  cli- 
mate of  Cape  Horn.  The  continuity  of  the  existing  lines  of  cAntin'  nt 
from  north  to  south,  prevents  any  one  species  from  belting  the  globe,  or 
from  f  Unn  ine:  tlie  direction  of  the  isothermal  lines. 

Currents  aliso  flowing  pennanently  in  certain  directions,  and  the  influx 
at  certain  points  of  great  bodies  of  fresh  water,  limit  the  ntension  of 
many  speciea.  llicse  which  love  deep  water  are  amated  by  shoals ; 
odxeia,  fitted  for  shallow  seas,  cannot  migrate  aeroes  nn&fhomable  abyss- 
es. The  nature  also  of  the  ground  has  an  important  influence  on  the 
testaoeoua  fiinna,  both  on  the  land  and  Leneath  the  waters.  Certain 
species  prefer  a  sandy,  others  a  gravelly,  and  some  a  muddy  sea-bottom. 
On  the  land,  lirrvstoTie  is  of  all  rocks  the  most  favoumM' th^^  -nnml  er 
and  propaf,f;iti  >ii  c>f  species  of  the  cfcnera  Helix,  Clausiiiii,  Buiimus,  and 
others.  Professor  E.  Forbes  lias  shown  as  tlie  result  of  his  labours  in 
dredirincf  in  the  yEgean  Sea,  that  there  are  eight  well-inarlced  regions  of 
depti),  each  chari^tcrized  by  its  peculiar  testaceous  fimna.  The  first  of 
these,  called  the  Httoial  sone,  extendi  to  a  depth  of  two  fiithoma  only ; 
but  thia  nanow  belt  is  inhabited  by  more  than  one  hundred  qiecaes. 
Tlie  second  region,  of  whidh  ten  fiithoms  is  the  inferior  limit,  is  almost 
equally  populous ;  and  a  cop&oaa  list  of  species  is  given  as  characteris- 
lic  of  each  n»t,non  down  to  the  seventh,  which  lies  between  the  depths 
of  80  and  105  fathoms,  all  the  inhabited  s])aco  below  this  beinj]f  included 
in  the  eighth  province,  where  no  Ic^^  than  05  speeirs  of  Testacea  have 
been  taken.   The  majority  of  the  shells  in  this  lowest  zone  are  white  or 
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tmupueot  Only  two  species  of  MoUusca  are  coranum  to  all  Ibe  eight 

ngioDs^  namely,  Arm  lactea  and  Ctrithium  lima* 

Great  ran^e  of  some  provinces  and  species. — In  Europe  eoncliologista 
<li-;tui!juisli  l>ot\vecn  the  arctic  fauna,  the  soutlieru  boundary  of  which 
corresponds  witli  the  isothermal  lino  of  32®  ¥^  and  tho  Cchi*",  T\}iic}i, 
commencing  with  that  limit  as  its  northern  frontier,  extends  flMll:l!^^  irds 
to  the  mouth  of  the  Eugliik  Ciiauntl  and  Cape  Finistcrre,  in  >  lanc*-. 
From  that  point  begun  the  Loaitanian  fauna,  which,  according  to  iha 
recent  observations  of  Mr.  H'Androw  (1852),  ranges  to  the  Cuurr 
IshndB.  The  Meditemnosn  province  is  distinct  finm  all  those  sibove 
annmented,  althougb  it  bas  some  spedes  in  commojn  with  oaidi. 

The  Indo-Pacifio  region  is  by&r  the  most  extenaiTe  of  alL  It  reaofaBs 
from  the  |(ed  Sea  and  the  eastern  coast  of  Africa,  to  the  Indian  Archi- 
pelago, and  adjoining  parts  of  the  Pacific  Ocean.  To  the  gedcgist  it 
fumitihes  a  fact  of  no  small  interest,  by  teaching  us  that  one  group  of 
linnn^  species  of  raolhiscA  may  prevail  throun^hout  an  area  cxcecdincf  in 
magnitude  tlip  ntTno^f  limits  we  can  as  vi't  assig'u  to  any  assoinblafje  (>f 
confemporaneous  fossil  species.  Mr.  Cuming  obtained  more  tliau  a 
hundred  spccit^  of  shells  from  the  eastcrii  coast  of  Africa  identical  with 
thc^  collected  by  himself  at  the  I'liilippines  and  in  the  eastern  coral 
islands  of  the  Pacific  Ocean,  a  distance  equal  to  tliat  from  pole  to  pole.f 

Certain  species  of  the  genns  lanthiHa  have  a  vety  irido  range,  being 
common  to  seas  north  and  south  of  the  equator.  Tknej  are  all  provided 
with  a  beaotifblly  contrived  float,  which  renden  them  bucjant,  fiidlitstiikg 
(hdr  dispeision,  and  enabling  fliem  to  become  aotivQ  agents  in  lyssoni* 
natil^  other  species.  Captain  King  took  a  specimen  o{ lantluna  fra^lU^ 
dive^  a  little  north  of  the  equator,  so  loaded  with  barnacles  (PenUlamis) 
and  their  ova  that  the  upper  part  of  its  shell  was  invisiUe.  The  "  Hock 
Whelk"  {Purpura  hpiflna),  a  well-known  British  univalve^  inhahilt 
botli  the  Nortli  Atlantic  and  North  Pacilic. 

Helix  ptitris  t^Succijiea  putrts,  Lam,),  so  common  in  Europe,  where  it 
reaches  from  Norway  to  Italy,  is  also  said  to  occur  in  the  Uuit»_>iJ  States 
and  in  Nesvlouudland.    As  this  animal  iuhaliits  constantly  the  borders  of 
pools  and  streams  where  there  is  much  moisture,  it  is  not  impossible  that 
diffisrent  water-fowl  have  been  the  agents  of  spreading  some  of  Its 
minole  eggs,  which  may  have  been  entangled  in  their  feathen.  Hie 
freshwater  snaii,  Lynmeiu  paliuiritf  so  abundant  in  English  ponda, 
ranges  unmterruptedly  from  Europe  to  Casbm^  and  thence  to  the 
eastern  parts  of  Asia.   Jffelix  aspersa^  one  of  the  commonest  of  our 
boger  land-shells,  is  found  in  St.  Helena  and  other  ^distant  oouDtries. 
Some  conchologists  have  conjectured  that  it  was  accidentally  imported  ii^ 
St.  ITelena  in  some  ship ;  for  it  is  an  eatable  species,  and  these  animals  ar€ 
capable  of  ret^uing  life  during  long  voyages,  without  air  or  nourishm^tj 

»  Report  to  the  Brit  Assoc.         p.  ino. 

I  Quart  Journ.,  Geol,  Soc,  ISIG,  vul.  ii.  p.  268. 

\  Four  individuals  of  a  large  species  of  land  shell  (BHlimtut),  from  Valparaiso 
wsre  bcoqght  to  England  by  Lieuteuant  Qnvea»  who  aooompaaied  CaptMS 
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Perhaps  no  specios  has  a  better  claim  to  1>««  oa1l»'«1  rosniojx)lite  tlian 
one  of  our  British  hivalvvs,  SaTtcara  riigosa.  it  is  spread  over  all  ihc 
north-polar  s^sas,  and  ranfjes  in  one  direction  through  Europe  to  Senegal, 
occurring  on  both  sides  of  the  Atlantic ;  whilti  in  another  it  finds  it^  way 
into  the  North  Pacific,  and  thence  to  the  Indian  Ocean.  Nor  do  its 
inigntiDna  ooaae  till  it  reaches  the  Austialian  seas. 

A  British  bnehiopod,  named  TmbroMa  MywI^wtymfM^  is  oooinion, 
aooording  to  Professor  K  Forbes,  to  Ixyth  sides  of  the  Nofdl  Atlantic, 
and  to  tl'ie  South  Afncan  and  Chinese  seas. 

Confined  range  of  other  species. — ^Mr.  Lowe,  in  a  memoir  pubUahed 
in  the  Cambridge  Transactions  in  1834,  enumerates  f?oventy-onn  species 
of  land  "Mollusca,  collected  by  him  in  the  islands  of  Madeira  and  Porto 
Sanlo,  siM\  i  t  \\ln>  li  belonged  to  the  genua  Ilelix  alone,  including  as 
sub-genera  liuiiuui.^  and  Achatina,  and  excluding  Vitriua  and  Clausilia ; 
forty-four  of  these  are  Hew.  It  is  lennarkaUe  that  very  few  of  the 
ahomnentioned  speciea  an  common  to  the  neighbouring  archipelago  of 
the  Oanaries;  bat  it  is  a  still  more  striking  fact,  that  of  the  sizty  species 
of  the  three  genera  above  mentioned,  tl^rtyHNDe  are  natives  of  Poito 
Santo ;  whereas,  in  Madeira,  ^vhlch  contains  ten  times  the  supeifieiei^ 
were  found  but  twenty-nine.  Qi  these  only  four  were  common  to  the 
two  islands,  which  are  ««^pnraf«  d  hr  a  distance  of  only  twelve  leagues ; 
and  two  even  of  these  tour  (namely  Htlix  rhodoslorna  and  If.  vmtrosa) 
are  species  of  g)  neral  difi'usion,  common  to  Madeira,  the  Canaries,  and 
the  south  of  Europe* 

The  confined  range  of  these  mollusks  may  easily  bo  explained,  if  we 
admit  that  species  have  only  one  birth-place ;  and  the  only  problem  to  be 
solved  would  rdate'  to  the  exoeptions^to  account  for  the  dissemination 
of  seme  spedes  throughout  several  islands,  and  the  European  continent 
May  not  the  eggs,  when  washed  into  the  sea  by  the  undermining  of 
clift-.  r  blown  by  a  stormfiom  the  land,  float  uninjured  to  a  distant  shore! 

Their  mode  of  diffusioTi. — Notwithstanding  the  provorMally  slow 
motion  of  snails  and  nioI!ti-]<-  in  general,  and  although  many  aquatic 
species  adiiere  con.stantly  lo  ilie  same  rock  l"<,»r  tlicir  whole  lives,  they  are 
by  no  means  destitute  of  provi&iou  for  disiscminating  themselves  rapidly 
over  a  wide  area,  "  Some  Mollusca,"  says  Professor  K  Forbes,  "  migrate 
in  theirlarvastateyfiw  aUof  themundeigoametamoiikhcsiseitherinthe 
egg  or  out  of  the  egg.  The  gasteropoda  commence  life  under  the  form 
of  a  small  spiral  shell,  and  an  animal  Hi^mished  with  ciliated  wingsi  or 
lobes,  like  n  pteropod,  by  means  of  ^liich  it  can  swim  fredy,  and  in  tiiis 
fixim  can  migrsle  with  ease  through  the  8ea."f 

Kinc;  in  hia  expedition  to  tlio  Straits  of  Magellan.  Thoy  had  been  packed  up  in 
a  box,  and  envclopod  in  cuttoQ :  two  fur  u  spuco  of  tbtrtucn,  ouc  fur  ecvcateeo, 
and  a  fourth  for  upwards  of  twenty  months :  but^  on  being  exposed  by  Mr. 
Brodorip  to  tlie  warmth  of  a  fire  in  I^nd3n,  and  provided  with  tepid  water  and 
knve^  they  revived,  and  lived  for  several  months  in  Mr.  Loddiges*  palm-hous^ 
tiJI  Recidontallv  drowned. 

•  Camb.  Phil.  Trans.,  vol.  iv.  1831. 

f  Edin.  New  PhiL  Joura.,  April  1844. 
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We  are  accustomed  to  associate  in  our  minds  the  idea  of  the  j]^eatest 
looomotivo  powers  with  the  most  mature  aud  j>erfect  state  of  each 
species  of  invertebrate  animal,  especially  when  they  undergo  a  series  of 
transformations ;  but  in  all  the  MoUusca  the  reverse  is  true.  The  3'oun!]; 
fry  of  the  cockle,  for  example  (^Cardium),  possess,  when  young  or  in  ih« 
larva  state,  an  apparatus  which  enables  them  both  to  awim  and  to  be 
ounied  aloiig  estUy  by  a  maiine  conMit  (See  fig.  99.) 

Hmm  Bnall  bodiea  hero  rqproacnted,  which  bear  a  cooiideiaUe 
lea^blaiioe  to  the  ft/  of  the  nDivalve^  or  gaatetopodooa  ehella  abote 
mentumed,  aro  so  minnte  at  fint  as  to  be  Jnrt  viable  to  the  naked  qre. 
Th^  begm  to  more  about  from  the  moment  they  aro  hatched,  bj  meam 


Tne  youDg  fry  of  a  cockle  (Caixlium  nvf^mTuin,)  fmra  Lovea't  Kon^l.  Velenskaps.  Ak*deK 

llaudhiig,  1848. 

A,  Th«  younjr  juit  hatched,  murnificd  100  dMmUn.  tlM  hum  farthar  adfaaoad. 

a,  Trie  ciliated  oifao  oi  loeoowtlMi  trithila AlaaMatMs afpaadags  ^ 
c,  Tiia  radiaaoiaiy  iataattM. 
d|  Tlia  nduDaataiy  ahdL 

of  the  long  cilia,  a,  a,  placed  on  the  edgee  of  the  loobmotive  disk  or 
velum.  This  disk  shrinks  up  as  they  increase  in  size,  and  giadoaUf 
disappeaiB,  no  trace  of  it  being  visible  in  the  perfect  animaL 

Some  species  of  phell-bearing  ^foUusca  lay  their  eggs  in  a  sponge-h'ke 
nidus,  wherein  the  young  remain  enveloped  for  a  time  after  their  birth; 
and  this  buoyant  substance  floats  tar  and  wide  as  readily  as  sea-weed. 
The  young  of  other  ^'iviparous  trilx-s  are  often  borne  alonsf  entannrled  in 
sea-weed.    Sometimes  thev  are  so  light,  that,  like  n^rains  of  sand,  they 
can  be  easily  moved  by  currents.    Balani  and  Serpula?  arc  sometimes 
found  adhering  to  floating  cocoa-nuts,  and  even  to  fragments  of  punuoe. 
In  nven  and  lakee,  on  the  other  hand,  aquatic  nmvalvei  nmally  attach 
their  eggs  to  leaves  and  stidoi  whieh  have  fiiUen  into  the  water,  and 
whidi  aro  liable  to  be  swept  away  during  floods^  from  tribntaiiea  to  the 
main  streams,  and  from  thenoe  to  all  parts  of  the  same  lytsins.  PMicii- 
lar  species  may  thus  m^^te  dnring  one  season  from  the  head  waters 
of  the  Mississippi,  or  any  other  great  river,  to  coontries  borderii^  the 
sea,  at  the  distance  of  many  thousand  miles. 

An  illustration  of  the  mode  of  attachment  of  these  eggs  will  be  seen 
in  the  annexed  cut.    (Fig.  100.) 

The  habit  of  some  Testacea  to  adhere  to  floating  wood  is  proved  by 
their  fixing  themselves  to  the  bottoms  of  ships.  By  tliis  mode  of  convey- 
ance MylUua  polymorphtu^  previously  known  only  in  the  Danube  and 
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Wolga,  may  have  been  brought  to  the  Commercml  Docks  in  the  Tliames, 
and  to  Hamburgh,  where  the  species  is  now  domicile<l.  But  Mr.  (tray 
suggests  that  as  the  animal  is  known  to  have  the  faculty  of  living  for  a 
very  long  time  out  of  water,  it  is  more  probable  that  it  was  brought  in 
Russian  timber,  than  borne  uuiujurod  through  the  salt  water  at  the 
bottom  of  a  TWieL* 

A  lobater  (Attaeut  marmui)  was  lately  taken  alive  oofverad  with  fiviDg 
mmeb  (MyUlut  «2iiZtt)f ;  and  a  laige  female  crab  {Ckmeer  pagwrvt}, 
co?ered  with  oysters,  and  bearing  also  Anomia  ep^i^ppiiim^  and  Aotinia, 
was  taken  in  April,  1832,  off  the  English  coast.  The  oysters,  seven  in  num> 
ber,  include  individuals  of  six  years'  growth,  and  the  two  largest  are  four 
inches  long  and  three  inches  and  a  half  broad.  Both  the  .crab  and 
the  oysters  were  seen  alive  by  Mr.  Kobert  Brovni.| 


Egg*  of  FkMhwatar  BMOuki. 

fif .  1.  Ben  of  JtmpttUari*  wU  (a  flaTMtile  apcdai)  fiztd  to  »  mail  iflif  wUek  had  hSIam  iMi 
Uw  Water. 

Rf.  S.  Sip  of  llnMriw  «iliu,  attaslMd  to  •  dMd  kaf  Ifiag  i^«r  waMr. 
rig.  a  Btoi  oftte  couM  Liauaa  (£.  mdSfarfa),  adiMriaff  to  a  dead  •lidk 

From  thia  example  we  learn  the  manner  in  which  oyaters  may  be 
diffused  over  every  part  of  the  sea  where  the  crab  wanders ;  and  if  they 
are  at  length  carried  to  a  spot  where  there  is  nothing  but  fine  mud,  the 
foundation  of  a  new  oyster-bank  may  Ihj  laid  on  the  death  of  the  crab. 
In  this  instance,  the  oysters  survived  the  crab  many  days,  and  were 
killed  at  last  only  by  long  exposure  to  the  air. 

•  PhiL  Trana.  1835,  p.  808.  ' 

I  The  specimen  is  preMTved  in  flie  Kateom  of  tlie  Zool.  Boe.  of  London. 

\  Tliis  i*{>eciincn  ia  in  the  collection  of  my  friend  Mr.  Brodorlp,  who  nbservea, 
that  this  crabv  which  wm  appareutly  in  porfect  health,  could  not  have  caat  her 
■hdl  for  six  ywn,  wher«u  mom  naturaliats  bave  stated  that  the  spoeies  moults 
annually,  without  limiting  the  Boiihing  period  to  the  eariy  stagw  of  tho growth 
of  th«  animal. 
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OiOSfraphkal  JHttribuiion  and  Migration  <^  Zoopkjftt9» 

Zoophytes  are  very  imperfecdy  known ;  bnt  then  can  be  little  doubt 
that  each  maritime  Kgtoit  poaaeeses  spedea  peeaBar  to  Hset^  Ih« 

Madrepores,  or  lamcIliferouA  Polyparia,  are  found  in  their  fuller^t  dere* 
lopmeut  only  in  the  tropical  seas  of  Polyucsia  nnd  the  East  and  West 
Indies ;  and  this  family  is  represented  only  by  a  few  species  in  our  seas. 
The  zoophytes  of  the  Mediterranean,  according  to  Ehrcnbcr<x,  differ 
almost  eiitiri'ly  from  tliose  of  the  Kod  S.  a,  although  only  scvoiity  miles 
distant.  Out  of  TJO  spooifs  of  AntUozoa,  only  two  are  comm<^n  to  both 
seas.*  Perun  and  Lciueur,  after  studying  the  IIoloLhur'ue,  Medusa-, 
and  other  congeners  of  delicate  and  diaugeablo  forms,  came  to  the  cou- 
cltuion  that  each  Idnd  haa  its  place  of  reaidenoe  determined  the 
temperature  neceasarjr  to  support  its  existenoe.  Thu%  fyr  ezample» 
they  found  the  abode  of  Pyromma  Mlanika.  to  be  confined  to  one 
particular  region  of  the  Atlantic  Ocean.f 

Let  us  now  inquire  how  the  transportation  of  zoophytes  from  one 
part  of  the  globe  to  another  ia  effected.  Many  of  them,  ai  in  the 
families  Flustra  and  Sertularia,  attarh  themselves  to  sea-weed,  and  are 
occasionally  drifted  aloni^  \Yilh  it.  Muuy  fix  themselves  to  the  shells  of 
Mollusoa,  and  are  thus  borne  along  by  them  to  short  distances.  Others, 
like  some  species  of  sea-pens,  float  abuut  in  the  ocean,  and  are  usually 
believed  to  possess  powers  of  spontaneous  motion,  liut  the  most  £re 
quent  mode  of  tranaportati<Hi  conanta  in  the  buoyancy  of  their  eggs, 
or  certain  amaU  veaicleSy  which  are  detached,  and  are  capable  of  becom; 
•ing  the  foundation  of  a  neir  colony.  Ibese  gems,  aa  th^  are  called, 
have^  in  many  inatancea,  a  locomotive  power  of  their  own,  by  which 
ihey  proceed  in  a  determinate  direction  for  several  days  after  aeparatioii 
from  the  parent.  They  are  propelled  by  means  of  nnmerous  short 
threads  or  cilioe,  whicli  are  in  constant  and  rapid  vibration  ;  and.  when 
thus  supported  ia  the  water,  they  may  be  borne  along  by  currents  to  a 
great  distance. 

That  some  zoophytes  adhere  to  floating"  bodies,  is  proved  by  their 
being  found  attached  to  the  bottoms  of  ships,  like  cerUiin  Testacea 
before  alluded  to. 

Clfeoffraphkal  DUMhution  and  Migrathnt  pf  Intectt. 

Before  I  condude  thia  aketeh  of  the  manner  in  which  the  habitable 
parte  of  the  earth  are  shared  out  among  particular  asaemblagea  of 
organic  beings  I  muat  offer  a  few  remarlu  on  inaects,  which,  hy  their 
numbera  and  the  variety  of  their  powers  and  inatincta,  exert  a  prodi- 
gioua  influence  in  the  economy  of  animate  nature.  As  a  largo  portion 
of  theae  minute  creatures  are  strictly  dependent  for  their  subsistenee  en 
certain  species  of  vegetables,  the  entomological  provincea  moat  coin- 
cide in  oonaiderable  d^ee  with  the  botanical. 

*  Qu&rt.  Joum.  GeoL  Boc,  vol  iv.  p.  836. 
f  Voy.  avz  Teirw  Auatndci^  toip.  i  ik  498. 
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All  Uie  ioaeoiai  mys  Latreille,  brought  from  the  eftrtern  parts  of  Asia 
and  Cliina,  whatCTcr  be  their  latitude  and  temperature,  are  distiuct  from 
those  of  Europe  and  of  Africa.  The  insects  of  the  United  States, 
although  oftt-n  approaching  very  close  to  our  own,  are,  with  very  few 
exceptioiib,  .specifically  distinsjuishable  by  somo  cliaracters.  In  South 
America,  the  equinoctial  lands  of  2iew  Granacia  and  Peru  on  the  one 
side,  and  of  Guiana  on  the  other,  contain  for  the  most  part  distinct 
groups ;  the  Andes  forming  the  divisiott,  and  ioterposiug  a  narrow 
line  of  severe  cold  between  dinuites  otherwise  very  similar.* 

Migrcitoiy  tJit^aclf.— Nearly  all  the  insects  of  the  United  States 
and  Canada,  differ  specifically  from  the  European ;  while  those  of  Green- 
land appear  to  be  in  a  great  measure  identioal  with  oor  own.  .  Some 
insects  are  very  local ;  while  a  few,  on  the  contrary,  are  common  to 
remote  conntri*"*,  1»«'t\veen  which  the  torrid  zone  and  (ho  oooan  inter- 
vene. Thus  our  painted  lady  bnttertly  (  Fa;""«*^f  cardui)  re-appears  at 
tlie  Cape  of  (iood  IIo])e  and  in  Xcw  Holland  and  Japan  with  scarcely 
a  varying  streak.  |  The  isume  species  is  said  to  be  one  of  the  few 
iusects  which  are  universally  dispersed  over  the  earth,  being  found 
in  Europe,  Asia,  Africa,  and  America;  and  iii  wide  range  is  the  more 
interesting,  because  it  seems  explained  by  its  migratory  instinct^ 
seconded,  no  doiAit,  by  a  capacity,  enjoyed  hy  few  species,  of  enduring 
a  great  divernty  of  temperature. 

A  vast  swarm  of  this  species,  forming  a  column  from  ten  to  fiileen 
feet  broad,  was,  a  few  years  since,  observed  in  the  Canton  de  Vaud ; 
tliey  traversed  the  country  with  great  rapidity  from  north  to  south,  all 
flying  onwards  in  regular  onler,  close  toj^ethcr,  and  not  turning  from* 
tlieir  ronrse  on  the  approach  <>f  other  objects.  Professor  l)onel]i,  of 
Turin,  observed,  in  March  of  the  same  year,  a  .similar  swarn\  i4  the 
same  species,  also  directing  tlieir  tlight  from  north  to  soulli,  iu  Pied- 
mont, in  such  immense  numbers  that  at  night  the  flowm  were  literally 
coveied  with  them.  They  had  been  traced  from  Oont,  Baconi,  Susa,  Ac 
A  similar  flight  at  the  end  of  the  last  oentury  is  recorded  by  M.  Louch  in 
the  Memoirs  of  the  Academy  of  Turin.  The  fact  is  the  more  worthy  of 
notice,  because  the  caterpillars  of  this  butterfly  are  not  gregarious,  but 
solitary  from  the  moment  that  they  are  hatched ;  and  th  is  instinct  remaina 
dormant,  while  generation  after  creneration  passes  away,  till  it  suddenly 
displays  itself  in  full  ener<n^-  when  th«  ir  numbers  happen  to  be  in  excess. 

Not  only  peculiar  sj)ecie»,  but  certain  tyj»es,  <ii;,iui<^uish  particular 
countries;  and  there  are  grou|)8,  observes  Kirby,  which  represent  each 
other  in  distant  regions,  whether  in  their  form,  their  functions,  or  in 
both.  I'hus  the  honey  and  wax  of  Europe,  Asia,  and  Africa,  are  in  each 
ease  prepared  by  bees  congenerous  with  our  conunon  hive-bee  (Apis^ 
Latr.);  while,  in  America,  this  genus  is  nowhere  indigenous,  but  is 
replaced  by  Melipona,  Trigona,  and  Euglossa;  and  in  New  Holland  by 

*  G^ograpbie  O^n^rale  des  Insectcs  et  de«  Arachmdc«.  Miau  du  Mua.  d'UitL 
t  Kirby  and  SpsBM^  voL  iv.  pb  467 ;  and  other  authota 
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a  still  (lifTirent  but  undescribed  type.  *Thc  European  bee  [Apis  meUi- 
fica)y  although  iK>t  a  native  of  the  new  world,  is  now  established  both 
in  North  and  South  America.  It  was  introduced  into  the  United  Stat^ 
by  some  of  the  early  settlers,  and  has  since  overspread  the  vast  fore^ 
of  the  interior,  building  hives  in  the  decayed  trunkB  trees.  **•  Hie 
Indians,"  says  Irving,  consider  them  as  the  hailnnger  of  the  white 
man,  as  the  bnffiih)  is  of  the  red  man,  and  say  that  in  proportion  as  the 
bee  advances  the  Indian  and  the  bnffido  retiie.  It  is  said/*  oontimieB 
the  same  writer,  ^  that  the  wild  bee  is  seldom  to  be  met  with  at  any 
*  great  distance  from  th^  frontier,  and  that  they  have  always  been  the 
heralds  of  civilization,  preceding  it  as  it  advanced  from  the  Atlantic 
borders.  Some  of  the  ancient  settlers  of  the  west  even  pretend  to  give 
the  very  year  when  the  hutify-lMM-  first  crossed  tlie  Mississippi."  f  The 
same  species  is  now  also  naturalized  in  Van  Diemen's  Land  and  .Mew 
Zealand. 

Au  iiiiao^L  all  insects  are  winged,  tliey  cau  readily  spread  themselves 
wherever  their  progress  is  not  opposed  bj  onoongeniid  climates,  or  bj 
seaa^  moimtaias,  and  other  physical  impediments;  and  these  bairien 
they  can  sometimes  enimount  by  abandoning  themselves  to  violent 
winds,  which,  as  I  before  stated,  when  speaking  of  the  diapeision  of 
seeds  ^  618.),  may  in  a  few  hours  carry  them  to  very  considenble 
distances.  On  the  Andes  some  sphinxes  and  flies  have  been  observed 
by  Humboldt,  at  the  height  of  19,180  foet  above  the  sea,  and  which 
appeared  to  him  to  hare  been  involuntarily  carried  into  these  regioot 
by  ascending  currents  of  air.  \ 

White  raeiiiions  u.  reni;irk;il'lo  sliower  of  aphides  which  seem  to  havp 
emicrrated,  with  iiii  e;ist  wind,  from  the  c^reat  hop  plantations  of  Kent 
•  aud  fciussex,  and  blackened  the  shiubs  and  vegetables  whore  they  alighted 
at  Selboume,  spreading  at  the  same  time  in  great  doads  all  along  the 
vale  from  Farnham  to  Alton.  These  aphides  are  sometimes  aooompa* 
nied  by  vast  numben  of  the  common  ]ady*binl  (OoeeKwIfo  mptm^ 
pKMlola),  which  feed  upon  them.  § 

It  is  remarkable,  says  Kirby,  that  many  of  the  insects  which  are 
occasionally  observed  to  emigrate,  as,  for  instance,  the  LibeUabs,  Cooci- 
nellce,  Carabi,  CicadM,  dec.  are  not  usually  social  insects :  but  seem  to 
conijrec^ate,  like  swallows,  merely  for  the  purpose  of  emigration.  \ 
Here,  thereft>r<\  ^vi>  have  an  example  of  an  instinct  developing  itself  on 
certain  rare  i  inei  u''  ucit^  causing  unsocial  species  to  become  gregarious 
and  to  venture  bonietimes  even  to  cross  the  ocean. 

The  armies  of  locusts  which  darken  the  air  in  Africa,  and  traverse 
the  globe  from  Turkey  to  onr  eoulhem  counties  in  England,  are  weH 
known  to  all.  When  the  western  gales  sweep  over  the  Flampaa  thej 

/ 

♦  Kirby  and  Spcnce,  vol  ir.  p.  49T» 
Washington  I)-vin^''A  Tour  in  the  Frsirieib  elk  i& 
Malt«-Brun,  voL  v.  p.  879. 
Eiiby  and  Speiie«^  voL  it  p.  9. 1617. 
Kirby  and  SpeiMi^  ynA»  ii  p.  14. 1S19. 
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bear  along  with  them  myriadH  of  insects  of  various  kinds.  As  a  proof 
of  the  Tniinner  in  which  apccitt  may  be  thus  diflused,  I  may  mention, 
that,  when  the  Creole  frigate  was  lying  iu  the  outer  roads  ofl'  Buenoe 
Ajfrn,  in  1810,  at  the  distance  of  six  miles  from  the  land,  her  decks  and 
rigging  wen  nidcienlj  cowend  hy  thoiuaiidB  of  flies  and  grans  dS  sindl. 
1^  aideB  of  tlie  vessel  lisd  just  feceived  a  {itesli  oost  of  pamt^  to  winch 
tltS'insacIs  adhorsd  in  anoli  nwnbm  as  Co  spot  and  d]s%i»a  tlia  reasel, 
and  to  render  it  necessary  partially  to  renew  the  paint.*  Captain  W. 
II.  Smyth  was  obliged  to  repaint  bis  vessel,  the  Adventure,  in  the  Mcdi- 
terranean,  from  the  same  cause.  He  was  on  his  way  from  Malta  to 
Tripoli,  when  a  sonthprn  wind  blowint^  from  the  coast  of  Africa,  then 
one  hundred  miles  diaiant,  drove  such  myriads  of  tlies  upon  the  fresh 
paist,  that  not  the  smallest  p<:>int  was  left  unoccupved  by  insects. 

To  the  southward  of  the  river  Plate,  off  Cape  8t.  Antonio,  and  at  the 
distaBoe  of  fiffy  miles  fiom  land,  serenil  krgo  dragon-flies  alighted  on  Ae 
Adventoie  frigate,  during  CSaptain  Kings  late  expedition  totho  Straits  of 
MagePan.  If  tho  wind  abates  when  insecto  are  thus  crossing  the  sea,  tho 
saost  delicate  species  are  not  necessarily  drowned ;  for  many  can  repose 
wittout  sinking  on  the  water.  The  slender  h»g4egged  tipula)  have  been 
seen  standinc;'  on  the  surface  of  the  sea,  when  driven  out  tar  from  our 
coast,  and  took  wing  immediately  on  beinq;  approached,  f  Exotic  beetles 
are  sometimes  thrown  on  our  sh^  i  i ,  w  hich  revive  after  having  been  long 
drenched  in  salt  water;  and  the  pt^riodical  appearance  of  some  conspicu- 
ous butterflies  amought  us,  after  being  uni>eeQ  t»ouie  for  iive  others  tor  fifty 
jeazB,  has  been  ascribed,  not  without  probahifily,  to  the  agency  of  the 
winds. 

InnndaCiona  of  riven,  observes  Kiriiy,  if  tfaey  happen  at  any  seaaon  ex- 
cept in  the  depths  of  winter,  always  carry  down  a  number  of  inseoia, 
floating  on  the  surface  of  bits  of  stiolc,  weeds^  dbc ;  so  that  when  the  waters 
subside,  the  entomologist  may  generally  reap  a  plentiful  harvest.  In  the 
di^minadon,  moreover,  of  these  minute  beings,  as  in  that  of  plants,  tho 
larger  animals  play  their  jmrt.  Insects  are,  in  numberless  instances,  l»omo 
along  in  the  coats  of  animals,  or  the  feathers  of  birds ;  and  the  eggs  of 
some  species  are  capable,  like  seedt>,  of  resiiitiug  tlie  digestive  powers  of 
tbo  and       liiQj  AM  swdkvwid  with  herbage,  may  be  ejected 

again  nnfaanned  in  tiio  dung; 

(  have,  reserved  for  the  last  some  obtiervatious  on  the  rang*;  aud  diffu- 
sion of  the  human  species  over  the  earth,  and  the  influence  of  man  in 
sipraading  other  aninuds  and  plants,  especially  the  tematriaL 

Many  naturalists  have  amused  thenuelveBin  speculating  on  tho  proh*- 
ble  birUi-pIaoe  of  w>«*iWiui^  the  point  from  which,  if  we  assume  the  whole 
Qmnaii  rw^  to  have  desoendod  from  a  single  pahr,  tho  tide  of  emigiation 

*  I  am  indebted  to  iMotenant  Graves,  R.N.,  for  this  infomMition 

f  I  state  this  fact  on  the  anthority  of  my  firi^nd,  Mr.  Joha  Cuilii*  « 
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,  must  orij^nally  Imre  proceeded.  It  has  been  always  a  favoritf  (vinjec- 
turc,  that  this  birth-placo  was  fituati'ti  within  or  tr^nr  the  tropica,  where 
perpetual  suiimior  reigns,  and  where  fruits,  herbs,  and  roots  are  |)lontifully 
supplied  throughout  the  year.  The  olimate  of  these  regions,  ii  has  l»eeu 
naid,  is  suited  to  a  being  bom  without  auy  covering,  and  who  had  not  yet 
•cquued  th«  arts  of  bml^ng  habitationB  or  piovidiDg  clotiieib 

•  Pfogmt  ^Humm  FcptMioik — **Tba  Lmter  stata^"  it  has  been  ar- 
gued, ^  wluoh  If onteeqoiea  placed  the  fitst^  was  piobably  eiilj  the  eeeoad 
stage  to  'which  maaknid  anired ;  since  so  many  arts  must  hare  been  in* 
vented  to  catch  a  salmon,  or  •  deer,  that  society  could  no  longer  have 
been  in  ita  infancy  when  they  came  into  use.^*  When  r^ons  where  the 
spontaneous  fruits  of  tho  earth  abound  became  overpeopled,  men  would 
naturally  ditliise  tliems^'lves  ovor  the  neighboring  parts  of  the  temperate 
zone ;  but  a  considerable  time  uisld  probably  elapse  before  thi^  event  took 
place;  and  it  is  possible,  as  a  writer  before  cited  observes,  iliat  in  \\u' 
interval  before  the  multiplication  of  their  numbers  and  their  iucreasiug 
wabta  liad  ooihpeOed  tlimi  to  emigrate,  some  aria  to  takia  anlmali  irare 
faivented,  bat  fiur  inferior  to  what  we  aee  practieed  at  tUs  daj  among 
ittvagee*  As  their  habitations  giadiwUy  adrauoed  into  tba  twnpenrini 
aonCi  the  new  difficulties  they  had  to  encounter  would  caU  Ibrdi  bj 
degieee  the  spirit  of  invention,  and  the  probability  of  aiicb  inventionji 
always  nses  with  the  number  of  people  involved  in  the  same  necessity.! 

A  distinffuished  modern  writer,  wlio  coincides  for  the  m<yst  part  in  the 
views  above  mentioned,  has  introduced  one  of  the  persons  in  his  seconrl 
dialogue,  as  objectinijr  to  the  theory  of  the  human  race  having  gradually 
advanced  from  a  savage  to  a  civilized  sLate,  on  the  c^round  that  "  the  firet 
man  must  have  inevitably  been  d<»troyed  by  the  elemeutti  or  devoured  by 

'  savage  beaala»  lo  infinitely  hie  enpetiota  in  phpical  ibtoe;'^  He  theii 
conteode  againit  the  difficulty  here  started  bj  various  argumenli^  aO  of 

.  which  weie,periu4)%aopeifluoiis;  forif  aphihisopiierispleasedloiodalge 
in  conjectures  on  this  subject,  why  should  he  not  assign,  as  the  original 
seat  of  man,  some  one  of  those  laigo  islands  within  the  tropics,  which  are 
as  free  from  huge  beasts  of  pny  ee  Van  Diemen's  Land  or  Australia  ? 
Here  man  may  have  remained  for  a  period,  peculiar  to  a  sins^le  isUmd, 
jn^t  as  some  of  the  large  anthropomorphous  specit^-^  nr-^  now  limited  to 
<,»n<!  island  ^sithin  the  tropics.     In  such  a  situation,  the  new-bom  nice 
mi(;ht  have  lived  in  security,  though  far  more  helpless  than  the  New  1I.:»1« 
land  savages,  and  might  have  found  abundance  of  vegetable  food.  C<»lo- 
nies  may  afterwards  have  been  sent  fbrtii  from  this  mother  coontxy, 
and  then  the  peopling  of  the  ea^h  may  have  proceeded  aoomding  to  the 
hypothesis  before  aUuded  to. 

To  form  a  probable  conjecture  respediDg  the  country  from  wheooe  tfaa 
early  civilization  of  India  was  derived,  has  been  found  almost  as  diffieulft 
aa  to  determine  the  oritrlnal  V>Irth-placo  of  the  human  race.  That  the 
dawn  of  oriental  civilization  did  not  arise  within  the  limits  of  the  tiopias, 

•  Br«nd%  Select  DiMttrilhNn  the  AmflnkAMd^ViiLL  pi  Ufll       f  lUd 
I  Sir  IL  DaVT»  Gonioiatioiis  in  Travd,  p. 
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is  the  conclusion  tx)  which  Baron  William  von  Humboldt  has  come  alter 
much  patient  research  nito  "  the  diversities  of  the  structure  of  language 
and  their  influence  on  the  nioutol  development  of  the  human  race."  Ac- 
cording to  him  the  ancient  Zend  country  from  whence  tho  spread  of 
knowledge  and  the  artd  has  hcen  traced  in  a  &outh.-easterIj  direction,  lay 
to  the  Borth-wiit  «C  the  upper  Indn.* 

As  ta  the  tine  of  the  fint  appeanuioe  of  man  upon  the  earth,  if  we 
aie  to  Judge  from  the  disoordanoe  of  ojmuou  amongst  celebvated  cfaro- 
Dologere,  not  even  a  rude  approximation  has  yet  been  made  towards 
determining  a  poini  <^  so  nuu  h  interest.  Th<»  problem  seons  hitherto  to 
have  baffled  the  curiosity  of  the  antiquary,  if  possibl*',  more  completely 
than  the  fixin;^  on  a  geographicJil  site  f<^>r  the  original  habitation  of  the 
ancestors  of  the  human  raca  The  Chevalier  Bunsen,  in  his  elalx>rHlo 
and  philosophical  work  on  Ancient  Egypt,f  has  sati&fied  not  a  few  of  the 
learned)  by  an  appeal  to  monumental  inscriptions  still  extant,  that  the 
mooesnTo  dynastifla  of  kings  may  be  tnuisd  back  without  a  bnak^  to 
Uenes^  and  thai  the  date  of  his  leign  would  oofrespond  with  the  year 
8640  B.  o.  He  supposes  si  the  same  time,  what  is  most  reasonable^  that 
the  Egy])tiaQ  people  must  have  existed  for  a  long  period  (probably  at 
>ast  for  five  centuries),  in  their  earlier  and  less  settled  slate,  before  they 
reached  the  point  of  civilization  at  which  Menes  consolidated  them  into 
a  great  and  united  empire.  This  would  carry  us  back  to  upwards  of 
4000  years  n.  c,  or  to  an  epoch  coincident  with  that  commonly  set  down 
for  the  creation  of  the  world  in  accordance  with  computations  founded  on 
the  combined  ages  of  the  suooeesive  antediluvian  patriarchs.  It  follows 
thai^  the  same  epocih  of  Menes  is  anterior  by  a  great  many  centuries  to 
the  most  andent  of  the  dates  usually  find  upon  for  the  Mosaio  deluge. 
Hie  foct  that  no  record  or  tradition  of  any  great  and  overwhelming  Qood 
has  been  detected  in  the  mythdogy,  or  monumental  annals  of  the  Egyp- 
tians, will  suggest  many  reflections  to  a  geologist  who  has  weighed  well 
the  evidence  we  prresess  of  a  variety  of  partial  deluges  which  have  hap- 
pened in  districts  not  free  like  Kgypt,  for  the  last  3000  years,  from  earth- 
quakes and  other  causes  of  great  aqueous  catxstroph»-s.  The  talen  and 
legends  of  calamitous  floods  preserved  iu  Greece,  Ai»ia  Miuor,  the  souihern 
shores  of  the  Baltic,  China,  Peru,  and  Chili,  have,  aa  we  have  seen,  been 
all  of  them  handed  down  to  us  by  the  inhabitant  cf  r^ons  in  which 
the  opemtion  of  natural  causes  in  modem  timssi  and  the  rsounnifie  of  a 
snoceasion  of  disasltoua  floods,  afford  us  data  for  inteipreting  the  meaning 
of  the  obscure  traditions  of  an  illiterate  age{ 

In  lus  l^med  treatise  on  ancient  chronology,  Dr.  Hales  has  selected, 
from  a  much  greater  number,  a  list  of  no  lem  thm  1'20  authors,  all  of 
whom  give  a  different  period  for  the  epoch  oi  the  creation  oi  the  vratld, 

*  W.  Toa  Hnnibold^  **  Oa  th«  Kawi  Langasf^'*  Aol  «it«d  in  Oosidm,  latro- 


f  Egvpten'g  Sielle,  Ac  Egypt  restored  to  herl'lace  ia  Universal  Ilietory,  by 
C  C.  J.  "Bunsen.  1845. 


Ouae*^  p.  7.  *  Peruviau,  u  502. ;  Chiiiun  or  Arauc«ai«Q  ddluge,  p.  600. 
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the  extremo  ranjjo  of  ditk'rence  bctw»^en  th*^ni  amount  to  no  Ic^  tiuui 
32G8  years.  It  appears  that  even  auiuiigst  autiirn  ifu  s,  who  in  Ej)£f1and 
are  generally  regarded  as  orthodox,  there  is  a  vanauo^,  not  of  years  oi 
of  oue  or  two  ceaturi^^  but  of  upwards  of  a  milleDoiuiD,  according  «s  Uiey 
hm  pn&md  to  IbUovr  the  Hebrew,  oar  the  flmiTtun,  or  the  Chobk  nm- 
rions  of  the  Moeaio  writing*.  Oan,  we  thea  wonder  tiiaft  Umj  who  de* 
cipher  the  mo&imiente  of  IBgypt,  at  the  geobgnt  who  iDterprate  the 
earths  antobiogn^yV  iboiild  anive  at  viewv  leapecting  the  dale  of  m 
ancient  empin^  or  the  age  of  our  planet,  irreconcileable  with  every  one 
of  these  nnmeroas  and  oenfliGtiBg  chronologies  ?  The  want  of  agree- 
ment amongst  the  learned  in  r^ard  to  the  probable  date  of  the  deluge 
of  Noah  ia  a  source  of  far  greater  perpfcxity  and  confusion  than  our  ex- 
treme uncertainty  as  to  the  epoch  of  the  creation, — the  delug-e  being  a 
comparatively  modem  event,  from  which  the  repeopling  of  the  earth  and 
the  kiiittiry  of  the  present  races  of  mankind  is  made  to  Wgin. 

Naturalists  have  long  felt  that  to  render  probable  the  received  opinion 
that  all  the  leading  varieties  of  the  hiina&  fionfly  have  originally  ^ning 
bom  a  single  pair,  (a  dootrise  agaiuft  whkh  then  appeaia  to  me  to  be 
TO  ioiiiid  objeotion,)  a  nraoh  gnater  hqMO  of  tune  is  leqwred  fer  the 
■low  and  gradual  formation  of  raoea^  (aodi  a*  the  Oaitcarian,  Ifbngolian, 
and  Ncgro^)  than  is  embraced  in  any  of  the  popular  systsmi  of  chro- 
nology. The  existence  of  two  of  those  marked  varieties  above  mentioned 
can  be  traced  back  3000  years  lM.'forG  the  present  time,  or  to  the  patuting 
of  pictures,  preserved  in  the  tomlw  or  on  tlie  wa)!"  of  buried  templ«-s  in 
Egypt,  In  these  we  behold  tlie  N'^n^ro  and  Cauesisian  phv«iio<Tnomies 
{)oi  Liayed  as  faithfully  and  in  as  strong  tx»iitrast  as  if  the  iikene-v«.'.s  of  iLu^ 
races  had  been  taken  yesterday.  When  we  consider  therefore  the  ex- 
treme alownem  of  the  dumgea^  which  climate  and  other  modii^ring 
caueee  have  prodoeed  in  modem  tunes,  we.  mwl  allow  forsiait  aeries  of 
antecedentageSf  m  the  ooune  of  whioh  the  long^ootboed  iaflaeaee  ef  Mni- 
lar  external  ciroiinistanoeBgave  rise  to  peenlSaritieSyptohabhrhiegBsaed  in 
many  snccc'ssive  generations,  until  they  were  fixed  by  hereditaiy  tnma- 
miarion.  The  characteristic  fbims  and  features  thus  acquired  by  oertaiB 
tribes,  may  have  been  aflerwafxfe  diffused  by  migration  from  a  few  wor 
tres  over  wide  cnntin«'nt?)l  spaces.  The  theory,  therefore,  that  all  the 
races  of  man  Iiave  come  from  ono  eommi^n  stock  receives  supjx>rt  from 
every  investigation  which  forces  us  to  exjiiuid  our  ideas  of  the  duration 
of  past  time,  or  which  multiplies  the  numl>er  of  years  that  have  pass<?d 
away  since  the  origin  of  inan.  Hitherto,  geology  has  neither  enlargtad 
nor  drcomsoribed  the  "human  period  f  but  rimply  proved  that  m  the 
hiitoiy  of  animated  nature  it  is  oompamtively  modem,  or  the  last  of  a 
long  series  of  anteoedent  epochs^  in  eaeh  of  which  the  earth  haa  ban 
suocesBively  peopled  hy  distinct  species  of  animals  and  plants* 

In  an  early  stage  of  society  the  neoeadty  of  hunting  acta  aa  n  ptine^ 
of  repalsion,  causing  men  to  ^lead  with  the  gneatert  rspUt^  ofer  a 
countiy,  until  the  whole  is  covered  with  scattered  settiementiL  It  has 
been  caloolated  that  eight  hundred  acres  of  homdng-gnmnd  prodnoe  only 
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aa  much  food  as  half  an  acre  of  arable  land.  AVhcn  the  game  lias  been 
in  a  gr^  mea.sure  exhausted,  and  a  state  of  pasturage  succeods,  tb<i 
several  hunter  tribes,  beinjoj  already  scattered,  may  nuiltiply  in  a  sliort 
time  into  the  greatest  number  which  the  pastoral  state  i»  capable  of  sus 
tainiug.  The  necessity,  says  Bnmd,  thus  imposed  upon  the  two  savage 
tliiftM^  of  dispersing  theniMtvm  £ir  and  wid»  orar  the  country,  afoids  a 
lOira  wbjf  «t  ft  very  early  period,  the  wonfc  peiti  of  the  enth  may  have 
heoome  inhabited. 

Bat  this  reaaon,  it  siay  be  laid,  is  only  apfdnsable  in  as  far  as  regards 
the  peopling  of  a  continuous  continent ;  whereas  the  smallest  islands, 
however  remote  from  continents,  have  almost  always  been  found  inha< 
bited  by  man.  St  Helena,  it  id  true,  afforded  an  exception  ;  for  wlien 
that  island  was  discovered  in  1501,  it  was  only  inhabited  by  sea-fowl, 
and  occasionally  by  seals  and  turtles,  and  was  covered  with  a  forest  of 
trees  and  shrul>»,  all  of  species  peculiar  to  it,  with  one  or  two  exceptions, 
and  which  seem  to  have  been  expressly  created  for  this  remote  and 
inwTatcd  spot.* 

The  islaada  also  of  Hanritiiii^  Boorbon,  Pitoains,  and  Jnan  Fasnan- 
dei^  and  those  of  the  Galapagos  archipeU^  one  of  which  Is  seventy 
milea  long;  were  inhahitad  when  fiiat  disooreiedv  and,  what  is  move 
remarkable  than  all,  the  Falkland  Islands,  which  together  are  ISO  inOes 
in  length  by  60  in  breadth,  and  abounding  in  food  fit  for  the  support 
of  man. 

Drifting  of  canoes  to  vast  distances. — But  vorv  few  of  the  nimiorovis 
coral  j^lf'ts  nnd  volcanoes  of  the  vast  Pacific,  capable  of  sustaining  a 
few  i'auiilies  ot  men,  have  U:eu  found  untenanted ;  and  we  have,  there- 
fore, to  iiK^uire  whence  and  by  what  means,  if  all  the  members  of  the 
gieai  human  family  have  had  one  common  source,  could  those  savages 
lia?e  migrated.  Cook,  Forster,  and  others,  hafc  leniarked  that  parties 
of  safages  in  their  canoea  most  have  lost  their  way,  and  mmt 
have  been  driven  on  distant  shores,  where  they  were  forced  to  remain, 
depriTcd  both  of  the  mean  and  of  the  requirite  intslfigence  for  rstnra- 
tog  to  their  own  country.  Thus  Captain  Cook  found  on  tlie  island  oi 
Wateoo  three  inbabitanta  of  Otaheito,  who  had  been  drifted  thither  in 
a  canoe,  although  the  distance  between  the  two  isles  is  550  miles.  In 
1696,  two  c.inoes,  cont^'ning  thirty  persons,  who  had  k'ft'Anrorso,  were 
thrown  bv  rnntrrtrv  winds  and  storms  on  the  island  of  Samai,  <  U(  of 
the  Philippines,  at  a  distance  of  800  miles.  Tn  1721,  two  can  m  >,  one 
of  which  contained  twenty-four,  and  the  other  six  persons,  men,  women, 
and  children,  were  drifted  from  au  island  called  Farroilep  to  the  island 
of  Ctaaham,  one  of  the  Mansas,  a  disCanoe  of  200  miles.f 

KbtninM^  when  investigating  the  Ooral  Ides  of  Radaok,  at  the  eas6> 
em  eitremity  of  the  Caroline  Isles,  became  acquainted  with  a  person  of 
tlm  naoMof  Kadv,  who  waa  a  native  of  Ulea,  an  isle  1600  miles  distant, 
from  which  he  had  been  drifted  with  a  party.  Kadn  and  three  of  his 
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oottiitrymcQ  one  day  left  Ulca  in  a  8ailiBg  boat,  when  a  Tiolect  stotai 
aroso,  and  drove  them  out  of  their  course :  they  drifted  about  the  open 
3ca  for  eight  months,  according  to  tlieir  reckoning  by  the  moon^  mttk' 
ing  a  knot  r  n  a  cord  at  every  new  moon.  Being  expert  fir^hermen,  they 
subsisted  eulirely  on  the  produce  of  the  sea;  and  when  the  rain  fell,  laid 
in  as  niucli  fresh  water  as  they  had  vessels  to  contain  iu  "  Kadu,'' 
«ays  Kot2ebue,  who  was  the  best  diver,  frequently  went  down  to  the 
bottom  <^  the  sea,  where  it  b  well  known  that  water  k  not  to  whr 
with  a  eoooa^nnt  shell,  with  only  a  small  opening."  *  When  fhess 
nnfortnnate  men  zeaohed  the  islee  of  Radael^  every  hope  and  almost 
erery  feeling  had  died  within  them ;  their  sail  had  long  been  destroyed, 
their  canoe  had  long  been  the  sport  of  winds  and  wares,  and  tbsy 
were  picked  up  by  the  inhabitants  of  Aur  in  a  state  d  insensibili^ ; 
but  by  the  hospit;tble  care  of  those  isUnders  they  soon  leoovered,  and 
were  restored  to  pertect  health,  f 

CapLam  Beechey,  in  his  voyage  to  the  racitic,  fell  in  with  some  native* 
of  the  Coral  Islands,  who  haJ  in  a  similar  manner  been  carried  to  a 
great  distance  iium  their  native  country.  They  had  embarked,  to  thu 
number  of  150  souls,  in  three  double  canoes,  from  Anaa,  or  Chain 
bland,  situated  about  three  hundred  miles  to  the  eastward  of  Otaheite. 
They  were  overtaken  by  the  monsoon,  which  dispened  the  canoes;  and 
after  driving  them  about  the  ooean,  left  them  becalmed,  so  that  a  great 
number  of  persons  perished.  Two  of  the  canoes  were  never  heard  of; 
but  the  other  was  drifted  from  one  uninhabited  island  to  another,  at 
each  of  which  the  voyagers  obtained  a  few  provisions ;  and  at  length, 
after  having  wandered  for  a  distance  of  600  miles,  they  were  found  and 
carried  to  their  home  in  the  Blossom.  J 

Mr.  Crawfurd  informs  me  that  there  are  several  well-auihenticat«d 
accounts  of  canoes  having  been  drifted  from  Sumatra  to  Madagascar, 
and  by  sucii  causes  a  portion  of  the  Malayan  language,  with  some 
useful  plants,  have  been  transferred  to  that  island,  which  is  principally 
peopled  by  negroes. 

The  spaoe  tiaveiaed  in  some  of  these  instances  was  so  great,  that 
similar  aceidenta  might  suffice  to  transport  canoes  from  variooa  parts  of 
Africa  to  the  shores  of  South  America,  or  from  Spain  to  the!  Aaoies, 
and  thence  t6  NorUi  America ;  so  that  man,  even  in  a  rude  slate  of 
Rodety,  is  liable  to  be  scattered  involuntarily  by  the  winds  ani  waves 
over  t!ie  globe,  in  a  manner  singularly  analogous  to  that  in  which  many 
plants  and  animals  are  diti'used.  We  ought  not.  t1i«'n,  to  wonder,  that 
during  the  ages  required  for  some  tribes  of  tli'  Imman  race  to  attain 
that  advanced  stage  of  civilization  which  eui]<ovvers  the  navigator  to 
•crosti  the  ocean  in  all  diiectiona  with  security,  the  whole  earth  should 

*  Chamiaeo  states  tliat  the  water  which  they  brouclit  up  wiis  cooler,  am!  in 
their  opinion^  loss  salt.  It  is  difficult  to  conceive  its  being  fresher  near  the  bot- 
tom, except  w  lierc  aabmarine  springs  may  happen  to  tm» 

+  Kotsebue'd  Voyage,  1815-1818.    Quarterly  Koviow,  vol.  xxvi.  p.  361. 

i  Narifctive  of  a  Voyage  to  the  Pacific^  dec,  in  the  years  1825, 182(^  1827, 
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hvn  become  the  abode  of  rude  tribes  of  Ininten  and  fiihen.  Weve 
the  whole  of  mankind  now  cut  off,  irilk  the  eiceptimi  of.  one  fiimUy 

iohabiting  the  old  or  new  continent)  or  Australia,  or  even  some  coial 
islet  of  the  Pacific^  we  might  expect  their  descendants,  though  ihtf 

should  never  become  more  enh'<rhtone(.l  than  tlie  South  Islanders  or 
the  ijisquiinaux,  to  spread  in  the  coui^e  of  ages  over  the  whole  earth, 
diffused  partly  by  the  tendency  of  population  to  increase,  in  a  limited 
district,  beyond  the  means  of  subsistence,  and  partly  by  the  accidental 
drifUi^  of  canoes  by  tides  and  currents  to  distant  shores. 

/fivof tmlary  Injhmee^  of  Ma»  in  di^fuikiff  Animab  and  PtmUa, 

Many  of  tlio  general  remarks  which  have  been  mado  r(>^pecting  the 
influence  of  man  in  spreading  or  in  checking  the  diffusion  of  pLants 
apply  e<^UHliy  to  his  relations  with  the  animal  kingdom.  On  a  future 
oocmoB  I  ahall  be  led  to  speak  of  the  instrumentafity  oor  apeeiee  in 
natnralinng  uaeful  animab  and  plants  in  new  regions,  when  ezplaining 
my  Tiews  of  the  effects  which  the  spieadiafip  and  inoresae  of  certain 
species  exert  in  the  extirpation  of  otheta.  At  present  I  shall  confine 
myself  to  a  few  remarks  on  the  involuntary  aid  which  man  lends  to  the 
dissemination  of  species. 

In  the  mammiferous  c1a««  our  influence  i?  chiefly  displayed  in  in- 
creasing the  number  of  quadruped-*  wlil-'h  nre  serviceable  to  us,  and  in 
exterminating  or  reducing  the  uumbi  r  »»f  tiio»o  which  are  noxious. 

Sometimes,  however,  we  unintentionally  promote  the  nmltiplication  of 
inimical  species,  as  when  we  introduced  the  rat^  which  was  not  indigenous 
in  the  new  world,  into  all  parts  of  America.  They  hare  been  conveyed 
over  in  shipe,  and  now  infest  a  greatf  multitude  of  islands  and  parts  cf 
that  contment  In  like  manner  the  Norway  rat  (ifiM  itewmnuij 
hss  been  imported  into  ^gland,  where  it  plundeis  Our  property  in  ships 
and  houses. 

Among  birds,  house  sparrow  may  Ik?  cited  ns  a  species  known  to 
have  extended  its  iat)ge  with  the  tillage  of  the  soil.  During  the  last 
century  it  luts  sj>read  gradually  over  Asiatic  Russia  towards  the  north 
and  ea&t,  always  following  the  progress  of  cultivation.  It  made  its  firat 
appearance  on  the  Irtisch  ii)  Tobolsk,  soon  after  the  Ruasiuis  had 
ploughed  the  land.  •  It  came  in  1785  up  the  Obi  to  Beresow,  and  four 
yeais  after  to  Naryn,  about  ^ftieen  degrees  of  longitude  isrther  east  In 
1710,  it  had  been  seen  in  the  higher  parts  cf  the  ooast  of  the  Lena,  in  the 
government  of  Irkutzk.  In  all  these  plaeeg  it  is  now  conunon,  but  is  not 
yet  found  in  the  uncultivated  regions  of  Kanrtschatka.* 

Tlie  great  viper  [Ftr  tie  lance),  a  species  no  less  venomous  than  the 
rattlesnake,  which  now  ravages  Martinique  and  St.  Lucia,  Wiis  accident- 
ally introduced  by  man,  and  exists  in  no  other  part  of  the  West  Indies. 

Many  parasitic  insects  which  attack  our  persons,  and  some  of  which 
are  supposed  to  be  peculiar  to  our  species,  have  been  carried  into  all  parts 
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of  the  earth,  and  hare  as  high  a  chuoi  ad  man  to  a  wUvenai  geograplii- 
cal  distribution. 

A  grcut  variety  of  insects  have  beea  transported  in  ships  from  one 
watAry  to  ano^Mr,  especially  m  wamer  ktitiidM.  TIia  EBtopttuhwo 
fij  has  been  intioduoed  in  thk  itaj  into  all  the  SonliL  Sea  Idandir 
Notwithnbtnding'  the  ocddneH.ef  our  eliBato  in  Englaiid  we  lume  Imbb 
naaBle  to  pravent  the  oodkroadi  (^/olte  orMntelit)  from  enteri^  and 
^i^fi^ng  itself  in  our  ovens  and  JcneadiiLg'  troughs,  and  aiaalnig  iteelf 
of  the  artificial  warmth  which  we  afford.    It  is  well  known  aleo^  that 
beetles,  and  many  other  kinds  of  ligniperdous  insects,  have  been  intro- 
duced into  Great  Britain  in  timber ;  especially  several  North  Amprican 
species.    "Tlie  commercial  relations,"  saysMalte-Bruu*,  "l>etween}  mn 
And  India  liavo,  trauspc»rted  from  tlie  latter  country  the  aphis,  whicii 
destrop  the  apple  tree,  and  two  sorts  of  Neuroptera,  the  Lucijuga  and  , 
Fhvicolay  mostly  confined  to  Provence  and  the  neighbourhood  of  Bour- 
deauxi  where  they  devour  the  timber  in  the  houees  and  naval  anenak" 
'  Among  moUuBka  we  may  mention  the  Teredo  imwo/h^  wluch  is  a 
Dative  of  equatorial  aeas^  but  which,  by  adhering  to  the  bottom  of  flfai|ii» 
wae  transported  to  HoUand,  where  it  has  been  moat  destructive  to  vessels 
and  piles.   The  same  species  has  also  become  naturalised  in  England, 
uid  other  countries  enjoying  an  extensive  commerce.   Bulimus  undattUy 
a  land  species  of  considerable  size,  native  of  Jamaica  and  other  "West  In- 
dian islands,  has  been  imported,  adheritig  to  tropical  timl^er,  into  Live^ 
pool ;  and,  as  I  leam  from  Mr.  Broderip,  is  now  naturalized  in  the  woodx 
near  that  town. 

In  ail  these  and  innumerablo  other  in&tauees  wo  may  regard  tiio  invo- 
luntary agency  <^  man  as  strictly  analogous  to  that  of  the  inferior  sah 
mah.  like  them,  we  unoonadouiBly  contribute  to  extend  or  limit  ths 
geographical  range  and  numben  of  certain  apeciee^  in  obedience  togeae- 
ral  rules  in  the  economy  of  nature,  which  are  for  the  meet  patt  IievoBd 
onr  oontio« 
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THS0BIE8  RSSPXOTIHa  TBB  OBIQIKAL  IHTR0DU0110H  OW  BPSOIBS. 

Whj  dktiiMt  proTUUWi  of  animAto  iad  plaats  have  not  become  more  blended 

togothcr — Bro<-^'1ii*s  speculations  on  the  loss  of  species — Stations  of  plants  and 
Animals — Caui^t^a  oa  which  they  depend — StaUona  of  plants  how  affected 
by  HDim«l«  Rmiililminn  in  lh«  number  of  spwies  how  presenred — ^Peculiar 
efficacy  of  iiiMeta  in  this* task — ^Rspidity  with  which  certain  inMCtt  maltiply 

or  dtfTi^n'^o  in  ntimbers — Effect  of  omnivorous  r(riini;il9  in  pre*<'rving  the 
equilibrium  of  species — lieciprocal  ioHuence  of  aquatic  and  tcm^trial  species 
oa  each  other. 

Theory  of  Linnmut — ^It  would  be  superfluous  to  examin  ti  c  various 
attempts  which  were  made  to  explain  the  phenomena  of  the  distri- 
bution of  species  alluded  to  in  the  preceding  chapters,  in  the  infancy 
of  the  sciences  of  botany,  zooloQfv,  and  physical  geography.  The 
theories  or  rather  conjectures  then  indulged  now  stand  refuted  by  a 
simple  statement  of  facts;  and  if  Lianuias  were  living  ho  would  be  the 
first  to  renounce  the  notions  which  he  promulgated.  For  he  imagined 
the  babitaUe  world  to  have  been  fat  a  certain  time  limited  to  one  email 
met,  the  onlj  portion  of  the  earth*s  surface  that  was  as  yet  laid  bate 
by  the  suhsidoice  of  the  prinueval  ocean.  In  this  fertile  spot  he  sup^ 
posed  the  onginab  of  all  the  species  of  plants  which  exist  on  this  globe 
to  havo  boon  congregated  together  with  the  first  ancestors  of  all  ani- 
mals and  of  the  human  race.  "  Id  qu&  commode  habitaverint  animalia 
omnia,  et  vegetabilia  laete  germinaverint."  In  order  to  accommodate  the 
variouB  habitudes  of  so  many  creatures,  and  to  provide  a  diversity  of 
climate  buited  to  their  several  natures,  the  tract  in  which  the  creation 
took  place  was  supposed  to  have  been  situated  in  some  warm  region  of 
the  earth,  but  to  have  contained  a  lofly  mountain  range,  on  the  heights 
and  in  the  declivities  of  which  were  to  be  fonnd  all  temperatures  and 
every  climate^  from  that  of  the  torrid  to  (hat  of  the  frozen  aone.* 

That  thfflre  never  was  a  universal  ocean  since  the  planet  was  inhabited, 
or,  rather,  since  the  oldest  groups  of  strata  yet  known  to  contain  organic 
remains  were  formed^  M  proved  by  the  presence  of  terrestrial  plants  or 
bv  indications  of  shores  in  all  the  older  formations;  and  if  this  con- 
elusion  was  not  established,  yet  no  geologist  could  deny  that,  since  the 
first  small  portion  of  the  earth  was  laid  dry,  there  have  been  many 
entire  changes  in  the  speeios  of  plants  and  nuimals  inhabiting  the  land. 

But,  without  dwelling  oa  tiic  above  and  other  refuted  theories,  let 
us  inquire  whether  some  hypoUie^  cannot  be  substituted  as  simple  as 
that  ci  linnsns,  to  which  the  pheaomena  now  ascertained  in  negard  to 
the  distribntion  both  of  aquatic  and  teneetiial  species  may  be  referred. 

*  P«  temA  habitahili  inccemeiito ;  also  Pricbard,  Phys.  Hist  of  M^nfciinl^ 
L  pi  17.,  where  the  hypotheses  of  different  nmmnJktt  are  eavmomted. 
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•  *n»o  following  may,  perhaps,  lo  k  concileable  with  known  facLs  : — Each 
Bpecies  mav  liave  had  iU  origin  in  a  single  pair,  or  individual,  where  an 
individual  vtas  sufficieut,  and  species  may  bavo  been  created  in  succession 
At  such  times  and  in  such  places  as  to  enable  them  to  multiply  and  endure 
for  an  appointed  period,  and  occupy  an  appointed  space  on  the  globe. 

In  Ofder  to  explain  this  theory,  let  us  suppose  etery  Unng  thing  to 
be  destroyed  in  the  western  hemisphere,  both  on  the  land  and  in  the 
9Cean,  and  permission  to  bo  given  to  man  t  >  ]  eoplethis  great  deserti 
Dy  transporting  into  it  animals  and  plants  from  the  eastern  hemispliere, 
a  strict  prohibition  being  enforced  against  introducing  two  onginat 
stocks  of  the  same  £>poci<"i. 

Now  it  is  easy  to  show  tliat  the  result  of  such  a  mode  of  colonizinij 
would  correspond  exactly,  so  far  as  roff  irik  tho  grouping  of  animals  and 
planta,  with  that  now  observed  tliroughouL  the  globe.  In  the  drst  place, 
it  would  be  necessary  for  naturiUists,  before  they  imported  species  into 
particQlar  localities,  to  study  attentively  the  olimate  and  other  phjsieal 
eonditioni  of  each  spot  It  would  be  no  less  requisite  to  infrodoce  the 
different  species  in  succession,  so  that  each  plant  and  animal  might 
hare  tune  and  opportunity  to  multiply  before  the  spedes  destined  to 
prey  upon  it  was  admitted.  Many  herbs  and  shrubs,  for  example,  must 
^read  £ur  and  wide  before  the  sheep,  the  deer,  and  the  goat  could  be 
allowed  to  enter,  lest  they  should  devour  and  amiihil-ife  the  oricjinal 
stocks  of  many  y^lants,  and  then  perish  themselves  for  want  of  f>od. 
The  above-mentioned  herbivorous  animals  in  their  turn  must  be  per- 
mitted to  make  considerable  progress  before  tho  entrance  of  the  first 
pair  of  wolves  or  lions.  Insects  must  be  allowed  to  swarm  before  the 
swallow  could  he  permitted  to  skim  through  the  air,  and  feast  on 
thousands  at  one  repast 

It  Is  evident  that,  howem  equally  in  this  case  our  ori^al  stocks 
were  distributed  wet  the  whole  sur&oe  of  land  and  water,  there  woold 
aefertheless  arise  disUnct  botanical  and  zoological  pRmnces,  for  there 
are  a  great  many  natural  barriers  which  oppose  common  obstacles  to 
the  advance  of  a  variety  of  species.  Thus,  for  example,  almost  all  the 
animals  and  plants  naturalized  by  us,  towards  the  extremity  of  South 
America,  would  b*^  nnable  to  spread  beyond  a  certain  limit,  towards  the 
east,  west,  and  south  ;  because  they  would  bo  stopped  by  the  ocean, 
and  a  few  of  them  only  would  succeed  in  reaching  the  cooler  latitudes 
of  the  northern  hemisphere,  because  they  would  be  incapable  of  bear- 
ing  the  heat  of  the  tropics,  through  which  they  must  pass.  In  the 
course  of  ages^  undoubtedly,  exceptions  would  arise^  and  some  species 
might  become  common  to  the  tempemte  and  polar  regtoos,  or  h*Hi 
sides  of  the  equator;,  for  I  hare  before  shown  that  the  powers  of  diffu- 
sion conferred  on  some  classes  are  very  great  But  we  might  oonll' 
dentiy  predict  that  these  exceptions  would  ne?er  become  so  numeroot 
as  to  invalidate  the  C!^«'noral  rule. 

Some  of  the  plants  and  animals  transplanted  by  us  to  ib.p  roast  of 
Chili  and  Peru  would  never  be  able  to  cross  the  Andes,  so  as  to  reach 


Digitized  by  Google 


CB.XL.]  bUPi'OSED  CENTBES  OF  CREATiOij.  667 

the  eastern  plains ;  nor,  for  a  auDiJar  xeason,  would  thoaa  fint  e»tib.khed 

lo  the  Pampas,  or  the  valleys  of  the  Amaioii  aod  the  OrinooOy  ever 

arrive  at  the  shores  of  the  Pacific. 

In  the  ocean  an  analf>£^ous  state  of  tliintr?  ttouM  prevail ;  for  there, 
also,  climate  would  ox^rt  n  crr-  ar  influence  in  limiting  the  range  of  spe- 
cies, and  the  land  would  stop  the  mirations  of  aquatic  tribes  as  effectuallj 
as  the  sea  arrests  the  dispersion  of,, the  terrestrial.  As  certain  birds,  in- 
sects, and  the  seeds  of  plants,  can  never  cross  the  direction  of  prevailing 
windi,  so  cunentB  hm  satoial  baniers  to  the  dlweminaidon  of  maay 
ooeailic  racea.  A  line  of  ahoeh  may  be  aa  unpaaiable  to  deep^ater 
qtedes^  as  are  the  AIpe  and  the  Andes  to  phmts  and  ammala  peotdiar  to 
plains ;  v  hile  deep  abysBes  may  prove  iompeimble  obetadeatothe  mira- 
tions of  the  inhabitants  of  shallow  waters. 

Supposed  centres,  or  foci,  of  creation. — It  is  worthy  of  oliwtcrTation, 
thnt  one  effect  of  the  intro<luetion  of  single  pairs  of  each  species  must  bo 
the  confined  ranrro  of  certain  groups  in  spots,  which,  like  small  islands, 
or  solitary  inland  litkes,  have  few  means  of  interchanging  their  inhabit- 
ants with  adjoining  regions.  Now  this  congregating  in  a  small  space 
of  many  peculiar  species,  would  give  an  appearance  of  emim  or  fod  of 
creation,  as  they  have  been  termed^  aa  if  they  were  fiiToorite  points 
where  the  creative  energy  haa  been  in  greater  action  than  in  othen,  and 
where  the  numbers  of  pecnliar  otganic  beings  have  ooneeqnently  beoome 

more  considerable. 

I  do  not  mean  to  call  in  question  the  sonndfiess  of  the  inferences  of 
some  botanists,  as  to  tlie  former  e\*i*t<"nf'*'  of  rrrtain  limited  spots  whence 
species  of  plants  have  been  propagated,  radiating,  a-s  it  were,  in  all  direc- 
tions from  a  common  centre.  On  the  oontrarv,  I  coneeive  these  pheno- 
mena to  be  tlie  necessary  consequences  of  the  plan  of  nature  before  sug- 
gested, operating  during  the  mooenive  mntatbna  of  the  soifaoe,  aome  of 
which  the  geologist  can  prove  to  have  talmi  jdace  subsequently  to  the 
period  when  many  apedea  now  mrieting  were  created.  In  wder  to  ex- 
emplify how  this  arrangement  of  plants  may  have  bem  prodooed,  let  na 
imagine  that,  abont  three  centuries  before  the  discover)^  of  St.  Helena 
(itsL'lf  of  .submarine  volcanic  origin),  a  multitude  of  new  islands  had 
been  thrown  \\p  in  iho  srirrounding  sea,  and  that  these  had  eaeh  become 
clothed  Viiih  ylunta  emigrating  from  St.  Helena,  in  the  same  manner  as 
the  wild  plants  of  Campania  have  ditTused  themselves  over  Monto  Nuovo. 
Whenever  the  first  botanist  investigated  the  now  archipelago,  he  would, 
in  an  probabili^,  find  a  diflbeni  anemblage  of  planta  in  each  of  the 
ishoida  of  recent  formation;  but  in  St  Hdenia  itael^  he  would  meet  with 
IndividQals  of  every  speoieB^  belonging  to  aU  parts  of  the  anliipelagOk 
and  some,  in  addition,  peculiar  to  itidf,  viz.,  those  which  had  not  been 
able  to  obtain  a  passage  into  any  one  of  the  surrounding  new-formed 
lands.  In  this  case  it  might  be  truly  said  that  the  original  island  was 
the  primitive  focu.",  or  centre,  of  a  certain  typo  of  yr::^rtation  ;  wh^rea?, 
in  thf  surrounding  islands,  there  would  be  a  smaller  number  of  species^ 
yet  aU  belonging  to  the  same  group. 
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But  this  peculiar  distribution  of  plants  would  not  warrant  tlio  cokicIq* 
sion  tliat,  in  the  spar»^  <x"f;upied  by  St.  Helena,  therM  had  been  a  ^ater 
exertion  of  creative  |>ower  tlian  in  the  8pac^  of  ('  jiKil  area  occupied  by 
the  new  u  Ij.'icent  lands  ;  bocauiic,  within  the  perioii  in  which  St.  Helena 
had  accoutred  its  peculiar  vegetation,  each  of  the  &pots  supposed  to  be 
•ubsequently  oonveit^  into  land  may  have  beeai  the  birth-jdaoe  of  a  great 
mmiber  of  murim  aiuiiuili  and  planli,  wMeb  maj  hm  had  tioM  W 
Mwlcer  tiieniielm  fiv  and  wide  over  the  tootbem  Atla&tkx 

Whtf  ditUtiet  prwineei  noi  mom  Mmrf0rf.--Peiiiai«  ^  ^  ^ 
jeotad  to  some  patto  of  the  foregoing  ttain  of  taaaouii^,  that  darings  the 
lapse  of  past  agee,  especially  during  many  partial  revolutions  of  the 
globe  of  comparatively  modem  date,  difiereoi  zoological  and  b<^anical 
provinces  ought  to  Inve  become  more  confounded  find  blended  together 
— that  the  di'-TriN  uion  of  i>pecits  approaches  (no  m  ;iilv  to  what  naight 
have  been  expected,  if  aniiuals  and  ])lants  lir^d  1» .  u  innoduced  into  the 
globe  when  its  physical  geography  had  iJiiady  ;t>^ii!iu  !  the  feature:* 
which  it  now  wearH ;  wheieiis  wo  know  that,  in  certain  di>tricts,  ooaaide- 
lablo  gcographvdl  ohangea  hava  taken  place  since  specie  identical  with 
diote  now  in  being  w«fe  ciaatad. 

SroeekPt  ^Meuiaiknt  nn  ^  tpeUet^-^Hm^  and  xaanj  fciadrad 
topioB  cannot  ba  fidly  diicoaMd  until  ire  iiava  ootnidarad,  not  nanl j  Iha 
general  laws  which  may  regulate  the  fiist  introduction  <^  apeoieBi  hat 
thoee  which  may  limit  their  dwratim  on  the  earth.  Brocchi  remarked, 
when  hazarding  some  interesting  conjectures  respecting  "the  loss  of 
species,"  that  a  modern  naturalist  had  no  small  assurance,  who  declared 
"  that  individuals  alono  were  capable  of  deftmction,  and  fitat  species 
were  so  peqietuated  that  nature  could  not  annihilate  tli'  in,  loncc  as 
the  planet  lasted,  or  at  lea«t  that  nothinij  les«  than  the  shock  uf  a  comet, 
or  some  similar  disaster,  could  put  au  eud  to  their  existence.'  *  Tht) 
Italian  geologist,  on  the  oooAnuy,  iiad  ■atiaBed  himMlf  tbafc  .many  ^>eciea 
of  Teetaoea,  wldch  kamoAj  inhabited  the  HeditemneaO}  had  beoomo 
eztind^  althoagb  a  great  number  of  othen,  whioh  bad  been  Iha  ocatHn- 
poiaiiea  of  fboee  loet  rac«^  still  surnved.  He  oama  to  Ilia  opinion  thai 
about  half  the  species  whioh  peopled  the  watoia  idien  the  Subapenniaa 
strata  irare  deposited  had  g^e  out  of  enitaioe;  and  in  this  infecenoa  ha 
does  not  appear  to  have  been  far  wrong. 

But,  instead  of  peeking  a  solution  of  this  problem,  like  some  other 
geologists  of  his  time,  in  a  ^  inlent  and  general  caUistrophe,  Brocchi  en- 
deavoured to  imagine  soiiir  r<  Lndar  aud  constimt  law  by  which  sjKnnes 
might  be  made  to  disap|>eai  iwin  the  earth  gradually  atid  in  succtt^ion. 
The  death,  he  suggested,  of  a  species  might  depend,  like  that  of  indivi* 
duals,  on  certain  pecnliaritiea  of  constitution  Gonfiarred  upon  tbam  at 
their  birth;  and  as  the  longevitj  of  the  one  dependa  on  a  oerlain  fime 
af  TitaKtj,  wbicfa^  after  a  period,  grows  weaker  9pA  weakov  ^  ^  ^^""^ 
tion  of  the  other  maj  be  governed  hf  the  qoaaiilgr  of  prolifio  powes 

*  Necker,  PhytozooL  Philosoph.  pb  21. ;  Brocchi,  Conch.  Fo««.  babap.,  tome 

i.p.m 
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bestowed  upon  Uie  apocies  vsliich,  after  a  season,  may  decline  in  energy, 
■o  that  the  fecundity  and  multipUcation  of  individuala  may  be  graduidly 
lej»encd  from  century  to  centtirs',  "  until  that  fatal  t^rm  arrives  when  the 
embryo,  incapabl*^  of  oxtendinc  nrifl  fl.'veloping  itself,  abandons,  nimmt 
at  tho  mstant  of  ila  tormati<jn,  the  slender  principle  of  life  by  which  it 
Yim  scarcely  animated, — and  i>o  all  dies  with  it*' 

Now  we  may  coincide  in  opinion  with  the  Italian  uaturaltat,  uii  to  the 
gndnal  exIinctioB  of  speekt  one  after  aiiollier,  by  the  openlioB  of  regular 
and  ooostaat  cauMt,  vithout  admittiag  an  inhennt  principle  of  deterioia 
tion  m  thob  fdiyiiologMial  attribittee..  We  might  conoede^ "  that  many 
species  are  on  the  decline,  and  that  the  day  is  not  far  dietant  when  thflj 
will  oeaw  to  exist  f '  vet  deem  it  consistent  with  what  \vo  know  of  the 
nhtme  of  oigaaio  beings,  to  believe  that  the  last  indifidQak  of  each  apeciea 
retain  their  prolific  powers  in  their  full  intt'nMty. 

Brocchi  has  himself  speculntod  on  tlu'  sharo  which  a  chan^  of  climate 
may  havtj  had  in  rendering  the  Mediterranean  untit  for  the  iiabitation  of 
certain  Testaoea,  which  still  continued  to  thrive  iu  tlic  Indutn  Ocean,  and 
of  others  which  were  now  only  represented  by  analogous  forms  within 
the  tropica.  He  must  abo  have  been  aware  that  other  estrinno  cawei^ 
raoh  aa  the  progiMs  of  hnman  population^  or  the  inereaee  of  mbm  one 
of  the  infisrior  anhnwKi,  might  gndnally  lead  to  the  eKtopation  of  a  pai^ 
ticular  species,  although  its  fecundity  might  remain  to  the  last  owmpaired. 

therefore,  amid  the  vioiaHtudes  of  the  animate  and  inanimate  world, 
there  are  known  causes  capable  of  brinpnnjr  about  the  decline  and  extir- 
pation of  species,  it  became  him  th<>rou<jfhlv  to  investigate  the  full  extent 
to  which  these  mij^lit  <^>|>erat«',  bcf'ire  he  speculated  on  anv  cause  of  so 
purely  hvj)othL'tical  a  kiuil  as  "  th*-  diiaiauiion  of  the  prolitic  virtue." 

If  it  could  have  been  shown  that  some  wild  plant  had  intiensibly  dwin- 
dled away  and  died  oat|  aa  aom^imee  happeaa  to  onltivated  Tarietiei  pro- 
pagated by  cuttings,  even  though  dimati^  aofl,  and  every  other  oiroam^ 
atanee^  ehoidd  eontinoe  identicallj  the  aamei-^f  any  animal  had  peridied 
'  whik  dia  phyneal  condition  of  Uie  earth,  and  the  number  and  force  of 
ita  Ibea^  with  avoy  othw  eoEtrinne  caae,  remain  unaltered,  then  might  we 
havajiome  ground  for  «uspeoting  that  the  infirmities  of  creep  on  as 
naturally  on  species  as  rtpon  individuals.  But,  in  the  absence  of  such  ob- 
servations, let  us  turn  t«>  another  i-lass  of  facts,  and  examine  attentively 
the  circumstances  wineii  determine  the  «/a/<(y/w  of  particular  animals  and 
plants  and  perhajxs  we  shall  dijicovcr,  in  the  vicissitudes  to  which  these 
stations  are  exposed,  a  cause  fully  adequate  to  explain  the  phenom^ia 
nnder  eonrideration. 

Siaiiem  of  pfmU  and  ofiMtali.— Stationa  oomprehand  all  Iho  eir> 
mm>«#«uM«^  whathar  relatmg  to  the  animata  or  iaammata  woiid,  wfakh 
dalermine  whether  a  given  plant  or  animal  can  enst  in  a  given  place; 
ao  til  at  if  it  be  shown  tl^  rtations  can  become  essentially  modified  by 
the  influenoe  of  known  cauMi)  it  will  IbUow  that  ^eeice^  aa  wall  ae  indi:- 

viduals,  nre  !nort:tl 
Every  naturaliut  is  familiar  with  the  fact^  that  although  iu  a  particular 
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country,  such  »  Great  Britain,  thei«  may  more  than  three  tbouaand 
^ocieB  of  plantii  ten  thouBaad  insects,  and  a  great  variety  in  each  of  th« 

other  classes;  yet  there  will  not  bo  more  than  a  hundred,  perhaps  not 
half  that  number,  inhabiting  any  g"ivt'n  locality.  There  may  be  no  want 
of  space  in  the  supposed  tnict :  it  may  In*  a  large  mountain,  or  an  exten- 
siv^e  moor,  or  a  great  river  plain,  containing  room  enough  for  individuals 
of  every  species  in  our  island ;  yet  the  spot  will  bo  occupied  by  a  few  to 
the  exdusion  of  many,  and  these  few  are  enaUed,  throughout  long  periods, 
to  nunntam  their  ground  suooesBfully  againet  evety  iBtnder,  notintb- 
rtaading  the  &i»litieB  which  spedee  enjoy,  bj  Tiitoe  of  their  power  of  dif- 
fiuioD,  of  iuTiidiiig  adjacent  tmtoriee. 

The  principal  causes  which  enable  a  certun  assemblage  of  plants  thus 
to  maintain  their  ground  against  all  others  depend,  as  is  well  known,  on 
the  relations  between  the  physiological  nature  of  each  species,  and  the 
climate,  exposure,  soil,  and  other  physical  conditions  of  the  loc-ality.  S^inie 
plants  live  onlv  on  forks,  others  in  meadow;?,  a  third  class  in  marsh*"*. 
Of  the  latter,  some  delight  in  a  fresL-water  morasai, — otiiers  iu  salt  mar 
where  their  roots  may  copiously  absorb  saline  particles.  Some  pretVr  an 
alpine  region  in  a  warm  latitude,  where,  during  Uie  heat  of  summer, 
they  are  ooostantly  irrigated  by  the  cool  waten  of  mdtii^  snows.  To' 
others  loose  sand,  so  &tal  to  the  generality  of  species^  affinds  the  most 
proper  station.  THiA  Oareit  artnaria  and  llie  Slfmnt  itrmanut  acjtme 
their  lull  rigor  on  a  sandy  done,  obtaining  an  ascendancy  wtt  the  Tety 
pl  uit'S  which  in  a  stiff  clay  ivonid  immediately  stifle  them. 

Where  the  soil  of  a  district  is  of  SO  peculiar  a  natnn  that  it  is^xtremely 
fevorable  to  certain  species,  and  agrees  ill  with  every  other,  the  former 
get  exclusive  possession  of  the  prumd,  and,  as  in  the  case  of  heaths,  live 
in  societies.  In  like  manner  the  boj^  moss  [SphagnunC)  is  fully  developed 
in  peaty  swamps,  and  becomes,  like  the  heath,  in  the  language  of  bota- 
nists, a  social  plant.  Such  monopolies,  however,  are  not  common,  for  they 
are  ched^ed  by  various  causes.  Not  only  are  many  species  endowed  with 
equal  powen  to  obtsan  and  keep  possession  of  siinilar  ttatiooa,  but  eadi 
plant,  for  reaeoos  not  fiilly  exphdned  by  the  physblogist,  hasiha  property 
of  lenderiog  the  soil  where  it  has  giown  leas  fitted  for  the  suppott  «f 
other  individnals  of  its  own  spedes,  or  even  other  wgocam  of  thie  same 
fiunily.  Tet  the  same  spot,  so  far  from  bong  Impoverished,  is  improved, 
for  plants  of  another  family.  Oaks,  for  example,  render  the  soil  moie 
fertile  for  the  fir  tril>e,  and  firs  prepare  the  soil  for  oaks.  Everv  acrricul- 
turist  feels  the  force  of  this  law  of  the  organic  world,  and  regulates  ac' 
cordingly  the  rotation  of  his  crops. 

Equilibrium  in  the  number  of  sj>ccira,  how  ]>reierved. — "All  the  plants- 
of  a  given  country,''  says  Do  CandoUe,  in  his  usual  spirited  style,  "are at 
war  one  with  aadther.  The  first  which  establish  themselves  by  chance 
in  a  partraidar  spoi  tend,  by  the  mere  oocup^ncy  of  space,  to  eidnde 
other  spedea— the  gieater  choke  the  smaller;  the  longest  liven  replace 
ihoae  which  last  for  a  ihoiier  period ;  the  move  prolifio  gradnaUy  makn 
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tlieinselves  masters  of  tHe  ground,  whioh  apodes  mnltiplynig  mora  dowlf 
would  othemlse  fill." 

lathis  continual  strife  it  is  not  always  the  resources  of  the  plant  itself 
wMoh  enalilr  to  maintain  or  oxtend  its  ground.  Tts  sncopss  dqiends, 
in  a  js^reat  nitaMn,',  on  the  number  of  its  foes  or  allies  among  the  animals 
and  plants  inhabit in?^  the  same  region.  Thus,  for  example,  a  herb 
which  loves  the  shade  may  multiply,  if  some  tree  witii  spreading  boughs 
and  doqfM  foliage  flounah  in  the  neighborhood.  Another,  which,  if  un 
Huted,  would  be  ovieipowerad  hj  tihe  tatik  growth  of  some  haxdy  com* 
podtor,  is  aeeuie  becaue  its  leaTea  are  unpalatable  to  eatUe ;  whidi,  on 
the  other  hand,  annually  crop  down  ita  antagoniat,  and  rarely  sufEer  H  to 
ripen  its  ^eed. 

Oftentimes  we  see  some  herb  which  has  flowered  in  the  midst  of  a 
thorny  shrub,  when  all  the  other  individuals  of  the  sam^  species,  in  the 
opr'n  fipUls  aroimd,  arc  eaten  down,  and  cannot  bring  their  seed  to 
maturity.  In  this  case,  the  shnib  has  lent  his  armor  ot'  s-jiincs  and 
prickles  to  protect  the  defenceless  herb  agaiust  tho  moutlis  of  the  cattle, 
and  thus  a  few  individuals  which  occupied,  perhaps,  the  most  un&vor- 
aUa  Btttdon  in  regard  to  exposure,  soU,  and  other  cirennistanoes,  may, 
nevertheless^  by  the  aid  of  an  ally,  beoome  the  principal  souroe  w1im«% 
the  winds  are  supplied  with  aeeds  which  perpetuate  the  species  through- 
out the  surrounding  tract  Thus^  in  the  New  Forest  in  Hampshire,  the 
young  oaks  which  are  not  consumed  by  the  deer,  or  uprooted  by  the 
swine,  are  indebted  to  the  holly  for  their  escape. 

In  the*  above  examples  we  '^'^•o  nno  plant  '^hielflin'T^  another  from  the 
attacks  of  animals;  but  instances  arc,  j»erhaps,  still  more  numerous, 
where  some  animal  defends  a  plant  against  the  enmity  of  some  other 
subject  of  the  vegetable  kingdom. 

Scarcely  any  beast,  observes  a  Swedish  naturalist,  will  touch  the 
nettle,  but  fttf  diSeient  Hnds  of  insects  are  &d  by  it*  Some  of  thess 
SMie  upon  the  root^  others  upon  the  stem ;  some  eat  the  leav^  others 
devour  the  seeds  and  flowers ;  but  for  this  multitude  of  enemi^  the 
nettle  (  Urtica  dioica),  which  is  now  found  in  all  the  four  quarters  of  the 
globe,  would  annihili^  a  great  number  (.f  plants,  I.innreus  tells  us,  in 
his  "Tour  in  Scania,"  that  goats  were  turned  into  r\n  inland  which 
abounded  with  the  Agrostls  arundinacm,  where  they  |Hrislied  by  famine; 
but  liors<'s  Avliich  followed  them  grow  fat  ou  the  same  plant  The  goat, 
also,  he  says,  thrives  on  the  meadow-sweet  and  water-hemlock,  plants 
which  are  injurious  to  cattle.f 

Agency  of  inmt$,—l^erj  plant,  oheerves  Wilcke^has  its  proper  in- 
sect allotted  to  it  to  curb  itsluzurianoy,  and  to  prevent  it  from  multiply- 
ing to  the  exclusion  of  others.  *  "Thus  grass  in  meadows  sometunes 
flourishes  so  as  to  exclude  all  oth«r  phmts;  here  the  Pbalaena  graminis 
(jB^miyap grom),  with  her  numerous  progeny,  finds  a  well-spread  table; 

*  Anna.  AMd.  vsL  vi    H.  §  IS.  t  Ihid.  vol  viL  p.  M 
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they  multiply  ni  immense  numbers,  and  the  farmer,  for  s«jme  yeaTs, 
laments  i}\>^  fnilure  of  his  crop ;  but  the  gram  being  consumed,  the 
moths  di«  With  liuno-er,  or  nimove  to  another  place.  Now  the  quantity 
of  grass  being  gixuily  diminished,  the  other  plants,  which  irepe  before 
choked  hj  it,  spiiog  up,  and  the  ground  becooilt  variegated  witb  «  mnl* 
titiido  of  diAnwt  ipeoiM  of  Hmrrn,  Bid  Bofc  naton  gifoi  s  cobibw' 
aiOB  to  tiiis  miniitar  for  that  purpose,  the  gmt  wonld  deitfoj  a  gieal 
nnniber  of  qpoowi  of  nigiBlaUes»  of  ivliieli  tke  oq[inffi)riiim  is  npw  kept 

In  the  above  passage  allMMm  is  made  lo  the  tamges  committed  ia 
1740,  and  the  two  following  years,  in  many  provinces  of  Sweden,  by  a 
most  destructive  insect.  Tlie  same  moth  is  said  never  to  touch  the  fox- 
tail grass,  so  that  it  may  bo  rlfi«««^d  as  a  mo&t  active  ally  and  benefactor 
of  that  species,  and  a.s  peciiliuii)  instrumental  in  preservin^r  it  iu  ito 
present  HbuQdauce.f  A  discovery  of  lU>lauder,  cited  in  the  treatise  <^ 
Wiioka  abovo  mentkuiod,  aflnds  a  good  iUvtndoii  of  tUb.oheeka  and 
ooaQile^dleeks  whkh  naftan  lias  appointed  to  pnsenre  tho  balaiiQe  of 
poirer  among  speoies.  '*Tlie  Phaimm  tfrobUeUa  lias  the  fir  eoae 
asrigned  to  it  to  dtpoaii  its  eggs  npon;  tho  yonng  catorpillaia  oonmig 
aal>  of  the  shell  consume  the  oone  and  snpwfluous  seed ;  bn^  lest  the 
dMtniction  should  be  too  general,  the  Ichneumm  Hnbilellcg  lays  its  eggs 
in  the  catcrpiHfir,  insertinix  its  lonc^  teil  in  the  openincr?  of  the  cone  till  it 
touches  tlie  included  ins<^'ct,  for  its  body  ia  too  large  to  enU's.  IIsm*  it 
fixes  its  minute  egg  upon  the  oateipillari  which  being  hatched,  destroys 
it."t 

ESntomologistb  enumerate  many  parallel  cases  where  insects,  appropri- 
ated to  oertain  pbnts,  are  kgpt  down  by  other  inseets,  and  these  agaia 
by  parasites  expressly  appointed  to  prey  on  them.§  Few  peihaps  an  ia 
the  habit  of  duly  appraoiatfaig  the  eortent  to  which  iaseda  aie  active  ia 
presi^rving  the  bahuioe  of  apeotes  among  planti,  and  diQs  regvikl&Bg  in- 
directly the  lehttive  nmnbeia  of  maaj  of  the  higher  orders  «f  lemstrial 
animals. 

Th*^  pAt-'ulinntv  of  thoir  aircncy  consi-jt^  in  their  power  of  suddenly 
multiplying  their  nunilK*rs  to  a  dec^ree  which  could  only  bo  accnmpli'-ihod 
in  a  considerable  lapse  of  time  in  any  of  the  larger  animals,  and  tht  n  as 
instantaneously  relapsing,  without  the  intervention  of  any  violent  diaturb- 
ing  cause,  into  ihrn  f<mner  insignificance. 

1^  for  the  saha  of  employing,  on  diffnent  hat  rare  ooeasions,  a  power 
of  many  hundred  horses,  we  were  under  the  neoesri^  of  feeding  all  these 
amrnals  at  great  oost  in  the  intervals  when  their  ser?ioes  weie  not  te> 
quired,  we  should  greadjr  admire  the  invention  of  a  maohine,  mch  as  the 
steaBfr«ngine,  which  was  capable  at  any  moment  of  exerting  the  same 
dec^w  of  strenrjth  withotit  nnv  «>nsnmption  of  food  during  periods  of 
inaction.  Tho  «nTnp  kind  of  admiration  is  strontjlv  excited  when  we 
contemplate  ihe  powers  of  insect  life,  in  the  creation  of  which  the  Author 

*  Amoen.  Acad.,  rol.  vl  p.  17.  811,  IS.    f  Kirby  and  Spen«^  vol  L  p.  178. 
I  Amoan.  Aeadl,  vol.  vL  p.  M.)  \4,       %  Kirbjr  and  Sp«ne«^  vol  iv.  p.  SIB. 
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of  nature  jjas  been  so  prodigal.  A  scanty  number  ot'  minute  individunls, 
to  be  det»X',tod  only  by  caret'ul  research,  are  ready  in  a  few  days,  weeks, 
or  mouths,  to  give  birtli  to  myriads,  which  may  repress  any  degree  ot 
monopoly  in  another  spedos,  or  remove  nuUanoes,  such  as  dead  carcases, 
which  mi^t  taint  the  air.  But  no  aooiier  haa  ihe  destroying  commia- 
iton  been  encnted  than  the  gigftntic  poirar  beoomea  dormant  each  of 
tho  mighty  host  aoon  nachea  Unm  of  ita  ttaoaiaiit  enstenoe^  and  the 
aeaaon  mnn  yiheik  the  irhole  apedei  paaaea  natu)  ally  into  the  egg,  and 
thence  into  the  larva  and  pupa  state.  In  this  defenoeleaa  conditioii  ii 
may  be  destrovt  d  either  by  tlie  elements,  or  by  the  augmentation  of 
some  of  its  numerous  foes  which  may  prey  upon  it  in  tlie  early  stages  of 
its  transformation  :  or  it  often  happens  that  in  the  f*)llowiiig  year  the 
season  proves  imfavorahie  to  the  hatching  of  the  eggs  or  the  develop* 
ment  of  the  pupa;. 

lima  the  awanning  myriada  depart  whioh  may  have  coiveied  theTege- 
tation  like  theapbidea,  or  darkened  the  air  like  locuala.  In  ahnoat  eveiy 
aeaaoii  there  are  aome  apedm  which  in  Hbk  manner  put  forth  their  * 
strength,  and  then,  like  Milton's  spirits,  vihkh.  thronged  the  apMnooa 
haU|  *^  raduoe  to  amallest  forms  their  abapea  immenae'*— 

 So  thick  tlie  nery  orovrd 

Swnrm'd  and  were  straiten'd ;  till  tiie  signal  given, 
Behoid  a  vim^wl  they  bat  now  who  lecin'd 
In  bigness  to  surpass  eartli's  giant  SOUi^ 
Sow  1ms  than  smallMt  dwarfis. 

A  few  examples  will  illustrate  the  mode  in  whidi  thia  ibioe  operatea. 
It  ia  well  known  that,  among  the  oonntleie  apeeiea  of  the  insect  creabon, 
aome  feed  on  anunal,  others  on  TegetaUe  matter ;  and  upon  ooosadetii^ 
a  catalogue  of  eight  thousand  British  Insects  and  Aiaohnid»,  Mr.  Kiiby 
found  that  these  two  divisions  were  nearly  a  counterpoise  to  each  other, 
the  carnivorous  being  somewhat  preponderant  There  are  also  distinct 
specie*,  some  appoint<^"l  to  consume  living,  others  dead  or  putrid  animal 
and  vegetable  substances.  One  female,  of  Musca  camaria^  will  give  birth 
to  twenty  thousand  voung ;  and  the  larva*  of  many  flesh-flies  devour  so 
much  food  in  twenty-four  hours,  and  grow  so  quickly,  as  to  increase  their 
weight  two  hundred-fold !  In  five  days  after  being  hatdied  they  arrive 
«t  their  fuU  growth  and  ske,  so  that  thera  waa  ground,  says  Ejrby,  for  the 
aawrtionof  Linnieu8|  that  thsee  flies  of  JT.  imniloria  could  devour  a  dead 
hoise  aa  quiddy  as  a  lion*;  and  another  Swedish  naturalist  rcmarkB,  that  so 
g^at  are  the  powers  of  pK^agation  of  a  single  s])eciea  even  of  the 
amallest  insects,  that  each  can  commit,  when  required,  move  mvagea  than 
the  clepliant.f 

Next  to  locusts,  the  aphides,  perliaps,  exert  the  gTeaf<^st  power  over 
the  vi^table  world,  and,  hke  them,  are  so  metimes  so  numerous  as  to 
darken  the  air.   The  multi{^cation  of  these  little  crcxiiures  is  wiiiiuut 

*  Kirby  and  Sp«uce,  vol  i.  p.  25a         f  Wilcke,  Amoen.  Acad.  e.  ii  . 
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panlkl,  and  almost  every  plant  has  its  peculiar  species.    UMNOinir  bas 

proved  that  in  five  generations  one  aphis  may  bo  the  progenitf>r  of 
5,904.000,000  doscem];uit«i :  and  it  is  supposed  that  in  one  year  there 
may  l>e  twenty  gcneratious,*  Mr.  Curtis  ob'^en  es  that,  &a  amonif  cat«r- 
pillars  we  find  some  that  are  constantly  and  uualtorably  attacli<'.i  to  one 
or  more  particular  species  of  plants,  and  others  that  feed  indiscnminately 
on  most  aqits  of  herbage^  to  it  is  precisely  with  the  aphides:  aoma  an 
pciticnlaTf  othen  more  general  feeden ;  and  as  thajTeaemble  other  inaeota 
in  this  rsapect,  ao  they  do  alao  in  beltag  mora  abondant  in  aome  jaan 
than  in  otlien.f  In  1793  they  were  the  chie^  and  in  1798  th«  aok^ 
cause  of  the  failure  of  the  hops.  In  1794,  n  aeaaon  ahnoat  un|  ir  Jleled 
for  drought,  the  hopwaa  perfectly  free  from  them ;  while  peas  and  beani^ 
eepecially  the  former,  8uftere<l  very  much  from  their  depredations. 

The  ravages  of  the  <vitpr|»illars  of  some  of  our  stnaller  m'l!}!^  ritford  a 
good  ilhi^tration  of  the  temporary  increase  of  a  s[)ecics.  liiy  oak-trtes 
of  a  oonsuierable  wowl  have  been  sti  ijijA-d  (jf  their  leaves  as  bare  as  in 
winter  by  the  caterpiUai-s  of  a  i»mall  green  moth  [Tortrix  virtdaimj, 
which  has  been  obeyed  the  year  following  not  to  abound^  The  silTer 
Y  moth  (Plntia  ffaimma\  aUhongh  one  ^  oar  oommoa  apccies,  ia  not 
dreaded  1^  iia  for  ita  devaatationa ;  but  legiona  of  their  cateipjUaia  have 
at  timea  created  alann  in  France,  aa  in  1785.  Reatunnr  obaema  that 
the  fomale  moth  lays  abont  four  hundred  eggs ;  so  that  if  twenty  cater- 
pillaia  were  distributed  in  a  garden,  and  all  lived  through  the  winter  and 
became  moths  in  the  succeeding  May,  the  eggs  laid  by  these,  if  half  of 
them  were'  female  and  all  fertile,  would  in  the  next  generation  province 
800,000  caterjMllars.^  A  modern  w  riter,  therefore,  justly  observes  that, 
did  not  Providence  ])ut  causes  in  operation  to  keep  them  in  due  bounds, 
the  caterpillars  of  tliis  moth  alone,  leaving  out  of  consideration  the  two 
thousand  other  liridsh  species,  might  soon  destroy  more  than  half  of  our 
v^tation.| 

In  the  iatter  part  of  the  hut  oentoiy  an  ant  moat  destmetive  to  the 
aogarcane  {Fomi»  aaflckariwira),  appeared  m  nich  infinite  hosia  in  the 
idand  cf  Granada,  as  to  put  a  stop  to  the  culthratioa  of  that  fegetable. 
Their  numbers  were  incrediUe.  The  plantations  and  roa^  were  filkd 
with  them;  many  domestie  quadnipedsi  toggether  with  niia^  mioB|  and 
reptiles,  and  even  birds,  perished  in  consequence  of  this  plague.  It  was 
not  till  1780  that  they  were  at  length  annihilated  by  torrenta  rain, 
which  accompanieil  a  dreadful  hurricane.*^ 

JJcvaslaUonn  caused  hy  locusts. — We  may  conclude  by  mentis  •umg 
some  instances  of  the  devastations  of  locusts  in  various  countries.  Among 
other  parts  of  Africa,  Cyrenaica  has  been  at  different  periods  infested  by 
myriads  of  these  creatiireS|  which  have  consumed  neaily  every  green 
The  effect  of  the  havoc  committed  by  them  mny  be  eatimated 


*  Kirby  and  Spence,  voL  i.  p.  174.         \  Trana.  Linn.  Soc.,  voL  vi. 

iLib.  Ent  Know.,  loMet  Tnui&,  p.  203.    See  Ilaworth,  Lep. 
Reaumur,  iL  337.  |  tiU  Eat  Kdow^  Insect  Traoa,  p.  212. 
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by  tlie  faraino  tlioy  occasioned.  St.  Augustin  mentions  a  plague  <rf  Una 
kind  in  iVfrica,  which  destroyed  no  le«H  than  800  non  mpn  in  the  king- 
iom  of  Massinissa  alone,  and'  many  more  upon  tho  tcrntorios  bordering 
upon  tho  sea.  It  is  also  related,  that  in  the  yoar  691  an  infinite  army 
of  locuBts  migrated  from  xVtrivi^i  into  Italy ;  and,  after  grievously  ravaging 
tlia  oonntry,  were  cast  into  the  sea,  when  there  aroee  a  pestilence  from 
tfadr  stencil,  which  csnied  off  ncaily  a  nuUion  of  men  and  beaata. 

In  tho  Yenetian  territoij,  alao^  in  174$,  more  than  ihir^  lliouaand 
persons  are  aaid  tohavoperiabed  in  a  ii|mino  occasioned  by  this  aoouige ; 
and  other  inatsnoea  are  recorded  of  their  devastations  in  France,  Spain, 
Italy,  Germany,  '<&c  In  different  parts  of  Ruraia  also,  Hungary,  and 
Poland,  in  Arabia  and  India,  and  other  countries,  their  visitations  have 
been  periodically  experienced.  Although  they  have  a  protV-renco  for 
certain  plants,  yet^  when  these  are  consume<l,  they  will  attack  alnK«t  all 
tlie  remainder.  In  the  accounts  of  the  invasion  of  locusts,  the  stato- 
ments  which  appear  most  marvellous  relate  to  the  prodigious  mass  of 
matter  which  enonmbeistfao  aea  wherever  they  are  blown,  into  it,  and  the 
peatilence  ariiing  from  its  pntreAwtion.  Their  dead  bodiea  are  aaid  to 
havo  been,  in  aomo  plaoea,  heaped  one  npon  another,  to  IhA  depth  of  four 
feet,  in  Kussia,  Poland  and  Lithuania ;  and  when,  in  Southern  Africa, 
they  WON  driven  into  tlie  sea,  by  a  north-w^t  wind,  they  formed,  saya 
Barrow,  aloncr  the  shore,  for  fifty  milr'«,  .i  bank  thrff^  or  four  feet  hijrh.* 
But  when  we  consider  that  forests  are  stripped  of  (1h  ir  foliage,  and  the 
earth  of  its  green  garment  for  thousands  of  square  miles,  it  may  well  be 
supposed  that  the  volume  of  animal  matter  produced  may  equal  that  of 
great  herds  of  quadrupeds  and  flights  of  large  birds  suddenly  precipitated 
into  the  aea. 

Hie  ocenRenco  of  auch  oventB^  at  ontain  intemk^  in  hot  coontiieak 
liico  the  aeveie  wmten  and  damp  anmmois  tetiiRiing  after  a  aeriea  of 

years  in  the  temperate  zone,  may  affect  the  proportional  nimibers  of 
almoet  all  clas^ses  of  animals  and  plants,  and  probably  prove  lifital  to  the 
existence  of  many  which  would  otherwise  thrive  there ;  while,  on  the 
contrary,  the  Fs-nm*"  occurrences  can  scarcely  fail  to  he  favorable  to 
certain  species  which,  if  deprived  of  such  aid,  might  not  maintain  their 
ground. 

Although  it  may  usually  bo  remaiked  that  the  extraordiuaiy  increase 
of  eoroe  one  species  is  immediately'  fUiowod  and  diecfced  by  the  multiK 
plication  of  another,  yet  thia  does  not  alwaya  happen ;  partly  becatne 
many  apeeiea  feed  in  common  on  the  aame  Mnda  of  food,  and  partly  be^ 
cause  many  Unds  of  food  aie  often  conaomed  indiflerently  by  one  and 
the  same  iqpecies.  In  the  former  case,  where  a  variety  of  diflfaient  ani- 
mab  have  precisely  the  same  taste,  as,  for  example,  when  many  insec- 
tivorous birds  and  reptiles  devour  alike  some  particular  fly  or  beetle,  the 
unusual  numbers  of  these  insects  may  cause  only  a  slight  htvI  almost 
imperceptible  augmentation  of  each  of  th^  species  of  bird  and  reptile. 

*  TraveU  in  Afriea,  p.  257.  Kirby  snd  Speaee,  vol  i.  p.  tl^ 
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tb  the  otber  iosUDoes,  where  one  animal  preys  on  others  of  almost  every 
class,  as  for  pxamplo,  where  our  English  buzzards  devour  not  only  small 
quadrupeds,  ;is  rabbits  and  field-mice,  but  also  birds,  frog«.  lizards,  and 
insects,  tlie  pr-  ifn-^ion  of  any  one  of  these  hist  may  cause  aU  such  general 
feeders  to  suL>^j>.L  more  exclusively  upon  the  species  thus  in  exc<^  by 
which  means  the  balan^  may  be  restored. 

Agency  ^  (mfMWwu  ammalt* — Hie  tnmiber  of  species  wluoh  am 
nearly  omoivovous  »  oooaiderable;  ftiid  although  every  anhiial  has^  per> 
faape,  a  predUeotioii  for  aome  one  deecriptioik  of  food  tather  than  anoUiMv 
jtA  eome  aie  noi  eren  oonfined  to  one  of  the  great  Idngdoiiia  of  tiie  oi^ 
ganic  world.  Thus,  when  the  raccoon  of  the  West  Indies  eaD  piocnre 
neither  fowla,  fish,  snails,  nor  insects,  it  will  aUAck  the  sugar-eanes^  and 
devour  various  kinds  of  grain.  The  civeta^  irhmi  aniniai  food  la  aeatee^ 
maintain  themselves  on  fruits  and  roots. 

Numerous  birds,  which  feed  indiscriminately  on  insects  and  plants, 
arc  perhape  more  instrumental  than  any  other  of  tho  terrestrial  tribes  in 
preserving  a  constant  equilibrium  between  the  relative  numbers  of  differ- 
ent classes  of  animids  and  vegetables.  If  the  insecta  become  very  nu- 
nerouB  and  devour  the  plants,  thow  biida  will  immediately  denhw  a 
larger  portion  of  their  subsiatenoe  firom  ioaocta,  jaat  aa  the  ibahiaMi 
SyxianSf  and  Hottentola  food  on  locoata,  when  the  locoata  devour  their 
cropa. 

SedproeeU  in  flumce  of  a (fuaik  and  terrettrial  species, — The  intimate 
fdation  of  the  inhabitants  of  the  water  to  those  of  the  land,  and  the  in* 
fluonco  exerted  by  each  on  the  relative  number  of  species,  must  not  be 
overlooked  amongst  the  complicated  causos  which  determine  the  exist- 
ence of  atvimals  mv\  ]>l-a)ts  in  certain  region??.  A  larj^e  portion  of  tho 
amphibious  quudi  ujiuii^i  and  reptiles  prey  partly  on  aquatic  plants  and 
auimaU,  and  in  part  on  terrestrial ;  and  a  deficiency  of  one  kind  of  prey 
causes  them  to  have  immediate  recourse  to  the  other.  The  voracity  of 
oertain  insects,  aa  the  dragouHy,  for  example,  is  oonfined  to  the  water 
duiing  one  irtage  of  tiieir  tranafonnatioiiB,  andin  their  peilect  stale  to  the 
air.  Innamerable  water-birds^  both  of  riven  and  seasi  derive  in  Uke 
manner  their  food  indifierently  from  eitlier  element ;  so  tliat  the  atian- 
dance  or  scarcity  of  prey  in  one  induoes  them  either  to  forsake  or  mom 
constant  Iv  to  haunt  the  other.  Thus  an  intimate  collection  between 
the  state  of  the  animate  creation  in  a  lake  or  river,  and  in  tlie  adjoining 
dry  land,  i?*  maintained;  or  between  a  continent,  witli  its  lakes  and  riv- 
ers, and  the  oct  an.  It  u  well  known  that  many  birds  migrate^  during 
stormy  &oasou:s,  from  the  sea-«hore  into  the  interior,  in  search  of  food; 
while  others,  on  the  contrary,  urged  by  like  wants,  forsake  their  inland 
hamits,  and  live  on  snbstanoea  rejeoted  by  tho  tide. 

The  ndgiation  of  fish  into  rivers  during  the  spawning  seaaon  aappliea 
another  link  of  the  same  kmd.  Suppose  the  sahnon  to  be  redooed  in 
ommben  by  some  marine  foea,  aa  by  s^ds  and  gtampnaea,  the  oonaeciiwnoe 
must  often  be,  that  in  the  course  of  a  few  years  tho  otters  at  the  distanoe 
of  several  hundred  milei  inhmd  will  be  ksseiied  in  number  from  the 
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aeaicitj  of  iiih.  Qnthd  ot]ier]iand,if  llmbaadMrthof  feo^ 
young  67  of  the  salmon  in  riven  and  estuaries,  so  that  few  return  to  tlw 
sea,  the  sand  eels  and  other  marine  t^iecies,  wluoh  are  naiiaUjrkept  d<nm 

by  the  salmon,  Avill  swarm  in  grcfitcr  pn/usion. 

It  is  unnecessary  to  accumulute  a  c^reatcr  numbor  of  illustrations 
in  order  to  prove  that  the  stations  of  different  plants  and  animals 
depend  on  a  ^reat  complication  of  circumstances, — on  an  inniiense 
variety  of  relations  in  the  stato  of  the  inanimate  worlds.  Every  plant 
requires  a  certain  climate,  &oil,  and  other  conditions,  and  often  the  aid 
of  many  animals,  in  order  to  maintain  its  ground*  Many  animals  Ibed 
on  oerCain  plants,  being  often  restriofeed  to  a  small  number,  and  some* 
times  to  (me  only;  other  membeit  of  the  animal  kingdom  feed  on 
plant'eatuig  qMcleSi  and  thus  become  dependent  on  ihe  eozditicms  of 
the  stations  not  only  of  their  prey,  but  of  the  plants  consumed  by  them. 

Having  duly  reflected  on  the  nature  and  extent  of  th^e  mutual 
relations  in  the  diff'erent  parts  of  the  oro^anic  and  inorgtinic  worlds,  we 
may  next  proceed  to  examine  the  results  which  may  h*}  anticipated 
from  tlie  fluctuations  now  continually  in  progress  in  the  state  of  the 
earth's  surface,  and  in  the  ge(^raphical  distribution  of  its  living  pro> 
ductions. 


OHiiPTER  XLI 
nmranoH  or  8Pion&— cnAirans  nt  ram  avAnovs  ov  ahiiuxb. 

Extension  of  the  rjinije  of  ono  sp«cies  alters  the  condition  of  many  others — ^The 
lirst  appearance  of  a  new  species  causes  the  chief  disturbance — Changes 
IcnowB  to  hsTa  resolted  irom  the  tdTanee  of  hnnum  poptdation— Whether 
man  increases  the  productive  powers  of  the  earth — Indigenous  quadmpadft 
and  birds  extirpated  in  Great  Britain — Extinction  of  the  do^lo — KapiJ  propa- 
gation of  domestic  quadrupeds  in  America — Power  of  exterminating  species 
BO  pruegatiTe  of  man— ConeladiBg  femarhs 

Wn  hare  seen  that  the  stations  of  animals  and  plants  depena  not 
merdy  on  the  influence  of  external  agents  in  the  inanimate  world,  and 
the  relations  of  that  influence  to  the  structim  and  habits  of  each  spe- 
cies, but  also  on  the  state  of  the  contemporary  living  beings  which 
inhabit  the  same  part  of  the  globe.  In  other  words,  tlio  possibility  of 
tho  existi-nce  of  a  certain  fipocios  in  a  given  place,  or  of  its  thriving 
more  or  less  tlierein,  is  determined  not  merely  by  temperature,  Lumi- 
ditv,  soil,  elevation,  and  other  circumstnncos  of  the  like  kind;  but  also 
by  the  existence  or  nou-exibteuce,  the  abundance  or  scarcity,  of  a  parti- 
cular assemblage  of  other  plants  and  animals  in  the  same  region. 

If  it  be  shown  that  both  these  daaies  of  draumstanoes,  whether 
foiating  to  the  animate  or  inanimate  creation,  m  perpetasUy  changing^ 
H  wili  Mow  thai  spedes  are  snljeot  to  inoessant  vieissitndes';  and  i 
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the  result  of  these  mutations,  in  the  course  of  agee,  be  so  grett  at 
materially  to  affect  the  general  condition  of  stathm,  it  will  follow  that 
the  <meccs.sivo  destrnetion  of  species  must  now  be  part  of  the  rejgulai 
and  const-ant  order  of  nature. 

Extension  of  lite  ranffe  of  one  }>2>tciiii  alters  the  condition  oj  the  others. 
— It  will  bo  desirable,  first,  to  consider  the  effects  which  every  extension 
of  the  u  umbers  or  geographical  range  of  one  species  must  produce  on 
the  condition  of  otl«n  inhibiting  the  samn  ngtona*  Whan  the  neoei- 
Baiy  conieqaeoeeB  of  sueh  eitentions  have  been  hVj  ezphuned,  the 
reader  will  be  prepeied  to  nppieaste  the  impoitut  inflnwDoe  wliieh 
slight  modifications  in  the  physical  geography  of  the  globe  may  eseit 
on  the  condition  of  organic  beings. 

In  the  first  place,  it  is  clear  that  when  &nj  region  is  stocked  with  as 
great  a  v;\riety  of  animals  and  plants  as  the  productive  power>»  of  that 
roonnti  will  enable  it  to  support,  tfie  addition  of  any  iii^w  species,  or  the 
permanent  numerical  increase  uf  one  previously  established,  mu&t  always 
be  attended  either  by  the  local  extermination  or  the  numerical  decrease 
of  some  other  speciej. 

There  may  undoubtedly  be  oonaiderable  fluotnations  firom  year  to 
year,  and  the  equilibrium  may  be  again  restored  without  any  permanent 
alteration ;  for,  in  partionlar  seasons,  a  greater  supply  of  heat,  humidity, 
or  other  causes,  msy  augment  the  total  quantity  of  TegetaUe  pioduoe^ 
in  which  case  all  the  animals  subsisting  on  vegetable  food,  and  ottien 
which  prey  on  them,  may  multiply  without  any  one  wpmm  grring  way ; 
but  whilst  the  aggregate  quantity  of  vegetable  produce  remains  unaltered, 
the  progressiTe  increase  of  one  animal  or  phuit  implies  the  decline  of 
another. 

All  agriculturists  and  gardeners  are  familiar  with  the  fact  that  when 
weeds  intrude  themselves  into  the  space  appropriated  to  cultivated  spe- 
cies, the  latter  are  starved  in  their  growth,  or  stifled.  If  we  abandon 
ibr  a  short  time  a  field  or  garden,  a  host  of  indigenous  plants^  * 

The  darnel^  hemloel^  end  rsak  flmduny, 

pour  in  and  obtain  the  masteiy,  extirpating  the  exotics,  or  putti^  an 

end  to  the  monopoly  of  some  native  plants. 

If  we  inclose  a  park,  and  stock  it  with  as  many  deer  as  the  herbage 
will  support,  we  cannot  add  sheep  withoiit  le^'senin'x  the  number  of  tbe 
deer ;  nor  ran  other  herbivorous  species  be  subsequently  introduced,  unlt« 
the  individuals  of  each  species  in  the  park  become  fewer  in  piopurtion. 

So,  if  there  be  an  island  where  leopards  are  the  only  beasts  of  prey, 
and  tbe  lion,  tiger,  and  hyma  aftmarda  enter,  the  leopards,  if  the;f 
stand  their  ground,  will  be  reduced  in  number.  If  tbe  loeuats  then 
atrive  and  awarm  greatly,  they  may  deprive  a  large  nnmbsf  of  plant- 
eating  animals  of  their  food,  and  thereby  cause  a  fiunine,  not  ealy 
among  them,  but  among 'the  beasts  of  prey:  certain  species  perhaps, 
which  had  the  weakest  liooting  in  tbe  island,  may  thus  be  annihilated. 
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We  have  soon  how  manv  «!i<<tinrt  gpofrraphical  provinces  tliere  are  of 
aquatic  and  terrestrial  species,  and  iiow  great  am  tho  powers  of  migra- 
tion coufurred  on  different  clo&iics,  whereby  the  iniiabiianLH  of  one  region 
m&y  be  enabled  from  time  to  time  to  invade  another,  and  do  actually  so 
nugnta  and  diffiue  IhemselTeB  cnrw  ooontiies.  Now,  aldioDS^  our 
Jmoirkdge  of  the  hiatocj  of  the  tfUBWte  eraatioii  datoi  fiom  w  leoent  a 
period,  tibat  we  oan  eoaroely  trace  the  ad?aiioo  or  dedmo  of  any  admal 
or  pkn^CKoeptm  thoee  cases  when  theinflueiioeof  inan|iaai&terreiied; 
yet^e  cm  eesily  conceive  what  most  happen  when  some  new  colony  of 
wild  animals  or  plants  enten  a  regUa  for  the  first  tiine,  and  encoeeda  in 
establishing  iLself. 

Supposed  eJicU  of  the  firtt  entrance  of  fh^  jiolar  bmr  into  Iceland. — 
Let  ii.s  consider  how  great  are  the  devabUiiioas  committed  at  certain 
periods  by  the  Greenland  bears,  when  they  are  drifted  to  the  shores  of 
Icehmd  ia  oonndemble  uoBiben  on  the  ice.  Theio  periodical  inTanona 
are  fimnidaUe  even  to  man;  lo  that  when  the  heaia  arrive,  the  inhabit- 
anti  coUeot  together,  and  go  in  pnnnit  of  them  with  fite-anna— each 
native  w  ho  slays  one  being  rewarded  by  the  King  of  Denmark.  Ihe 
Danes  of  old,  when  they  landed  in  their  marauding  expeditions  upon  our 
coast,  hnrfllv  excited  more  alarm,  nor  did  our  islanders  muster  more 
promptly  for  the  defence  of  tht  ir  lives  twl  property  Mijninst  tlu'  common 
enemy,  than  the  modem  Icelanders  ul,miiisL  these  lutmiaable  brutes.  It 
often  happens,  says  Henderson,  that  tho  natives  are  pursued  by  the  bear 
when  he  has  been  long  at  sea,  and  when  his  natural  ferocity  1ms  l>eeu 
he%btened  hy  the  keennees  of  hunger ;  if  noarmed,  it  is  frequently  by 
itratagem  only  that  they  make  their  eacape.* 

Let  ne  east  our  thoughte  back  to  the  period  when  the  lint  polar  bean 
leaohed  Iceland,  before  it  was  edoniied  by  ^e  Norwegians  in  874 :  we 
may  imagine  the  breaking  up  of  an  immeniie  barrier  of  ice  like  that 
which,  in  1816  and  tho  following  year,  disappeared  from  the  east  coast 
of  Greenland,  which  it  had  surrounded  for  f'>\ir  t  ontnrics.  By  the  aid  of 
such  means  of  transportation  a  great  nurnlxT  of  these  (juadrupeds  might 
effect  a  laiitling  at  the  same  time,  and  the  havoc  which  they  would  make 
among  the  species  prev  iously  settled  in  the  island  would  be  terrific.  The 
deer,  ksm,  Male,  and  even  birds,  on  which  these  aaiinals  sometiBieBprey, 
would  be  soon  thinned  down. 

Bat  this  would  be  a  part  only,  and  probably  an  nagnificani  portion, 
.  of  the  aggregate  amount  of  change  brought  about  by  the  new  invader. 
The  plants  on  which  the  deer  fed,  being  lessoonsnmed  in  ocnacq^aenoe  of 
the  lessened  numbers  of  that  herbivorous  species,  would  soon  supply  more 
food  to  several  insects,  and  probably  to  somo  terrestrial  te  tncf  a,  so  that 
the  latter  would  gam  ground.  The  increase  of  these  would  fiiriji>li  other 
insects  and  birds  with  food,  so  that  the  numbers  of  thejxi  liusl  ^vuuld  U 
augmented.  The  diminution  of  the  seals  would  afford  a  respite  to  som« 
fish  whiflk  they  hkd  persecuted;  and  these  fish,  in  their  tarn,  would  then 
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multiply  and  press  upnn  their  poftiliar  prey.  Many  watcr-fovvlH.  tlie  r"r'-^ 
and  youn!^  of  whirh  ure  devoinx  J  l>\  luxcs,  would  increase  \vin  u  ihc  luxea 
wen?  thinned  down  l»y  the  bears ;  and  the  fish  on  which  the  water-fowls 
subsisted  would  then,  in  their  turn,  bo  less  numerous,  ihua  thts  numen 
cal  proportions  of  a  great  Dumber  of  the  inbabitaniSi  both  of  the  land  and 
•ea,  might  be  pennanently  altered  by  the  settlrag  of  one  new  speoies  is 
the  region ;  and  the  efaangee  caused  indiiecUj  would  lauufy  tiirough  all 
dasses  of  the  Wog  cieatMm,  and  be  almost  endless 

An  actual  Ulustratioii  of  what  we  have  here  only  proposed  hypotheti- 
cally,  is  in  some  degree  afforded  by  the  selection  of  small  islands  by  the 
eider  duck  for  its  residence  during  the  season  of  incubation,  its  nest  being 
seldom  if  ever  found  on  the  shores  of  the  main  land,  or  even  of  a  larofo 
island.  The  let  laiidcrs  are  so  well  aware  of  thi*,  tliat  they  have  expeii<ied 
a  great  deal  of  labor  in  forming  artificial  ishiuds,  by  separatii);^  from  the 
main  land  certain  promontories,  joined  to  it  by  narrow  isthmuses.  This 
insuliiT  position  is  necessary  to. guard  against  the  debtruction  of  the  eggs 
and  young  birds,  by  foxes,  dogs,  and  other  •''"'"•^■^  One  year,  sap 
Hooker,  it  happened  thai,  in  the  small  island  of  Vidoe,  adjoining  the  coast 
of  loeland,  a  fox  got  over  n/wn  the  tee,  and  caused  great  akom,  as  an  im^ 
mense  number  of  ducks  wefe  then  sitting  on  their  eggs  or  young  ones. 
It  was  long  before  he  was  taken,  which  was  at  last,  however,  ^ected  by 
bringing  another  fox  to  the  island,  and  fastening  it  by  a  string  near  the 
haunt  of  the  former,  by  whic  h  lie  was  allured  within  shot  of  the  hunter.* 

The  first  appfamn''''  <^f  a  new  species  causes  the  chkf  distHrbrtnee. — It 
is  usually  tiie  tirst  a|<pearance  of  an  animal  or  plant,  in  a  rer;ion  to  which 
it  was  previonsly  a  stranger,  that  gives  ri»e  to  the  chief  alteration  ;  n'nce, 
alter  a  luue,  an  equilibrium  is  again  established.  But  it  must  require 
ages  before  such  a  new  adjustment  of  the  relative  forces  of  so  many  con- 
flicting agents  can  be  definitely  settled.  Hie  causes  in  rimultaBeons 
action  are  so  numerous^  that  they  admit  of  an  almost  infinite  number  of 
combinations ;  and  it  is  neceasaiy  diat  all  these  should  have  ooconed  once 
before  the  total  amount  of  change,  capable  of  flowing  from  wy  new  dis- 
turbing foroe^  can  be  estinuted. 

Thus,  for  example,  suppose  that  once  in  two  centuries  a  frost  of  nn- 
usual  intensity,  or  a  volcanic  eniption  of  great  vi<)l<  !ico  accompanied  by 
floods  from  the  meltinof  of  glacieiy,  --liould  occur  in  Icdnnd  ;  or  an  epi- 
demic dis4>nse,  faUil  to  tiie  larger  number  of  individuals  of  some  one  species, 
and  nut  utlcctiag  others, — these,  and  a  variety  of  other  contingencies,  all 
of  which  may  occur  at  once,  or  at  periods  separated  by  different  iutervalj; 
of  time,  ought  to  happen  before  it  would  be  possible  for  us  to  declare  what 
ultimate  alt^tion  the  presence  of  any  new  comer,  such  as  the  bear  Movs 
mentioned,  might  occasion  in  the  animal  population  of  the  isle^ 

Every  new  condition  in  the  state  of  the  organie  or  inciiganio  craatioB, 
a  new  animal  or  plants  an  additional  snow-dad  mountain,  any  penna* 
Dent  change^  however  slight  in  com]Mrison  to  the  whole,  gives  riae  to  a 
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naw  Older  of  thiiigsv  ud  may  nuks  s  mftterial  dunge  in  Kgttd  toaom^ 
006  or  more  species.  Yet  a  swimii  of  looiuts,  or  a  frost  of  extreme 
intenuty,  or  an  epidemic  disease,  may  pass  away  without  any  great 

apparent  deran^t^mont :  no  spf^cics  mav  be  lost,  and  a!l  vnny  soon 
recover  tli.  ir  icini -r  relative  numbers,  because  the  same  scoiiru^os  may 
have  viJiiii  d  lite  n  j^ion  again  and  again,  at  j»receding  periods.  Every 
plant  that  was  incapable  of  resistins*;  such  a  degree  of  cold,  every  animal 
which  was  exiK>sed  to  be  entirely  cut  oft  by  an  epidemic  or  by  iamiiiu 
caused  by  the  ooiisumptioD  of  vegetation  by  the  locusts,  may  have 
petiaked  already,  so  that  the  subsequent  recunenoe  of  linilar  cataafcro- 
phea  is  attended  only  by  a  temporary  change. 

Changes  caused  by  Man 

We  are  best  aisquamted  vith  the  mutations  brought  about  by  the 
progress  of  human  population,  and  the  growth  of  plants  and  animals 
favored  bv  man.  To  those,  therefore,  \vc  ?houM  in  the  first  instance 
turn  our  attention.  If  we  conclude,  from  tii»*  foncurrent  testimony  of 
history  and  of  tlio  evi<]ence  yielded  bv  creological  data,  that  man  is, 
comparativelv  s{>e.ikiiig,  of  very  modern  *jrigin,  we  must  at  oiico  }>erceive 
how  great  a  revolutiuu  in  tlie  state  of  the  animate  world  the  increase 
of  the  human  race,  considered  merely  at  ooosomers  of  a  certain  quantity 
of  organic  matter,  must  neoeesarilj  cause. 

Wkglker  mm  inenatet  th§  pnduetwe  powtn  i^ikt  earth, — ^It  may 
perhaps,  be  s«d,  that  man  has,  in  some  degree^  eompensated  for  the 
appropriation  to  himself  of  so  much  food,  by  artifidally  improving  the 
natural  productiveness  of  soils,  by  irrigation,  manure,  and  a  judicious 
intermixture  of  mineral  ingredients  conveyed  from  different  localities. 
But  it  admits  of  ren-^oTrible  doubt  whether,  upon  the  whole,  we  fertilize 
or  impoverish  the  lands  whioh  we  occupy.  Tliis  a-^sertion  may  seera 
startling  to  many  ;  because  they  are  so  much  in  tho  habit  of  rep^arding 
the  sterility  or  productiveness  of  land  in  relation  to  the  wants  of  man, 
and  not  as  regards  the  organic  world  generally.  It  is  ditlicult,  at  first, 
to  oonceive,  if  a  morass  is  converted  into  arable  hmd,  and  made  to  yield 
A  crop  of  grain,  even  of  moderate  abundance,  that  we  have  not  impi-oved 
the  eapahilitaes  of  the  habitable  sorfiMe^that  we  have  not  empowered 
it  to  support  a  laiger  quantity  of  oigamo  life.  In  snch  cases,  however, 
a  tract,  before  of  no  utility  to  man,  may  be  reclaimed,  and  become  of 
high  agricultural  importance,  though  it  may,  nevertheless,  yield  a 
scantier  vegetation.  If  a  lake  be  drained,  and  turned  into  a  meadow, 
the  space  will  provide  sustenance  to  man,  and  many  terrestrial  animals 
service.'tble  to  him,  but  not,  perhaps,  so  much  food  as  it  previously  yielded 
to  the  ;i'pi;itic  races. 

If  the  pestiferous  I'ontino  marslies  \vt  r.j  drained,  and  covered  with 
com,  like  the  plains  of  the  I'o,  they  might,  perhaps,  ft>eii  a  smaller 
number  of  animals  than  they  do  now ;  for  these  morasses  are  filled  with 
herds  of  bufiloes  and  swine,  and  they  swarm  with  birds,  reptiles,  and 
iaaeota. 
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The  feiling  of  demo  and  lofly  forests,  which  coTered,  even  whhin  tiit 
records  of  history,  a  considerable  space  on  the  globe,  now  tenanted  hy 
civilized  man,  must  generally  havo  loosened  the  amount  of  vr^i^r-table 
food  tbrouL^hout  the  space  where  thete  Avoods  nrew.  Wo  must  aUo 
taku  HiLu  our  account  the  area  covert  by  towns,  and  a  still  lai^ger  sur- 
face occupied  by  roads*. 

If  we  force  the  soil  to  bear  eztraordinary  crops  one  year,  we  anv 
perbapsy  eompelled  to  let  it  lie  fiJlow  the  nuL  But  nothing  so  moch 
connterbalances'the  fertilitbg  effects  of  human  art  aa  the  ettenmre 
coltifalioB  of  for^^n  herbs  and  shmfas^  which,  although  they  are  oAea 
•  more  nutiitioiis  to  man,  seldom  thrive  with  the  same  rank  luxuriance  as 
the  native  plants  of  a  district.  Man  is,  in  truth,  continually  striving  to 
diminish  the-natural  diversity  of  the  stations  of  animals  and  plants  in 
every  conntry,  and  to  reduce  them  all  to  a  small  number  fit  tod  for 
species  of  economical  use.  He  may  succeed  perfectly  in  attaining  his 
object,  even  though  the  vegetation  be  oomparativeiy  meagre,  and  the 
total  amount  of  animal  life  be  greatly  lessened. 

SpijE  and  Martius  have  given  a  lively  description  of  the  iucrediUe 
number  of  insects  which  hy  waste  the  orops  in  Brasil,  bendes  swanns 
of  monkeys,  flocks  of  parrots,  and  other  Inrds,  as  well  as  the  paca, 
agouti,  and  wild  swine.  They  describe  the  torment  whidi  the  pisnter 
and  the  naturalist  soffiar  from  the  mnsquitoes,  and  the  devastation  of 
the  ants  and  blattae ;  they  speak  of  the  dangers  to  which  they  wire 
exposed  from  the  jaguar,  the  poisonous  serpents,  crocodiles,  scorpions, 
centipedes,  and  spiders.  Bui  with  the  increasiqg  population  and  culti- 
vation of  the  countr}',  my  these  naturalists,  t}ie*e  evils  will  craf^nally 
diminish  ;  whon  the  inhabitants  have  cut  down  (he  woods,  drained  the 
marshes,  made  roads  in  all  directions,  and  founded  villager  and  towijs, 
man  will,  by  degrees,  triumph  over  the  rank  vegetation  and  the  noxious 
auimaU,  and  ail  the  elements  will  second  and  amply  recompense  his 
activity.* 

Ihe  number  of  human  bemgs  now  peopling  the  earth  is  supposed  to 
amount  to  eight  hundred  nulUons,  so  that  we  may  essily  nndustand 
how  great  a  number  of  bessts  of  prey,  birds,  and  animala  of  every  dass, 
this  prodigious  population  must  have  displaced,  independently  of  the 
still  more  important  consequences  which  have  followed  bom  tiie 
derangement  brought  about  by  man  in  the  relative  numerical  strength 
of  partictdar  species. 

Indipenou^  qv.ndrnpcdH  and  birdn  extirpated  in  Great  Brifain. — -I^-t 
us  make  SMint-  iut|uirie3  mto  the  extent  of  the  intluence  wlucU  iho  pro- 
gress of  society  has  exerted  during  the  last  §even  or  eight  centuries,  in 
altering  the  distribution  of  iudigeuous  British  animals.  Dr.  Fleming 
has  prosecuted  this  inquiry  with  his  usual  seal  and  ability;  aad  in  a 
memoir  on  the  subject  has  enumerated  the  best^uthenticatedenamples 
of  the  decrease  or  exUipation  of  certain  apecieB  during  a  period  when 

*  Tkav^  b  BnuH,  vol  i  pc  Mft 
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our  population  has  made  the  most  rapid  adTaaoes.  I  shall  offer  a  brief 

outline  of  his  rosiilta.* 

Tho  Htflcr,  well  as  tho  fallow  Ucer  and  tlic  roe,  were  formerly  so 
abuiidaut,  ia  uur  island,  iLat,  according:  tu  Lesley,  from  five  hundred  to 
a  thousand  were  sometimes  slain  at  a  iiunting  matcli ;  but  the  uapve 
laoee  would  alreadj  hare  been  extinguished,  had  they  not  been  oare- 
fnlly  preserved  In  oertain  fimstei  Tb»  otter,  the  marten,  and  the 
polecati  were  also  in  snffident  numbeia  to  be  punned  for  the  sake  of 
their  fur ;  but  tb^  have  now  been  rednoed  within  very  narrow  bounds. 
The  wild  cat  and  fox  have  also  been  sacrificed  throughout  the  greater 
part  oi  the  country,  for  the  security  of  the  poultry-yard  or  »he  fold^ 
Badgers  liavc  been  expelled  ham  nearly  every  distriot,  which  at  former 
periods  they  inhabited. 

Besides  these,  which  have  In  on  driven  out  from  their  favorite  haunts, 
and  everywhere  reduced  in  number,  there  arc  some  which  have  been 
wholly  extirpated  ;  such  as  the  ancient  breed  of  indigenous  horses,  and 
the  wild  boar;  ottbe  wild  osan  a  few  lemaina  are  still  preserved  in 
eome  of  the  old  BogUsh  parks.  The  beaver,  wbioh  is  e^;«r]y  sought 
after  for  its  for,  had  become  scarce  at  the  dose  of  the  ninth  centoiy; 
and,  by  the  twelfth  c(mtury,  was  only  to  be  met  with,  according  to 
Gtraldos  de  Barri,  in  one  river  in  Wales,  and  another  in  Scotland.  The 
wolf^  once  so  much  dreads  by  our  ancestors,  is  said  to  have  maintained 
its  ground  in  Ireland  so  late  as  the  beginning  of  th.*^  eirrhtfenth  renturj' 
(l7lO),  though  it  had  hcen  extirpated  in  Scotland  ilii)  ty  yeare  before, 
and  in  England  at  a  much  earlier  period.  The  bear,  which,  in  Wales, 
was  regarded  as  a  beast  of  the  chase  equal  to  the  hare  or  the  boarf, 
only  perished,  as  a  native  of  Scotland,  in  the  year  1057.^ 

Many  native  birds  of  prey  have  also  been  the  subjects  of  ui^remittiag 
persecntion.  Ibe  eagles,  larger  hawks,  and  rayeas^  have  disappeared 
from  the  more  enltivated  distriots.  The  haunts  of  the  mallard,  the  snipe, 
the  redshank,  and  the  bittern,  have  been  drained  equally  with  the 
summer  dwellings  of  the  lapwing  and  the  curlew.  But  these  species  still 
linger  in  some  portion  of  the  British  isles ;  wliereas  the  larger  capercailzies 
or  wood  grouse,  formerly  native  of  the  pine-forests  of  Ireland  and  Ser>t^ 
land,  have  been  destroyed  within  the  last  sixty  years.  The  egrtL  and 
the  crane,  which  appear  to  have  been  formerly  very  conunon  in  Scot- 
land, are  now  only  occasional  visitants.^ 

The  bustard  (0/m  tarda)^  observes  Qraves,  in  his  British  Ornitholo- 
gy||,  was  fwmerly  seen  in  tbe  downs  and  heaths  of  variona  parte  of 
«  onr  island,  in  flocka  of  forty  or  lllty  birds;  wheresa  it  is  now  a  oinmm-  . 
stance  of  rare  ooenrrenoe  to  meet  wltih  a  single  individual."  Bewick 
also  remarka,  ''that  they  were  formerly  more  common  in  this  island 
than  at  preseiit;  they  are  now  fonnd  only  in  the  open  oonntifla  of  the 

•  Ei  Phil  Joum.,  No.  xxiL  p.  287.  Oct  1824.       f  Hay.  Syn-  Quad.,  p.  214 
1  Fl«imiift  Ed.  Pha  Joan.,  So.  xdL  p.  29&.       i  Fleming  ibid.,  pw  m 
I  YoL  iiTLoadoD.  IBSL 
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south  and  east — ia  the  plains  of  Wiltshire,  Dorsetsliire,  and  some  paii* 
of  Yorksliire."*  Ia  the  few  years  that  have  elapsed  since  Ik-wick 
wrote,  thia  bird  has  entirely  disappeared  from  Wiltshire  and  Dor^etiihire. 

These  changes,  it  may  bo  observed,  are  derived  from  very  imperfect 
memorials,  and  relate  only  to  the  lai^r  and  mm  cwii^noaoiis  aninub 
inhabitiiig  a  small  spot  on  the  globe ;  bat  ihej  4sannot  fiul  to  exalt  our 
conception  of  the  enonnons  lerolutioiis  which,  in  iho  comae  of  aevefal 
IhoQund  yeaia,  the  ivhole  hmnaa  ^pectea  most  have  effected. 

JSxtinclimi  of  the  ilorib.*The  kangaroo  and  the  ema  are  retreating 
rapidly  before  the  progrest  of  colonization  in  Australia ;  and  it  ficarcelj 
.admits  of  doubt,  that  the  general  cultivation  of  that  country  must  lead 
to  the  extirpation  of  both.  The  most  striking  example  of  the  Joss, 
even  within  the  last  two  centuries,  of  a  remarkable  species,  is  that  of 
the  dodo — a  bird  first  seen  by  the  Dutch,  when  they  landed  on  the  Isle 
of  France,  at  that  time  uninhabited,  immedi«tely  after  the  discovery  of 
the  pasaage  to  the  East  Indiee  by  the  Cape  of  Oood  Hope^  It  ma  of 
a  large  sice^  and  ungnlar  form ;  its  wings  short,  like  (heae  of  an  ostrich, 
and  wholly  inoapabte  of  sustaining  its  heavy  body,  even  for  a  ih<»t 
flight  In  its  general  appearance  it  differed  from  the  ostrich,  cassowaiy, 
or  any  known  bird.f 

Many  naturalists  gave  figures  of  the  dodo  afler  the  commencemeot 
of  the  {seventeenth  century*  and  there  is  a  painting  of  it  in  th^*  Britifh 
Museum,  which  is  said  to  have  been  taken  from  a  living  in  !  vidual, 
ikotath  the  painfmg  is  a  leg,  in  a  fine  slate  of  preservation,  which  orni- 
thologists are  agreed  cannot  belong  to  any  othtr  known  bird.  In  the 
mosewn  at  Oxford,  also,  there  is  a  foot  and  a  head  in  an  imperfect  state. 

In  spite  of  the  most  acttre  search,  during  the  last  centmy,  no  infiw- 
matton  respecting  the  dodo  was  obtained,  and  some  anthoia  have  gone 
so  iar  as  to  pretend  that  it  never  eiiated;  but  a  great  masa'  of  satis- 
factory evidence  in  favor  of  its  recent  existence  hat  now  been  collected 
by  Mr.  Broderip^  and  by  Mr.  Strickland  and  Dr.  Melville.  JMr.  Strick* 
land,  agreeing  with  Professor  Roinhardt,  of  Copenhagen,  in  referring 
the  dodo  to  the  Columbidie,  calls  it  a  vulture-like  frugivorous  pigeon."' 
It  appears,  also,  that  another  short-winged  bird  of  the  same  order,  called 
"The  Solitaire,"  inliiii.uied  the  small  island  of  iiodrigues,  300  miles  east 
of  the  Mauritius,  and  has  been  exterminated  by  man,  as  have  one  or 
two  different  but  allied  Inrdi  of  the  Isle  of  Bowbonj 

•  Land  Binla,  vol.  i.  p.  310.  ed.  1821. 

f  Some  liav«  eompkuoed  that  inscriptions  on  tomb-stones  oonvey  bo  central 
inromuitioii,  exe«pt  that  indivldaals  were  born  and  died,  accidenti  irhiem  mtwt  « 
happen  alike  to  nil  men.  But  tho  death  of  a  tpecie*  is  so  remurkaMo  .in  <-vtnt 
in  natural  history  that  it  deserves  oonmienrormUon,  and  it  is  with  no  small 
interest  that  we  learn,  firom  the  arehirei  of  the  TTniversi^  of  Oxford,  the  exaet 
day  and  yoar  wlion  the  remains  of  llie  lust  .«j>eeiinea  of  the  dodo,  vhich  hud 
b«en  permitted  to  rot  in  the  Ashmolcau  Museum,  were  cast  away.  The  reha^ 
we  aM  told,  were  ''a  nrnmo  rabdaeti,  annnente  viee-eaneelhirio  aliisaae  ear*- 
taribns  nd  ca  lustranda  0<mvoeati%  die  Jnnuarii  8vo,  a.u.  I75r>."  ZooL  Joora. 
No.  12.  p.  659.  1828.  t  Penny  Cjclopoidia,  "Dodn."  18S7.- 

S]fflt8n.8triddandanailelTi]Ie on  "the DodeWitaKuidred.* London  184& 
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Rapid  propagation  of  domestic  quadrupeds  over  the  American  conti" 
vi'vf. — Next  to  the  direct  agency  of  man,  his  indirect  influence  in 
inukiplying  the  numbers  of  large  herbivorous  quadrupeds  of  domesti- 
tatod  races  may  be  regarded  aa  one  of  the  most  obvious  causes  of  the 
exteroiinatiou  of  species.  On  this,  and  on  several  other  gruuudii,  the 
mtvodtiction  of  the  horse,  ox,  and  otber  mammalia,  into  Americai  and 
their  rapid  propagation  over  that  ocatiaeni  withtn  the  Ust  three  oentu- 
tieti  n  a  fact  of  great  importaaoe  in  natural  histoiy.  The  extraordi- 
naiy  herds  of  wild  cattle  and  horwe  which  overran  the  plains  of  South 
America  Bpninjg  from  a  very  few  paiie  first  carried  over  hy  the  Spaniards ; 
and  they  prove  that  the  wide  geographical  range  of  largo  species  in 
gr^at  continent-^  does  not  neoeaearily  imply  that  they  have  existed  there 

fro!Ti  r»'TiK>f<»  p<*rioils. 

iiuiuUoldl  observes,  in  his  Travel.s,  on  the  authority  of  Azzara,  that 
ii  is  believed  there  exi&l,  iu  tiio  pHUipai^  of  Buenos  Ayres,  twelve  miilion 
cows  and  three  million  horses,  without  comprising,  iu  this  enumeration, 
the  cattle  that  have  no  acknowledged  proprietor.  In  the  Uanoe  of  Garao- 
cai,  the  rich  hatetoe,  or  proprietors  of  pastoral  fimnsi  are  entirely  igno> 
taut  of  the  number  of  cattle  they  possess.  The  yoang  are  branded 
with  a  mark  peculiar  to  each  herd,  and  some  of  tlio  most  wealthy 
owners  mark  as  many  as  fourteen  thousand  a  year.*  In  the  northern 
plains,  from  the  Orinoco  to  the  lake  of  ^faraycabo,  M.  Depons  reckoned 
that  1,200,000  oxen,  180,000  horsc.-^,  and  00,000  mule?,  wandered  at 
large,  f  In  some  parts  the  valK-y  of  tlie  Mississippi,  esjH'cially  in  the 
country  of  the  Usage  Indians,  wild  horses  are  immensely  numerous. 

The  establi^liineut  of  black  cattle  iu  Amerie-a  dates  from  Culumbus^s 
second  voyage  to  St  Bomingo.  They  there  multiplied  rapidly ;  and 
that  isUnd  presently  became  a  Idad  of  nurBory  from  which  these  ani- 
mals  were  suoceseifely  transported  to  ▼arions  parts  of  the  continental 
coast)  and  from  thence  into  the  interior.  Notwithstanding  these 
numerous  exportations,  in  twcnfy-^even  years  after  the  discoTexy  of  the 
niand,  herds  of  four  thousand  head,  as  we  learn  from  Oviedo,  were  not 
uncommon,  and  there  were  oven  some  that  amounted  to  eight  thousand. 
h\  1587,  the  number  of  hides  exj>or(ed  from  St.  Domingo  alone,  accord- 
ing to  .Veosta's  report,  was  85,444  ;  and  iu  the  same  year  there  wero 
exported  t>4,350  froiu  the  porta  of  2se\v  Spain.  This  was  iu  the  sixty- 
fifth  year  after  the.  taking  of  Mexico,  preriouB  to  which  event  the 
Spaniards^  who  came  into  that  country,  had  not  been  able  to  engage  in 
anything  else  than  war.|  Erery  one  is  aware  that  these  animals  are 
now  established  throughout  the  American  continent  from  Ganada  to 
the  Straits  of  Magellan. 

The  ass  has  thriven  very  generally  iu  the  Xew  World ;  and  we  learn 
from  Ulloa,  that  in  Quito  they  ran  wild,  and  multiplied  in  amazing 
numbers,  so  as  to  become  a  nuisance.   They  grazed  together  in  heidS) 

•  P^rs.  >ii»r.  voL  iv. 

\  Quarterly  Review,  VoL  XxL  p.  tS&  %  lUd. 
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and  when  attacked  defended  tbemseives  with  their  mouths.  If  a  hone 
hAppened  to  stray  into  the  places  where  they  fed,  they  all  fell  upon  hiai| 
and  did  not  ceufte  biting  and  kickino^  till  they  left  him  dead.* 

The  first  hogs  were  carried  to  America  by  ColurnbuR,  and  ostaV'lislied 
in  the  Island  of  St.  Domingo  the  year  loliowing  its  discovery,  in 
November,  1493.  In  succeeding  years  they  were  introduced  into  other 
places  where  the  Spaniards  settled ;  and,  in  the  space  of  half  a  century, 
they  were  fowtd  eitabliahed  in  tl»e  New  Worl<^  (rom  the  latitude  of 
25*  norths  to  the  40th  degree  of  south  latitudOt  Sheep,  also,  and 
goats  have  multiiilied  enormonaly  in  the  New  Worid,  as*  hare  also  the 
osi  and  the  rat;  which  last,  as  before  stated,  has  been  imported  nnin' 
tcntionally  in  ships.  The  dogs  introduced  by  man  which  have  at 
different  periods  become  wild  in  America,  hunted  in  packs,  like  the ' 
wolf  and  the  jackal),  destroying  not  only  hogs^  but  the  calres  and 
foals  of  the  wild  cattle  and  horses. 

Ulloa  in  his  voyage,  and  Buffon  on  the  authority  of  old  write:?,  relate 
a  fact  which  illustrates  very  clearly  the  principle  before  explained,  of 
the  check  which  the  increase  of  one  animal  nece^arily  oti'ers  to  that  of 
another.  The  Spaniards  had  introduced  >^uals  into  the  Island  of  Juan 
Pernandes,  where  they  became  so  prolifio  as  to  furnish  the  piiales  who 
infested  those  seas  with  provinons.  In  order  to  eut  off  this  resoaroe 
from  the  huccaoeexs,  a  number  of  dogs  were  tnrned  loose  into  the  isbad; 
and  so  nnmetous  did  they  become  in  their  turn,  that  they  destroyed  the 
goats  in  eyery  accessible  part,  after  which  the  number  of  the  wild  dogs 
again  decreased,  f 

Inerfasf  of  rein^fJetr  imported  into  Iceland. — As  an  example  of  the 
rapidity  with  which  a  large  tract  may  b»^corae  peopled  by  the  offspring 
of  a  single  pair  o1  quadrupeds,  it  may  be  mentioned  that  in  the  year 
thirteen  rein-deer  were  exported  from  Norway,  only  three  of  which 
reached  Iceland.  These  were  turned  loose  into  tlie  mounUiius  of  GuJd- 
bringe  Syssel,  whom  th^  multiplied  so  greatly,  in  the  course  of  forty 
years,  that  it  was  not  uncommon  to  meet  with  herds,  consisting  of  from 
forty  to  one  hundred,  in  various  districts. 

The  rein-deer,  observes  a  modem  writer,  is  in  Lapland  a  loser  by  lus 
conneodon  with  man,  but  Iceland  will  be  this  creaturei's  patadfoe, 
There  is,  in  the  interior,  a  tract  which  Sir.  G.  Mackenzie  computes  at 
not  less  than  forty  thousand  square  miles,  without  a- single  human  habi- 
tation, and  almost  entirely  unknown  to  the  natives  themselves.  There 
are  no  wolves:  the  Icelanders  will  keep  out  the  bi'ars;  and  the  rein- 
deer, being  almost  uninoletited  by  man,  will  have  no  enemy  whatever, 
unless  it  has  brought  with  it  its  own  tonuruiing  gad-fly.  J 

Besides  the  quadruj>ed8  before  enumerated,  our  domestic  fowls  havo 
also  succeeded  in  the  West  Lidies  and  America,  where  they  have  the 

•  Ulloa's  Voyage.    Wood's  Zoog.  voL  L  p.  9. 

J Buffon,  VOL  v.  a  100.   Ulloa*s  Voyage,  vol  IL  p.  Ofk 
T^vds  hi  lodaod  hi  IBlOy  p^  m 
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common  fowl,  the  goose,  the  duck,  *he  peacock,  the  pigeon,  and  the 
guinea-fowL  Aa  these  were  often  taken  suddenly  frora  the  tompcrftto 
to  very  hot  resrlons,  they  were  not  reared  at  first  w  ithout  much  difficulty  : 
but  after  a  irw  generations,  they  became  familiariited  to  the  climate, 
which,  iu  luuuy  cases,  approached  much  nearer  than  that  of  Europe  to 
the  tcmperatiire  <iS  their  original  native  countries. 

Uie  fiwt  of  flo  many  millibiui  of  wild  and  tame  iodi?idiials  of  our  do 
DMstio  spedee^  almost  all  of  them  the  hugcst  quadrupeds  and  biidsi 
having  been  prq>agaled  throu^oul  the  new  continent  within  the  ahoti 
period  that  haa  ^ijpaed  since  the  discovery  of  America,  while  no  appfe- 
ciablo  improvement  can  have  been  made  in  the  productive  powers  ci 
that  vast  continont,  affonis  ahuiulant  evidence  of  the  extraordinary 
•  chanq^es  which  accompany  the  difiusion  and  progressive  advancement  of 
the  human  race  over  Uie  glol>e.  That  it  should  have  remauiod  for  us  to 
witness  such  mighty  revolutions  is  a  proof,  even  if  there  was  no  other 
evidence,  that  the  entrance  of  man  into  the  planet  i»,  comparatively 
ifiealdng,  of  extremely  modem  date,  and  that  the  effiaeta  of  his  agenej 
aie  only  beginning  to  be  ML 

Population  which  the  giobe  It  eapoMe  ^  atg^parUiiffj-'A  mdderr 
writer  has  estimated,  that  there  are  in  America  upwards  of  four  million 
square  miles  of  useful  soil,  each  capable  of  supportinn;  200  penons ;  and 
nearly  six  million,  each  mile  capable  of  .supportin*(  490  persons  *  If  this 
conjecture  be  true,  it  will  follow,  as  that  author  observes,  tliat  if  the 
natural  n:'sources  of  America  were  fully  developed,  it  would  ationl  sust^^ 
nance  to  five  times  as  great  a  number  of  iuhabitants  as  tlie  entire  mass 
of  human  beings  existing  at  present  upon  the  globe.  The  new  continrat, 
he  thinks,  though  less  than  half  the  siie  of  tiie  old,  oontaina  an  equal 
quantity  of  useful  soil,  and  much  more  than  an  equal  amount  of  produo- 
tife  power.  Be  this  aa  it  may,  we  may  safely  oondude  that  the  amount 
of  human  population  now  esistii^  constitutes  but  a  small  proportion  of 
that  which  the  globe  is  capable  of  supporting,  or  which  it  is  destined  to 
sustain  at  no  distant  period,  by  the  rapid  pronress  of  society,  especiaUy 
in  America,  Australia,  and  certain  ])art8  of  the  old  contineut. 

Power  of  exUnmiiatiny  Kpccics  no  prerofjatlve  of  man. — But  if  we  re- 
flect that  many  millions  of  square  luiles  of  tlie  most  furlilti  land,  occupied 
originally  by  a  boundl^  variety  of  animal  and  vegetable  forms,  have 
beoi  thetdy  lm>ught  under  the  domiiu<m  of  man,  and  compelled,  in  a 
gieat  measure^  to  yield  nourishment  to  him,  and  to  a  lunited  number  of 
plants  and  animab  whidi  he  haa  caused  to  inoieaae,  we  must  at  onoe  be 
c<mvinced,  that  the  annihilation  of  a  multitude  of  species  has  already  been 
effected,  and  will  continue  to  go  on  hereafter,  in  certain  regions,  in  a  still 
more  rapid  ratio,  as  the  coloniea  of  highly  civilized  nations  Spread  them- 
selves over  unoccupie  l  Innds. 

Yet,  if  we  wield  the  sw  ord  of  extermination  as  we  advance,  we  have  no 
reason  to  repine  at  the  havoo  committed,  nor  to  fancy,  with  the  Sootiinh 

*  MAclaren,  art  America,  Eocyc  Brit. 
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poet,  that  "  we  vio!  tl-  th  >  Bociid  union  ttf  nature or  coroplaiii,  vaih.  the 
melancholy  Jac4ju<^  thai  we 

Am  men  vmapmt  iyna/bt,  and  wlnf  •  ipoim^ 
Ho  fiight  the  uiinuU  and  to.kill  them  up 
In  their  aenga'd  snd  natiTe  dweUing-plMei 

We  have  only  to  reflect,  that  in  thus  obtaining  potsseijiion  of  the  earth 
by  conquest,  and  defending  our  ac<^uisitions  by  force,  we  exiirciMi  no  ex- 
clusive prerogative.  Eveiy  species  which  has  spread  itself  from  a  small 
fcani  over  a  wide  area  must,  in  like  manner,  hare  mailed  its  program 
ij  the  diminution  or  the  entire  extirpation  of  seme  other,  and  must 
maintain  its  ground  by  a  suet  ossful  struggle  against  the  encroadimenCs  of 
other  plants  and  animals.  That  minute  parasitic  plant,  called  "  the  rust"  in 
wheat,  has,  like  the  ITessinn  fly,  the  locust,  and  the  aphis,  caused  famines 
er»  n^vv  amongst  the  "lords  of  the  croation."  T]i(^  nin^t  insi/jnificant  and 
diminutive  species,  whether  in  th>.'  aiiiiiial  or  vegetable  king»!oni.  liave 
each  slaughtered  their  thmisand^,  as  thoy  disseminated  themselvt  >  over 
the  globe,  as  well  as  the  liou,  when  firsst  it  spread  itself  over  the  tropical 
regions  of  Africa. 

Chneludinff  rmarkt, — Although  we  have  as  yet  oonsidered  one  (Ham 
only  of  {he  causes  (the  oiganic)  by  which  qiecies  may  become  exteiiiu> 
nated,  yet  it  cannot  but  appear  evident  that  the  eontioued  action  of  these 

alone,  throt^hout  myriads  of  future  ages,  must  work  an  entire  change 
in  the  state  of  the  oi^nic  creation,  not  merely  on  the  continents  and 
islands,  where  fho  power  of  man  is  chiefly  exerted,  Vuit  in  the  great 
woan,  ulirre  his  control  is  almost  unknown.  The  mind  is  prepared  by 
the  contemplation  of  suck  future  revolutions  to  look  fur  the  !?i;:n-  of 
others,  of  an  analogous  nature,  in  the  monuments  of  the  past.  Instead 
of  being  astonished  at  the  proo&  there  manifested  of  endless  mutations 
in  the  animate  world,  they  will  appear  to  one  who  has  thought  prolbund* 
ly  on  the  lluetaations  now  in  progress,  to  afford  evidence  in  fiivor  of  the 
of  tiie  system,  miless,  indeed,  we  are  peduded  from  ipealang 
gf  um^brmitjf  when  we  chnracterae  a  principle  of  endless  variatioiL 
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Powers  of  ditfiision  indispensable,  tbaif  each  species  may  maintAiu  iU  groiud— 
How  changes  in  physical  geography  affect  the  dbtributkm  of  species— Bate 
of  the  change  of  species  due  to  this  cause  cannot  be  vniform — Every  change 
in  the  j)hvf*ioal  geography  of  large  regions  tends  to  the  extinrtion  of  species 
— I-lffodtd  of  a  general  alteration  of  climate  on  the  migratiou  of  species — 
Gradual  re&igeration  would  cause  species  in  the  nortiiem  and  southern 
liMiiiapheres  to  become  dbtinct — ^evatioa  of  tempenitiiro  the  rcTene— 
EfTccts  on  the  condition  of  species  which  must  result  from  inoi^iiio  cluHiges 
inconsistent  with  the  theory  of  transmutation. 

Powers  of  diffusion  indivpemahle^  thai  each  tpeciea  may  maintain  its 
ground,'— ^AYisa  ahown  iQ  the  last  chapter,  bow  oowndenbly  the 
munerieiil  incveaBe  or  the  eztennoii  of  the  geographioel  nnge  of  anj 
one  ipecies  must  deraDge  the  nnmben  and  diatribntioo  of  others^  let  ns 
*  now  direct  our  atteotion  to  the  infinence  which  the  Inoiganic  cauaea 
deaorihed  hi  the  aeoond  book  are  ocnitiniially  eierUng  on  the  habitationa 
of  species. 

So  great  is  the  instability  of  the  earth's  surface,  that  if  nature  were 
not  continually  enj^ijed  in  the  task  of  sowing  seeds  and  coloniziug 
animals,  the  depopulatiun  of  a  certain  portion  of  the  habifai  li^  sea  and  4 
land  would  in  a  tuw  years  be  considerable.  Whenever  a  nvcr  transports 
sediment  into  a  lake  or  sea,  so  as  materially  to  diminish  its  deptfa^  Uie ' 
aquatic  animfja  and  plants  which  delight  in  deep  water  are  expelled : 
the  tracts  however,  ia  not  allowed  to  remain  useless ;  hut  Is  soon  peo|ded 
by  spetnes  which  require  more  light  and  heat,  and  thrive  where  the 
water  is  shallow.  Every  addition  made  to  the  land  Ij  the  encroach- 
mrat  of  the  delta  of  a  river  baiiishos  mnny  subaqueous  species  from 
their  native  alx^Hos ;  but  the  tiew-formcd  plain  is  not  permitted  to  lie 
unoccupied,  >»  iii;  instantly  covered  with  terrestrial  vogetation.  The 
ocean  devours  continuous  lines  of  sea-coasts,  and  preci|iitates  forests  or 
rich  pasture  land  into  the  waves:  but  this  space  is  not  lost  to  the 
animate  creation ;  for  shells  and  sea-weeds  soon  adhere  to  the  new- 
made  cUA^  and  numerous  fish  people  the  dhaaael  which  the  current  baa 
scooped  out  for  itself.  No  sooner  has  a  Tolcanic  island  been  thrown 
up  than  some  lidiena  begin  to  grow  upon  it,  and  it  Is  sometimes  clothed 
with  Tcrdnrc  while  smohe  and  ashea  are  still  occasioBailly  thrown  ftom 
the  crater.  The  cocoa,  paudanu^  aaid  mangrove  take  root  upon  the 
coral  reef  before  it  has  fairly  risen  a^ovc  the  waves.  The  burning 
stream  of  lava  that  descends  from  Etna  rolls  throug'Ii  the  stately  forest, 
and  converts  to  ashes  every  tree  and  herb  which  stands  iu  its  way ;  but 
the  black  strip  of  land  thus  desolated  is  covered  ajrain  in  the  course  of 
time,  with  oak&,  pines,  and  chestnuta,  as  iuj(.uriaut  us  those  which  the 
fiezy  torrent  swept  away. 
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Evory  flood  and  landslip,  every  wave  which  a  hurricane  or  earth* 
|uake  throws  upon  the  shore,  every  shower  of  volcanic  dust  and  ashes 
which  buries  a  country  far  and  wide  to  the  depth  of  many  feet,  every 
advance  of  tho  sand-flood,  every  conversion  of  salt  water  into  fresh 
when  rivers  alter  their  main  channel  of  discharge,  every  permanent 
▼uutioii  in  the  ike  or  M  of  tide*  li|  an  eatony— Uum  tod  eomitlen 
other  causes  displace^  ia  the  ooune  of  a  few  centnriee^  oertaiik  ptacfe 
and  atumalfi  from  stations  whioh  they  previously  ooeupied.  U,  there- 
fisie,  the  Author  of  nature  had  not  heni  prodi^  of  those  numerous 
contrirances,  before  alluded  to,  for  spreading  all  classes  of  organic 
beiogs  over  the  earth — if  be  had  not  ordained  that  the  fluctuations  of 
the  animate  and  inanimate  creation  should  be  in  perfect  harmony  ttith 
each  other,  it  is  evident  that  considerable  ."paces,  now  the  most  habi- 
table on  the  globe,  would  &oon  be  as  devoid  of  life  as  are  the  Alpine 
snows,  or  the  dark  abysses  of  the  ocean,  or  the  moving  sands  of  the 
Sahara. 

Tho  powers,  then,  of  migraliou  and  diffiusion  conferred  on  animals 
and  plants  are  indispensable  to  enable  them  to  maintain  their  ground, 
and  would  be  necessary,  even  though  it  were  never  intended  that  a 
species  should  gradually  extend  its  geographical  ranges  But  a  fiusifity 
of  shifting  their  quarteis  being  ones  giveiii  it  eannot  &il  to  happen  that 
the  inhabitants  of  one  province  should  occasionally  penetrate  into  some 
other;  since  the  strongest  of  those  barriers  which  I  before  described  as 
sepsj'ating  distinct  regions  kre  all  liable  to  bo  tlirown  down,  one  after 
the  other,  durincf  the  vicissitudes  of  tlic  earth's  hurface. 

ffow  chanr;cs  in  physical  Geography  affect  the  distribution  of  species. 
— The  numbers  and  distribution  of  particular  species  a^e  atiected  in 
two  wavs,  by  changes  in  the  physical  jjeograpliy  of  the  earth  : — First, 
these  changes  promote  or  retard  the  migrations  of  species  ;  secondly, 
they  alter  the  physical  conditions  of  the  localities  which  species  inhabit 
If  the  ocean  should  gradually  wear  its  way  through  an  isthrauSi  like 
that  of  Suei»  it  would  open  a  passage  for  the  intennixfture  of  the  aquatic 
tribes  of  two  seas  previously  disjoined,  and  would,  at  the  same  time^ 
dose  a  free  communication  which  the  terrestrial  plants  and  animals  of 
two  continents  .had  before  enjoyed.  These  would  be,  perhaps,  the  most 
import  ;int  consequcnceSi  in  legud  to  the  distributum  of  species,  which 
would  result  from  the  breach  made  by  tho  sea  in  f5uch  a  spot ;  but 
there  would  be  otherH  of  a  distinct  nature,  such  as  the  conversion  of  a 
certain  tract  of  land,  which  formed  the  isthmus,  into  sea.  This  spae<*, 
prcviuusly  occupied  by  terrestrial  plants  and  animals,  would  bo  imme- 
diately delivered  over  to  the  aquatic;  a  local  revolution  which  miijlit 
have  happened  in  innumerable  other  parts  of  the  globe,  without  being 
attended  by  any  alteration  in  the  Uendiog  together  of  specie  of  two 
distinct  provinces. 

iSali  qf  <Aat^  <f  tpecm  anmot  h$  tmifornk — ^Xhia  observation  leads 
me  to  point  out  one  of  the  most  Interesting  oondusiona  to  which  wa 
are  led  by  the  oontara|dation  of  the  vicissitudes  of  the  inanimate  wodd 
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ia  relation  to  those  of  tfie  animate.  It  is  dear  that,  if  the  agen^  ol 
iBorgaiuo  causes  be  uniform,  as  I  have  topposed,  they  must  operate 

very  irrecTuIarly  on  the  state  of  orc^auic  beinp;s,  so  that  the  rate  accord- 
ing to  ^^Itich  ttx  s  >  will  ohamge  in  particular  regions  will  not  be  eqoal  in 
equal  perio<lf»  ot  umo. 

T  am  not  about  to  advocate -the  doctrine  of  general  catastrophes 
recurring  at  certain  intervals,  tk&  in  the  ancient  Oriental  cosmogonies,  nor 
do  I  doubt  that,  if  ooniideiable  periods  of  equal  damtion  could  be 
eompared  one  with  another,  the  rate  of  change  in  the  Bring,  as  well  aa 
in  the  inoigamc  world,  might  be  neatly  unifoim ;  bat  if  we  regard  each 
of  the  eanses  tepamtely,  which  we  know  to  be  at  present  the  meet 
iostrtnoental  in  remodelling  the  state  of  the  8urfaoe,we  shall  find  that  we 
most  expect  each  to  be  in  action  for  thousands  of  years,  without  producing 
anv  extensive  alterations  in  the  habitable  surface,  and  then  to  give  rise, 
during  a  very  lirief  period,  to  impoiunt  revolutions. 

Illustration  derived  from  fttibsidenees. — I  filiall  illustrate  ihir^  principle 
bv  a  few  of  the  most  remarkable  examples  which  present  themselves.  In 
tliti  course  of  tlio  last  century,  as  we  have  seen,  a  considerable  number  of 
instances  are  recorded  of  the  solid  swface^  whetbcfr  corered  hgr  water  or 
not,  having  been  permanently  suok  or  upraised  by  subterranean  move- 
ments. Most  of  Ihese  oonynlsionB  are  only  accompanied  by  temporaiy 
flnctoattons  in  the  state  of  limited  districts,  and  a  continued  repetition 
these  events  for  thousands  of  years  might  not  produce  any  decided  change 
in  the  state  of  many  of  those  great  zoological  or  botanical  prorinoes  of 
which  I  have  sketched  the  boundarie.<?. 

When,  for  example,  larije  parts  of  the  ocean  and  even  of  inland  seas 
are  a  thousand  fathom-  or  upwards  in  depth,  it  is  a  matter  of  no  moment 
to  tlie  animate  creation  that  vast  tracts  should  be  heaved  up  many  fathoms 
at  certain  intervals,  or  should  subside  to  the  same  amount.  Neither  can 
any  material  revolution  be  produced  in  South  America  either  in  die  ter- 
restrial or  the  marine  plants  or  animab  by  a  series  of  sfaookBon  the  coast 
of  Chili,  eacli  of  whicJi,  like  that  of  Penoo,  in  1751,  should  uplift  the 
coast  about  twenty-five  feet.  Nor  if  the  ground  sinks  fifty  feet  at  a  time, 
as  in  the  harbor  <^  Port  Royal,  in  Jamaica,  in  1602,  will  such  alterations 
of  level  work  any  general  fluctuation^  in  the  state  <>f  oiganic  beings 
inhabiting  the  West  Indian  T^l'tTKl",  or  thv  (  'arribean  Sea. 

It  is  only  when  the  subterranean  powers,  by  shifting  gradually  tho 
|toints  where  their  principal  force  is  developed,  happen  to  strike  upon 
some  particular  region  where  a  slight  change  of  level  immediately  ailects 
the  distribution  of  land  and  water,  or  the  state  of  the  dimate,  or  the 
harrfers  between  distinct  groups  of  species  over  extenstre  areas,  that  the 
rate  of  flnctnatton  becomes  accelerated)  and  may,  in  the  comae  of  a  few 
years  or  oentnrieS)  work  mightier  changes  thaH  had  been  experienced  in 
myriads  of  antecedent  years. 

Thus,  for  example^  a  repetitioii  of  subsidences  causing  the  narrow 
isthmus  of  Panama  to  sink  down  a  few  hundred  feet,  would,  in  a  few 
centuries,  bring  about  a  gi^  revoluti<»i  in  the  state  of  the  animate  oea* 
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tion  in  the  westoru  hemisphere.  Thoiwanda  of  aqaatic  flpecies  votild  paai^ 
for  the  first  time,  froTii  Caribbean  Sea  into  the  Pacific ;  and  thousandi 
ofotiiers,  before  })ecuiiar  to  the  Pacific  Ocean,  would  make  their  way 
into  the  Caribbean  Sea,  the  Gulf  of  Mexico,  and  the  Atlantic  A  con 
sidcrable  modification  would  probably  be  occasioned  by  the  same  eveut 
in  the  direction  or  volume  ni  the  Qulf  atfeam,  and  thereby  the  tempera>  4 
ture  of  the  sea  aid  tha  oontignoiis  laoda  uofjtkt  be  altered  as  fiu*  as  tbe 
iofloenee  of  that  onneDt  citoidsi  A  change  of  dknato  might  tbna  be 
pfoduoed  intfae  poetiilhmi  Iloildato8pitabeqgisD|aiid]nnian^ 
of  North  America,  Europe,  and  Greenland.  Not  merdy  the  heat,  bol 
the  quantity  of  laia  which  falla,  would  be  altered  in  certain  districts,  m 
that  many  spedes  would  be  excluded  from  tracts  where  they  l>efore 
flourishwl :  others  would  l>e  reduced  in  nuniWr;  and  some  would  thrive 
more  and  mnliiply.  The  seeds  also  and  the  fruits  of  plants  would  no 
lonijjer  l>e  (iritted  in  precisely  the  same  directions,  nor  the  eggs  of  aquatic 
auiuials ;  neither  would  species  be  auy  loage'r  impeded  ui  their  migrations 
towards  particular  stations  before  shut  out  from  them  by  their  inability 
to  craea  tbo  mighty  cuneiiL 

LetvB  UOn  another  example  fiom  a  part  of  the  globe  which  ia  at 
praeant  lisbk  to  aiiffer  by  earthqnafceiy  namely*  the  low  aandy  tmet  which 
intervenea  between  the  aea  of  Aiof  and  the  Gaapian.  If  there  should 
ooour  a  sinking  down  to  a  trifluig  amonnt^  and  eoich  ravines  ahoold  be 
formed  as  might  be  prodooed  by  a  few  earthquakes,  not  more  consider- 
able than  have  fidlen  witliin  Our  limited  observation  during  the  last  150 
years,  the  waters  of  the  Sea  of  Azof  would  pour  rapidly  into  the  Caspian, 
which,  accordiiig  to  the  measurements  lately  made  by  tho  Academy  of 
St.  Petersburg,  is  84  feet  below  tho  level  of  the  Black  S*^a.*  The  Sos 
of  Azof  would  immediately  borrow  from  the  Black  Sea,  that  sea  ag;an 
^fom  the  Mediterranean,  and  the  Meditenanean  from  the  Atlantic,  so  ihat 
an  in«haiwtSbte  wiwA  would  pour  down  into  the  low  tnols  of  Aain 
bordeiing  the  Cai^ian,  by  whudi  all  the  eandy  salt  steppes  acyaoeiii  to 
that  sen  would  be  inmidated.  An  ana  of  sevvnl  thousand  scpaielefigBea* 
now  bebw  the  IotcI  of  the  MediteRanean,  woold  be  oonveitod  fiom  land 
into  sea. 

JUufkation  derived  from  the  elevatim  of  land. — Let  us  next  imagine 
a  few  cases  of  the  elevation  of  land  of  small  extent  at  certain  critical 
points,  a*^,  f  r  oxaiuple,  in  the  shallowest  jiart  of  the  Straita  of  Gibraltar, 
where  the  decpes<t  soundinsfs  from  the  Afriom  to  the  European  side  eive 
only  220  fathoms.  In  j>rupurUou  as  this  submarine  barrier  of  rovk  wa«» 
upheaved,  ihu  whole  channel  would  1m  coutificted  iu  width  and  depth, 
and  tho  rdiune  of  water  which  the  cmrent  constantly  flowing  from  the 
Atkntio  pouiB  into  jthe  Maditemnean  would  be  lessened.  But  the  km 
of  the  itthuid  #ea  by  evapomticii  would  remain  the  asme;  so  that  being 
no  longer  aUe  to  draw  on  the.  ocean  for  a  supply  auflkient  to  restcve  iln 
aipiiUlwittmi  it  must  sink,  and  leave  diy  a  certampoiAioaof  laml  aiovml 

*  Set  a  sole  Ml  AJs  asl^esl^       s.  p^  Itft* 
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its  borders.  Thn  ciirrenf  which  now  flow**  constantly  out  nf  tli<;  Blnck 
Sea  into  the  Mii<iiterraneau  would  then  ru!*h  in  nioro  rapidlv,  arvl  the 
level  of  tho  >[editorpanean  would  be  thereby  prevented  from  falling  so 
low ;  but  the  level  of  tho  Black  Sen  would,  for  the  same  reason,  sink ;  so 
that  wheti,  by  a  oontiBaed  series  of  elevatory  movements,  the  Straits  of 
Gibraltar  had  beeomo  completely  dosed  op^  we  might  eipeet  bnge  and 
ievei  taadj  atoppes  to  aiim»iid  both  the  Black  Sea  and  MeditemmesD, 
like  tbote  oocumiigp  at  present  on  the  akuti  of  the  Oaflpun  and  the  Lake 
of  Aral.  The  geographical  range  of  hundreds  of  aquatic  species  would  be 
thereby  circomsoribed,  and  that  of  himdreda  of  teneatrial  plasta  and 
animnk  extend*'^!.  ' 

A  line  of  submuriua  volcanos  rro=^in2'  tho  chni]n<  l  of  some  strait,  and 
gradually  chokina^  it  np  witli  jisLl-s  and  iava,  might  produce  a  new  bar- 
rier as  effectimlly 'm  a  series  of  earthquakes;  especially  if  thennal  sj»rings^ 
charged  with  carbonate  of  lime,  silica,  and  other  mineral  ingredients, 
abould  promote  Ihe  rapid  moHlplloation  of  oonla  and  ahdh^  and  cement 
them  together  with  aofid  matter  precipitated  dmingtbe  intervals  between 
eniptiona.  Sn{^»06e  in-  this  manner  a  stoppage  to  be  oansed  of  the  Ba* 
hama  clianui;!  between  the  bank  of  that  name  and  the  ooast  of  Fknda. 
This  insignificant  revolution,  confined  to  a  mere  spot  in  the  bottom  of 
the  ocean,  would,  by  diverting  the  main  current  of  the  Gulf  stream,  give 
rise  to  exfoTmi^e  changes  in  the  climate  and  diatiibutk>a  <^  aoimala  and 
plants  iiih.il liiing  the  northern  bemisphen^. 

Illustration  J'mni  tite  format  ion  oj  new  t9lands.—-X  rep<itition  of  ele- 
vatory  movements  of  earthquakes  might  continue  over  an  area  as  exten- 
sive as  Europe,  for  thousands  of  ages,  at  the  bottom  of  tiie  ocean,  in  (»r- 
tain  regions,  and  prodnce  no  vimble  eHMts;  whereas^  if  they  should  ope- 
nrte  in  some  shallow  partsof  the  Paciflci  amid  the  oonl  archipelagos^ 
they  would  soon  fpve  ^rfh  to  a  new  eonlinent  Hondteds  of  ▼olcank» 
islands  may  be  thrown  np,  and  beeomo  covered  with  vegetation,  without 
causing  more  than  local  fluctuations  in  the  animate  world ;  but  if  a  chain 
like  the  Aleutian  archipelago,  or  t!ie  Knn!<^  T'^l*^'*,  nm  for  a  distance  of 
many  hundred  miles,  so  as  to  form  an  almost  unit)!  rrupted  communica- 
tion between  two  continents,  or  two  distant  islands,  the  migrations  of 
plants,  birds,  inserts,  and  even  of  some  quadrupeds,  may  cause,  iu  a  short 
time,  an  extraordinary  series  of  revolutions  tending  to  augment  the  range 
of  aotaie  animals  and  plants,  and  to  limit  that  of  otheia.  A  new  atefai* 
pelago  might  be  foimed  in  the  MediteRnaaean,  the  Bay  of  Biscay,  and  a 
thousand  other  places,  and  might  prodnee  leasimpoftaut  evenla  than  one 
rodt  which  should  rise  up  between  Anatialia  and  Java,  so  placed  that 
winds  and  eonents  might  canse  tan  inteichange  of  the  plants^  inseets^ 
and  birds. 

From  the  wearivff  through  of  an  isthmm. — Tf  we  turn  from  the  ig- 
neous to  the  aqueous  agents,  wh  find  the  s;mie  tendency  to  nn  irregular 
rate  of  change,  naturally  eoTiix't  ted  with  the  strictest  unitormity  in  the 
energy  of  those  cauise^^.  When  thu  sea,  for  example,  gradually  encroaches 
upon  both  sides  of  a  narrow  isthmus,  as  that     Sleswick,  separating  th< 
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North  F^ea  from  the  Baltic,  where,  as  before  stated,  the  cliffs  on  both  the 
opposite  coasts  aro  wasting  away*,  no  material  alteration  results  for 
thousands  of  yoars,  save  only  that  thiTC  is  a  progressive  conversiou  of  a 
small  strip  of  laud  into  water.  A  fow  feet  only,  or  a  few  yards,  are  an- 
nually remored ;  but  if^  at  jost,  the  partition  sb>uld  be  brol^  down,  and 
the  tid«  ofth«  ooeaaabodd  enter  bj  a  direct  pttMg^  into  the  infaiiiliHi, 
iortead  of  going  hj  a  ebrouitoitt  loute  thioiigii  the  Gattegat> «  body  of 
nit  water  would  sweep  up  as  lir  as  tilio  Qvih  ot  Bodmia  and  Fidaad, 
ike  waten  of  which  are  now  brackish,  or  almost  frtsh ;  and  tins  lovola- 
tion  would  be  attended  by  the  local  aanihilativ  n  of  many  species. 

Similar  conspqufnc*«^  must  havo  rpsnlttd  on  a  small  scale,  when  the 
SCR  opened  its  way  thrnuffh  tlu-  I^tliinus  of  w'^tavoren  in  the  thirteenth 
rpntnrv',  forming  a  union  between  an  inhind  lake  and  the  ocean,  and 
ojx-'Uing,  in  the  course  of  one  century,  a  shallow  strait,  more  than  half  as 
wide  as  the  narrowest  part  of  that  which  divides  England  from  France. 

Changts  in  physical  geography  ifAieA  miufoeeaiibii  cr(Mie<iioii  oftptdm, 
— It  wiUaboKOst  teem  eupetflucue,  after  I  have  thus  tneedtboiopoilaat  * 
modificatioBe  in  the  eonditioii  of  living  beings  whieh  flow  from  cbaagee 
of  tiiMng  ortent,  to  argue  that  entire '  revolutions  might  be  broug^ 
about,  if  the  climate  and  phpical  geography  of  the  whole  globe  were 
greatly  altered.  It  has  been  stated,  that  species  are  in  general  local,  some 
being  conBned  to  extremely  small  spot*?,  and  depending  for  their  existence 
I  n  <  '>nibination  of  causes,  which,  if  they  are  to  be  met  with  elsewhere, 
oceiir  <  nlv  in  ROine  very  remote  region.  Ilenco  it  must  hnpjxin  that, 
v,iwu  the  nature  of  these  localities  is  chjuiged,  the  species  will  perish; 
for  it  will  rarely  happen  that  the  cause  which  alters  the  character 
of  the  dietikt  will  afford  new  fhdlitiee  to  the  epeeiee  to  eeUbfisfa  itself 
dsewhere, 

^4/9Ptc(ni<le«rft^If  we  attribute  the  oiigin  of  agteatpartof  the  desert 
of  AMca  to  the  grsdnal  progress  of  moving  sands  driven  eastward  by  ttie 
westerlv  winds,  we  may  safely  infer  that  a  variety  of  sjx^cies  must  have  been 
annihilated  by  this  cause  alone.  Tlie  sand-flood  has  been  inundating,  from 
time  imii-?Tii'>rird,  sonae  of  th^  rirh  lands  on  the  west  of  the  Nile;  and 
we  hnvp  only  to  multiply  this  eticet  a  sulii  i.  r.t  number  of  times  in  order 
to  understand  how,  in  the  la]>se  of  ages,  a  wholo  group  of  terrestrial  ani- 
mals and  plants  may  become  extinct. 

The  African  desert,  without  iuclttding  Bomoa  and  DstfiNir,  eitendi, 
according  to  the  caleulatioa  of  Humboldt,  orer  194,000  square  leagues; 
an  ai«a  nearly  thiee  times  as  great  as  thai  of.Fhuuoe.  In  a  small  per* 
tion  of  80  vast  a  space,  we  m&y  infer  from  analogy  that  there  were  many 
peculiar  spedes  of  plants  and  animals  which  must  have  been  bantshedby 
the  sand,  and  their  habitations  invaded  by  the  eamd,  and  by  birds  and 
insects  formed  for  the  arid  sands. 

There  is  evidently  nothing  in  the  nature  of  the  cat.i«f  r'>phe  in  favor 
the  escape  of  the  former  inhabitants  to  some  adjoining  province  ^  nothing 

•  B««  ahoM9f  p.  817. 
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to  weaken,  in  the  bordering  lands,  that  powerful  barrier  against  eraig^- 
tion — pre-occupancy.  Nor,  evea  if  the  exclusion  of  a  certain  group  of 
species  from  a  given  tract  were  compensated  by  an  extension  of  their 
range  over  a  new  country,  would  that  circumstance  tend  to  the  conserva- 
tion  of  spedes  in  gaml;  for  the  extupatioa  would  menly  then  he 
tnunfened  to  the  ngioa  lo  ioTaded.  If  it  be  imagined,  for  example,  thtt 
the  ahbiigitial  qtudmpeda^  biida^  and  other  animali  of  Afika,.emigmCed 
in  oouequence  of  the  advanfle  of  diifteand,  and  oolonised  Aiabia,  the 
indigenous  Arabian  tpeci^  must  have  given  way  before  them,  and  have 
been  reduced  in  number  or  destroyed. 

Let  us  next  suppose  that,  in  some  centrnl  or  raoro  elevated  parts  of  the 
great  African  desert,  tlie  upheaving  po\\  er  of  sul>terranean  movements 
riiould  be  exerted  throughout  an  immense  series  of  ages,  accoinpauied,  at 
certain  mtervais,  by  volcanic  eruptions,  such  as  gave  rise  at  ouoe,  in  1755, 
to  a  mountain  1600  ftet  high,  on  the  Mexican  plateau.  When  the  con- 
linved  rqwtitioa  of  these  eventi  had  caoeed  a  mountauHshain,  it  ia 
obvioos  that  a  oomplete  transfbnnation  in  the  elate  of  the  climate  would 
he  broagiit  abont  throaghout  a  vast  area. 

We  may  imagine  the  summits  of  th<  riew  chain  to  rise  so  high  as  to 
be  covered,  like  Mount  Atlas,  for  several  thousand  feet,  with  snow,  during 
a  great  part  of  the  year.  The  melting  of  these  snows,  during  the  great- 
est heat,  would  cause  the  rivers  to  swell  in  the  season  when  the  irrvatest 
drought  now  prevails ;  the  waters,  moreover,  dtirivod  from  tlii^s  source, 
would  always  be  of  lower  temperature  than  the  surrounding  atmosphere, 
and  would  thus  contribute  to  cool  the  climate.  During  tlie  numerous 
earthquakes  and  volcanic  eruptions  supposed  to  aceoinpany  the  gradual 
fiinnation  of  the  chain,  theie  would  be  many  floods  caused  by  the  bmst- 
ing  of  temporaiy  lakei^  and  by  the  melting  of  snows  by  lava.  These 
inundationa  might  deposit  alluvial  matter  and  wide  over  the  original 
sands,  as  the  oountiy  nsumed  varied  shapes,  and  was  modified  again  and 
again  bv  the  moving  power  from  below,  and  the  aqueous  erosion  of  tlic 
fiurface  above.  At  length  the  Sahara  might  bo  fertilizc^^l,  irrigated  l>y  rivers 
and  streandets  intersecting  it  in  every  direction,  and  covered  by  jungle 
and  morasse's ;  so  that  the  animals  and  plants  which  now  people  Northern 
A^ca  would  disappear,  and  the  region  would  gradually  become  fitted 
for  the  xeoeption  of  a  popula^on  of  spedea  peifoctly  dissimilar  in  their  " 
forms,  habits^  and  oiganiiataon. 

There  are  always  some  peculiar  and  charaotoiiBtk  features  in  the  pky- 
sical  geography  of  each  large  division  of  the  globe ;  and  on  these 
peculiaritiea  the  state. animal  and  vegetable  Life  is  d^wndent. 
therefore,  wo  admit  incessant  fluctuations  in  the  physical  geography,  we 
must,  at  the  same  time,  concede  the  sueoos'^ivo  extinction  of  terrestrial 
and  aquatic  species  to  be  part  of  the  eeonomy  of  our  system.  When 
some  great  class  ot  stationg  is  in  excess  in  certain  latitudes,  as,  for  example, 
in  wide  savannahs,  arid  sands,  lofty  mountains,  or  inland  seas,  wo  iind  a 
corresponding  development  of  species  adapted  for  such  drcnmatanoea. 
In  North  America,  wliera  tteie  is  a  chain  of  vpst  inUod  lakes  of  fresh 
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water,  we  tind  an  extruordiuary  abundance  ;in(i  variety  of  aquatic  birds, 
fin^b-water  liiib,  t^jsLaceo,  and  small  amjAuixuus  reptiles,  fitted  for  8uch  9 
climate.  The  greater  part  of  tlies<'  would  ])eri>h  it'  the  lakes  were 
destroyed, — an  eveut  tliat  might  be  brought  about  by  some  of  the  least 
<^  tbofle  importjoit  verolutUniB  «QiitMBplflted  in  geology.  U  mi^ 
happen  tliat  no  freth'-wnter  lakes  cf  oofraponding  magnitode  suglit  t£en 
«nst  oil  the  globe;  or  that,  if  they*  ooeinnd  cbewlMve^  thej  nqpht  ba 
•itttated  in  New  Holland,  Southern  Africa,  Eastern  Asia,  or  aomo 
ao  dbtont  as  to  be  quite  inaccessible  to  the  North  American  species ;  or 
tliey  might  be  situated  within  the  tropics,  in  a  climate  uninhabitable  by 
creatur«\s  fitted  for  a  temperate  zone;  or,  finally,  wo  may  preBumo  that 
they  would  bo  pro-occupied  by  indif^enoua  trilxis. 

A  vivid  de.scription  hjis  been  f^ven  by  Mr.  Darwin  and  Sir  W.  Parish 
af  the  great  Uroughtti  which  have  aomutimes  vi^ted  the  Pampas  of  South 
America,  far  three  or  four  yean  in  aaooeasicui,  daring  which  an  inaiadlUA 
number  of  wild  animaiay  cattle^  iionei^  <ui>d  birds,  have  perished  from 
want  of  feod  and  water.  Savenil  bondndtiMMisandaBinialB  won  drown- 
ed in  the  Parana  alone,  baring  mahed  into  the  river  to  drink,  and  being 
too  much  exhausted  by  liunger  to  escape.*  Such  droughts  are  dften 
attended  in  South  America  and  other  hot  climates  by  wide-spreading 
conflagrations,  caused  by  li/xhtnincr,  which  fires  tlio  dried  (xrtiBs  and  brush- 
wood. Thus  quadrnpi'ds,  birds,  insects,  and  other  creatures,  an.'  di.'stroyed 
by  myriads.  How  many  species,  both  of  the  auimal  and  vegetable  world, 
which  once  flourished  in  the  country  between  the  valley  of  the  Parana 
and  the  Stxaits  Magcllau,  may  not  have  been  annihilated,  since  the  first 
draught  or  first  cooflagratioa  b^tanl  * 

To  pmaoo  thia  tiain  of  reasoning  farther  is  nnnooeasafy ;  thegeokgiBt 
has  only  to  reflect  on  what  has  been  ssid  of  die  habitations  and  stations 
of  oigsnic  beinipi  in  general,  and  to  consider  them  in  lelntion  to  those 
effects  whiA  were  contemplated  in  the  second  book,  as  resulting  from 
the  ipfneous  and  aqueous  causes  now  in  action,  arul  ho  will  immediately 
perceive  that,  amidst  the  vicissitudes  of  the  earth's  surface,  spikes caunot 
be  immortal,  but  must  perish,  cue  after  the  otlier,  like  the  individuals 
which  compose  them.  There  is  no  ])Ossibility  of  ebcapiug  from  thU  con- 
clujiion,  without  resorting  to  tiome  hypothesis  as  violent  as  that  of 
Lamarek,  who  iihaghMd,as  we  hnye  before  seen,  that  species  are  each  ef 
them  endowed  with  indefinite  poweia  of  modifying  tbdr  oiganiaatton,  in 
confoimity  to  the  onUeas  bhangea  cf  circnm^anoes  to  wbick  the^  are 
exposed. 

MJfeett  of  a  gmtral  Mteratum  m  aimofo  on  ikt  JHtiribuiim  of  Sjptcitt, 

Some  of  the  efifeots  which  must  attend  ever^'  general  alteration  of  cli- 
male  are  sufliciently  peculiar  to  claim  a  separate  oonsideratkux  before 
concluding  the  present  chi^pter. 

•  Dftrwiii'd  .Toinmsl,    156b,  id  ed.  pi  199,  Sir  W,  Fkciil^  Boeaos  Ajie^  Aa 

871.  and  151. 
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■  I  have  before  state<l  that,  diiiii^  seasoM  of  exUuunlinaiy  lerari^, 

many  northern  birds,  and  in  some  oouotrios  mnny  quadrupeds,  migni! 
soiithwardR.  If  them  cold  seasons  were  to  b^'C-oinc  frequent,  in  rnn<5P- 
qucnr<*  of  a  qradual  anil  jn«noml  rofrifjprntioii  of  tho  atmosphere,  such 
riiif^ratiuiis  would  be  iiioro  and  inoro  regular,  until,  at  length,  many 
aiiiuiak,  now  confined  to  the  arctic  regions,  would  become  the  tenants 
of  the  temperate  zone;  while  the  inhabitants  of  the  temperate  zone  would 
appioadi  ii6Ht<nr  to  the  equator.  At  tho  aame  thna,  mattj  ipecies  pre- 
viondy  establuhod  on  high  mountaiiii  mnM  begio  to  deaoend,  in  every 
latitude,  towaida  the  middle  legions;  and  thoee  which  w<sre  confined  to 
the  flaida  of  montitains  \vou1d  make  their  wny  into  tho  plaina.  Analo- 
gous changes  would  also  take  jilaw  in  the  vegetable  kingdom. 

If,  on  tlio  contrary,  the  heat  of  th<»  atmosphere  be  on  the  increase,  the 
plants  nnd  nnimnl*  of  low  o-round'*  would  asfond  to  Intdu-r  li'Vf  the 
equatorial  spt  i  i.-s  would  migrate  into  the  temperate  zout^  and  tlioae  of 
the  temperuto  into  the  arctic  circle. 

But  although  some  species  might  thus  be  preserved,  eveiy  great  change 
of  oKimite  ntiHit  be  fiitnl  to  many  which  ean  find  no  place  of  retreat  wlwn 
their  original  habitatioosbeoonie  unfit  for  then.  For  if  the  general  tern- 
pentaie'be  on  the  rise,  then  there  is  no  oooler  regicn  whither  the  pohr 
qpedee  can  take  refbge;  if  it  be  on  the  decline,  then  ^e  animals  and 
plaatB  prerioosly  established  between  the  tropica  hare  no  resource.  Sup- 
pose the  p^enoral  heat  of  tho  atmosphere  to  increase,  m  that  even  tlte 
arctic  refrion  hM-came  too  warm  for  the  nm-^k-ox  and  rein-deer,  it  is  clear 
that  tliev  must  periuh;  so  if  the  torrid  7.<>n<-  ^Itonld  lose  so  much  of  its 
heat,  bv  tlie  ]>rt>i]fre«»!ve  Tefri2;eratiuii  vi  the  eartii's  surface,  as  to  be  an 
unfit  habitation  for  apes,  boas,  bamboos,  and  palms,  these  tribes  of  ani- 
mak  and  plants,  or,  at  kiet^  moet  of  the  Bgedes  now  bdonging  to  them, 
would  become  extinct,  for  there  would  be  no  warmer  ktitodea  for  their 
leoeption. 

It  will  follow,  therefore,  that  as  often  as  the  climatefl  of  the  globe  ate 

passing  from  tho  extreme  of  heat  to  that  of  cold — from  the  summer  to 
the  winter  of  tho  great  year  K  fore  alluded  to* — tlio  mi qratory  movement 
will  be  directed  constantly  from  the  |K>les  t<>wards  the  equator:  and  for 
this  reason  th©  speciw*  iahaV)itin<j  parallel  latitudes,  in  the  northern  and 
southern  hemispheres,  must  kcome  widely  diflTerent.  For  I  aiisume,  on 
grounds  before  explainixl,  that  tlie  original  stock  of  each  species  is  intK^ 
duced  into  one  spot  of  the  earth  only,  and,  consequently,  no  speoiaB  can 
be  at  once  indigODoas  in  tb§  aretie  and  antaretie  ctroAes. 

But  when,  on  the  contraiy,  a  seriea  of  Qhanges  m  the  physical  geograr 
phy  of 'the  globe^  or  any  other  supposed  oanse,  occasions  an  elevation  of 
the  general  temperature^ — ^when  thera  is  a  passage  from  the  winter  to  one 
of  the  vernal  or  summer  seasons  of  the  great  cycle  of  dimate, — then  the 
ordfT  of  t^e  Tiii:^rnton'  movement  is  inverted.  The  different  species  of 
yiitnaU      plants  Uirect  their  course  from  the  equator  towards  the  poles 

*  See  abovc^  chap.  viL  p.  lli» 
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and  the  noriheru  and  southern  }h  inispherea  may  become  pec^pled  to  a 
certain  limited  extent  by  identical  species. 

I  say  limited,  because  we  cannot  speculate  on  the  entire  ir.msiKoiUuu 
of  a  group  of  animals  and  plants  from  tropical  to  polar  iHiitudcs,  or  the 
reverse,  as  a  probable  or  even  possible  event.  We  may  believe  the  mean 
annual  tempeiatim  of  one  aone  to  be  tranafeiaUe  to  anodMC,  but  ve 
know  that  the  juune  ctimate  cannot  be  ao  tranafened.  'Whalefar  be  Ilia 
general  tempentute  the  eurlJi's  itufiMie,  oompantive  eqoabiiily  of  lieit 
will  characterize  the  tropical  regions;  while  great  periodical  variatiom 
win  belong  to  the  temperate,  and  BtUl  more  to  the  polar  latitudes.  Thon, 
and  many  other  peculiarities  connected  with  heat  and  light,  depend  on 
6xof!  astronomical  causes,  such  as  the  motion  of  the  earth  and  its  position 
in  relation  to  the  sun,  and  not  on  those  fluctnaticHis  of  its  sat&oe  which 
may  influence  tlie  c^eneral  temperature. 

Among  many  obstacles  to  such  extensive  transference  of  lialntaiions, 
wc  must  not  forget  the  immense  lapse  of  time  required,  according  to  the 
hypothens  before  inggeeled,  to  bring  about  a  oonaidieiable  change  in 
climate.  During  a  period  ao  Taat)  the  other  caoae  of  entiipaliony  befoie 
enumerated,  would  exert  ao  powetAiI  an  influence  as  to  prevent  all,  save 
a  vmy  few  hardy  apeolea^  horn  paaring  from  eqnatonal  to  polar  ftffom, 
'  or  from  the  troj^  to  the  pole.* 

But  the  power  of  a<MX>mmcKlation  to  new  droumatanoeB  ia  gnat  in 
certain  species,  and  might  enable  many  to  pass  from  one  zone  to  another, 
if  the  mean  annual  heat  of  the  atniospliere  an'l  tlie  ocean  were  jrr^'atly 
altered.  To  the  marine  tribes,  especially,  siirh  ;l  j  ,i<;.im>  would  be  p<>>si- 
ble;  for  they  are  less  implied  in  their  migrati<.>iis  !•>  liarners  of  land, 
than  are  the  terrestrial  by  the  ocean.  Add  to  this,  that  the  temfHiralure 
of  the  ocean  is  mach  more  uniform  than  that  of  the  atmo^here  investing 
the  land;  ao  that  we  may  camly  suppoae  that  moat  of  the  teataeea,  fish, 
and  other  claaww,  might  pass  from  the  equatorial  into  the  tenoperato 
nffsaOt  if  die  mean  tanpentttre  of  thoae  r^pmia  were  tnupoaed,  althoogfa 
a  aecond  expatriation  of  these  species  of  tropical  origin  into  the  arotio  ttid 
antarctic  eirolea  would  probably  be  impossible. 

Let  us  now  connder  more  particularly  the  effect  of  Tidssitudes  of 
climate  in  causing  one  species  to  gLVtt  way  before  the  increaaing  numben 

of  somo  nthfr. 

When  temperature  forms  the  barrier  which  arrests  the  i)rosrre!»s  of  an 
animal  or  plant  in  a  particular  direction,  the  individuals  are  fewer  and 
less  vigorous  as  they  approach  the  extreme  confines  of  the  geographical 
range  of  the  apeoicB.  But  these  atragglers  are  ready  to  multiply  rapidly 
on  the  alighteBt  increaae  or  diminution  of  heat  that  may  be  &vonUe 
to  ihem,  juat  aa  particular  Inaeota  inereaae  daring  a  hot  aommer,  and 
certain  plants  and  animala  gain  ground  after  a  aaiiea  of  congenial 
aeasons. 

Ib  afanoit  ereiy  diatricti  eapedally  if  it  be  moontainouai  there  a 
*  8ae  abovAi  chapa.  vi  viL  aad  vIS 
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variety  of  spocios  the  limits  of  wliose  liftbitations  are  conterminous,  some 
being  urinhl''  to  proceed  farther  -without  enconntcring  too  nmcli  heat, 
others  too  much  cold.  Individuals,  which  are  thus  on  the  U^idcrs  of  tha 
regions  proper  to  their  r^pectivo  species,  are  hko  the  outposts  of  hostile 
Millies,  ready  to  profit  by  every  slight  change  of  circumstances  in  their 
&Tior,  and  to  advanoe  i^on  tiie  ground  ooonpied  by  their  neighbcn 
and  oppomnts. 

Tke^ptonmty  of  dirthict  dimatet  ptodtioed  hy  the  bequalitiea  d  iki 

6arth*8  surface,  biinga  gpwaw  possessing  very  differant  oonadlntions  into 
such  immediate  contact,  that  their  naturalintiona  are  very  speedy  when- 
ever oj)|x)rtunitios  of  advancing  present  themselves.  Many  insects  and 
plants,  for  example,  are  common  to  low  plains  within  the  arctic  circle, 
and  to  lofty  mountains  in  Scotland  and  other  parts  of  Europe.  If  the 
climate,  therefore,  of  the  polar  regions  were  transferred  to  our  own  lati- 
tudes, the  species  iu  quet>tiou  would  immediately  descend  from  the&e  ele- 
vated rtatioiw  to  Cfvemm  the  low  grounds.  Invasioiia  of  this  Mnd,  at- 
tended by  the  eii^alrioii  oC  the  pre-occupanta,  are  abnost  instantaaeoav 
because  the  change  of  tempeiatum  not  only  places  the  one  speoies  in  a 
more  favorable  position,  bat  lendets  the  othen  sickly- and  almost  inea- 
pablo  of  defence. 

These  chaiu/es  inconsistent  with  the  theory  of  transmutation. — Lamarck,. 
wl)**n  «yv  riil;jtin<T  on  the  transmutation  of  species,  supjwxsed  every  modifi- 
call  111  organization  and  instinct  to  be  brought  id  lut  slowly  and  insen- 
sibly ill  an  indefinite  lap  -  t"  ages.  But  he  do.  s  uot  apjx^ar  to  have 
sufficiently  considered  how  much  every  alteration  in  the  physical  condition 
of  die  habitable  sulfide  changes  the  rdadoos  of  a  great  number  of  co- 
esisting  species,  and  that  aome  of  these  woold  be  ready  instantly  to  avail 
themselves  of  the  sUghteat  change  in  tb«f  &vor,  and  to  multiply  to  the 
injuiy  of  others.  Even  if  we  thought  it  posslUe  that  the  palm  or  the 
elqihan^  which  now  flourish  m  equatorial  regions,  oould  ever  leani  to 
bear  the  variable  seasons  of  our  temperate  zone,  or  tlie  rigors  of  an 
arctic  winter,  we  might  with  no  less  confidence  affirm,  that  they  must 
perish  before  they  had  time  to  Income  habituated  to  such  new  circum- 
stimces.  That  they  would  be  displaced  by  otlier  sj>ccies  as  often  as  the 
climate  varied,  may  bo  inferred  from  the  data  before  explained  respect- 
ing the  local  extermination  of  species  produced  by  the  multiplication  of 
others. 

Suppose  the  dimato  of  the  highest  part  of  the  woody  loneof  Etna  to 
be  transferred  to  the  sea-shore  of  the  base  of  the  mountain,  no  botanist 
would  antidpato  that  the  olives  lemon-tree,  and  prickly  pear  (Cactus 
Opuntia)  would  be  able  to  contend  with  the  oak  and  chestnut,  which 
would  begin  forthwith  to  descend  to  a  lower  level;  or  that  these  last 
would  be  able  to  stand  their  ground  ngninst  the  pine,  which  would  also, 
in  the  space  of  a  few  years,  begin  to  occupy  a  lower  position.  Wo  might 
form  some  kind  of  estiaiatd  of  the  time  which  might  bo  required  for  the 
migratioiis  of  th^  plants ;  whereas  we  have  no  data  for  concluding  that 
any  number  of  thoossnds  of  yean  would  be  sofficient  fat  one  step  in  the 
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prot'-niled  nvtnmorpbosis  of  one  ipeoiet  into  anothor,  pon— ing  dktmel 

altributea  and  qualities. 

This  ar^unu  nt  is  applicable  nor  m<  ri^\  to  r//w<;/-  ,  l  ut  to  any  othef 
(>aii8o  of  mutaiioii.  However  slowly  a  luko  may  Ih3  converte^l  into  }» 
tnnrsii,  or  a  marsh  into  a  meadow,  it  is  evident  that  before  the  lacudtriixt 
plants  can  acqnite  the  power  of  living  in  manhesi  or  tlie  nuinh-piaiiif 
of  living  in  a  len  humid  soil,  otherspeeaea,  aboadj  existing  in  iha region, 
and  fitted  for  these  several  stations,  will  intrude  and  keep  possesrion  of 
the  ground.  So^  if  a  tract  of  aslt  water  beeomes  fiesh  by  pimingthroBgh 
evety  intetsnediate  degree  of  brndddinen,  still  the  marine  mollusks  will 
never  be  permitted  to  be  gradually  meCamoiplioeed  into  fluviatile  species; 
because  long  before  any  such  transformation  can  take  place  by  slow  and 
insensible  degrees,  other  tribes,  already  formed  to  dcliirht  in  brackish  or 
fresh  water,  avail  themselves  of  the  change  in  the  fluid,  and  will, 
each  in  their  turn,  monopolize  the  space 

It  is  idle,  therefore,  to  dispute  about  the  abstract  possibiUty  of  the 
conversion  of  one  species  into  another,  when  there  are  known  causes  sc 
mwSk  more  aotive  in  their  nature,  which  mt»t  always  intervene  and  pre- 
vent the  actual  aooomplishment  of  such  convenioDs.  A  fidnt  image  of 
the  certain  doom  of  a  species  less  fitted  to  struggle  with  some  mm  oon- 
•dition  in  a  region  which  it  previously  inhabited,  and  where  it  has  to  cos- 
tend  with  a  more  vigorous  species,  is  presented  by  the  extirpation  o(  sav- 
age tribes  of  men  by  the  advancing  colony  of  some  civilized  nation.  In 
this  case  the  contest  is  merely  between  two  different  races — two  varietiei, 
moreover,  of  a  species  which  exceeds  all  other?  in  its  aptitude  to  accom- 
moflatc  its  habits  to  the  most  extraordinary  varintinTi^  <»f  rirouuistJince^. 
Yet  few  future  events  arc  more  certain  than  the  speedy  «  \t-  rmination  ol 
the  Indians  of  North  Americii  and  the  savages  of  New  Holland  in  the 
course  of  a  few  centuries,  when  these  tribes  will  be  remembered  only  in 
poetiy  or  histoiy. 

Oimelvdinff  remarkt^—'We  often  hear  astonishment  expneMd  at  the 
disappearance  firom  the  earth  in  times  comparatively  modem  of  many 
smaU  as  well  as  large  animsls,  the  remains  of  which  have  be^  found  in 
a  foesil  state,  under  drcumstanoss  implying  that  neither  any  great  geth 

graphical  revolution,  nor  the  exterminating  influence  of  man  has  intc^ 
vened  to  account  for  their  extinction.  But  in  all  such  cases  we  should 
inquire  whether  we  are  f  uffn  iejitl*?  acquainted  with  the  numerous  and 
complic;ite<l  conditions  on  winch  the  perpetuation  of  each  species  depend^ 
to  entitle  us  to  wonder  if  it  should  K'  snddenlv  cut  otT. 

Mr.  Darwin,  when  calliiii,'  attention  to  the  fact  llmt  the  horse,  mega- 
therium, xpegalonyx,  and  many  contemporary  Mammalia,  had  perished 
in  South  America  after  that  continent  had  acquired  its  present  confi- 
guration, and  when,  if  we  may  judge  by  the  Testaoea,  the  climate  very 
nearly  leaembled  the  present,  observes,  **  that  in  the  linng  creation  one 
species  is  often  extremely  rare  in  a  given  region,  while  another  of  the 
same  genus  and  with  dosely  allied  habits  is  exceedingly  common*  A 
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zoologist  familiar  with  such  phenomena,  if  asked  to  explain  then,  inn* 
alij  replies,  that  some  slight  difference  in  climate,  food,  or  the  number 

of  its  enemies,  must  detcrniino  the  relative  strength  of  the  two  species 
in  question,  although  we  may  bo  unable  to  point  out  the  precise  man- 
ner of  the  action  of  the  check.  W'e  are,  therefore,  driven  to  the  con- 
clusion, that  caui^s  generally  quite  inappreciable  by  us  determine  whe- 
ther a  given  species  shall  bo  abundant  or  scanty  in  numbers.  Why, 
then,  should  we  feel  astonishment  if  the  rarity  is  occasionally  carried  a 
tUf  fiotherr*^  eartinotioii  T  * 

■ 


CHAPTER  XLOL 

£XTU(OTI02r  ASD  CUSAUOM  OF  fiP£OIE& 

Theory  of  the  8Ucc«tMiv  6  extmcuou  of  spticies  coiuistent  wiUi  a  limited  gcognk* 
pkical  dbttibntioA'^OpiiuoiM  «f  botaaisU  TMpccting  the  eoitrts  from  wUeh 
plants  have  been  diffused — Whether  there  are'  grounds  for  inferring  that  the 
lo*f>,  from  time  to  time,  of  certain  animals  find  jilnnts,  is  compensated  by  the 
introducuoa  of  new  species f — Whether  any  evidence  of  such  new  crealious 
Muild  btt  «qpett64iritliin  thebiitoriml  era!— Tlie  qneatioii  ivkflthw  the  eiiit* 
ii^  ipeeiet  hMn  been  eroated  in  ■ttccniioo  mnii  be  deddwl  hf  gsokgkMl 

Successive  JSxtiiicUon  of  impedes  consistent  with  their  limited  Qeogra' 

phical  Distribution, 

In  the  preceding  chaptcn  I  bavie*  pointed  out  the  strict  dependeooe 
of  each  species  of  animal  and  plant  on  certain  pbysioal  oooditions  in 
the  staid  of  the.earth*s  surface,  and  on  the  number  and  attributes  of 
other  otganie  beings  inhabiting  the  same  region.  I  bare  also  endea- 
Tored  to  show  that  all  these  conditions  are  in  a  state  of  continual 
fluctuation,  the  igneous  and  aqueous  agents  remodelling,  from  time 
to  time^  the  physical  geography  of  the  globe,  and  the  migrations  of 
species  causing  new  rcla'ions  to  spring  up  successively  br-tween  different 
organic  beings.  I  have  deduced  as  a  corollriry,  tliat  Uic  species  existing 
at  any  particular  period,  must^  in  the  cour.ie  of  ages,  become  extinct 
ono  after  the  other.  ''They  must  die  out,"  to  borrow  an  emphatical 
expression  from  Bufl'on,  "  becauac  Time  fights  ^jainst  them." 

If  the  views  which  I  hare  taken  are  just,  there  wilt  be  no  diflBcidly  in 
explaining  why  the  habitations  of  so  many  species  are  now  restrained 
within  exceedingly^  narrow  limits.  Eveiy  local  re?o1utton,  such  as 
those  contemplated  in  the  preceding  chapter,  tends  to  circumscribe  the 
luttge  of  some  species,  while  it  enlarges  that  of  others;  and  if  we  are 

•  Jonrn.  of  Nat  Hist  Ac  2d  «di^  1845,  p.  176;  also  LyeU'a  ad  Visit  to  U»« 
United  States,  voL  i.  p.  861. 
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led  to  infer  that  new  species  originate  in  one  spot  only,  each  ronst 
wquiro  time  to  diffuse  itself  over  a  wide  area.  It  will  follow,  there- 
fore, from  tlio  ri'loption  of  this  hypothesis,  that  the  rewnt  origin  of 
some  species,  and  tlie  high  antiquity  of  otlicrs,  are  e<]ually  comistent 
with  the  general  fact  of  their  limited  distribution;  fioine  Ivitig  local, 
because  they  have  not  existed  long  enough  to  admit  of  their  wide 
dissemination ;  others^  because  circumstances  in  the  animate  or  inani- 
mate  world  have  occurred  to  reetriot  the  imnge  which  they  may  once 
here  obtained.  As  a  general  rale,  however,  species,  common  to  many 
distant  provinces,  or  those  now  found  to  inhabit  very  distant  parts 
the  globe^  are  to  he  regarded  as  the  most  ancient  Nnmerieally  speak- 
ing, they  may  not  perhaps  be  largely  represented,  but  their  wide  diflh- 
sloti  shows  that  they  have'  had  a  long  time  to  spread  themselres,  and 
have  been  able  to  survive  many  important  rerolutioos  in  physical 
geo^rapiiy. 

After  &o  much  evidence  has  been  brought  to  light  by  the  geologist, 
of  land  and  sea  having  changed  places  in  various  regions  since  the 
existing  species  were  in  beicg,  we  can  feel  no  surprise  that  the  zoologist 
and  botanist  have  hitherto  found  it  difficult  to  refer  the  geographical 
distribtition  of  species  to  any  dear  and  detennhmte  principles,  smee 
they  have  usually  speculated  on  the  phenomena,  upon  the  aammption 
that  the  phyaical  geography  of  the  globe  had  undergone  no  nuAeiial 
alteration  nnco  the  introduction  of  the  species  now  living.  So  long  as 
this  assumption  was  inade,  the  facts  relating  to  the  geography  of  phints 
and  animals  appeared  capricious  in  the  extreme,  and  by  many  the  sub- 
ject was  pronounced  to  b*-  full  of  mystery  and  anomalies,  that  the 
establishment  of  a  satisf'rv  tci y  theorv  was  hopclf?s.* 

Centres  from  which  ]}lan(s  Jiave.been  diffus'^^. — Somvi  l>oianists  ix>u- 
wived,  ir  accordance  with  the  hypothesis  of  "W  lid.Miow,  tliat  mountains 
were  the  centres  of  creation  from  which  tlic  j.latits  now  iulialiting  large 
continents  have  radiated ;  to  which  Dm  Candolie  uud  others,  with  much 
reason,  objected,  that  mountains,  on  the  oontrsry,  are  often  the  banieis 
between  two  provinces  of  distinct  vegetation.  The  geologist  who  is 
acquainted  with  the  extensive  modifications  which  the  nirfiioe  of  ^ 

*  This  and  the  preceding  chapter^  on  tba  causes  of  extinction  of  species  and 
their  preseiit  geographical  distriiMUion,  are  reprintc<!  nirnost  verbatim  fvom  the 
original  cdhion  of  the  second  volume  of  "Tlie  Principles  '  published  in  January, 
1832.  It  was  I  believe  the  ti  t^t  attan|rt  to  point  out  how  k>rracr  changes  in  the 
geography  and  local  climate  of  manv  parts  of  tho  lu'lol.e  mu<»t  \>-  tak  -i  hito 
aeoonnt  when  we  endeavor  explain  the  actual  pruvinces  of  j>ljirits  and  aui- 
mals,  the  changes  alluded  to  having  been  proved  by  geological  evidence  to  be 
snbeeaaent  to  the  creation  of  a  great  proportion  of  the  spvoits  now  living,  and 
these  having  been,  according  to  the  view  which  I  advocated,  introduced  in  succea- 
«ion,  and  not  all  at  one  geological  epoch.  In  my  third  voluino,  published  in 
ULav,  1833, 1  announced  ray  conviction  that  llu!  eater  part  of  tlio  e\i--tjnir  Fauna 
and  Flora  of  ijicily  were  older  than  the  mouiuuiaa,  plains,  and  river*,  which  the 
same  species  of  animals  and  plants  now  inhabit  (Prin.  of  Geol,  vol.  tiL  di.  ix. ; 
repeated  in  Elemento  of  GeoL,  2d  edit,  vol.  L  p.  297.)  Tliis  li  ne  of  rca>'>r!'n'j 
has  iinee  been  ably  followed  up  and  elucidated  by  Professor  E.  Forbe*  m  at 
eMelI<iitpaper(pQblidiodinl846)sbnadyaUudedto.  (9eepage8«») 
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earth  has  under^ne  in  very  recent  geological  epochs,  may  be  able,  per- 
haps, to  reconcile  both  these  theories  io  their  apphcation  to  different 
regions, 

A  lofty  range  of  mountains,  which  is  so  ancient  ns  to  date  from  a 
period  when  the  species  of  animals  and  pUuits  differed  from  tho^o  now 
living,  vill  lutoraUy  foim  a  bairier  between  contiguous  piovmoes;  Imt  a 
chain  which  has  been  xaifled,  in  great  part,  within  the  epoch  of  exiating 
Bpeciei,  and  aroond  which  neiw  lands  havB  arisen  fimn  the  sea  within 
that  period,  wiU  be  a  centre  of  pecnliar  vegetation. 

*In  France,"  observes  De  CandoUe,  "the  Alps  and  Cevennes  prevent 
R  great  nunibor  of  the  plants  of  the  south  from  spreading  themselves  to 
the  northward  ;  but  it  has  been  remarked  that  some  Bpecies  have  made 
their  way  throu£:;h  the  [jorjTes  of  tla-sc  chains,  and  are  found  on  their 
northern  sides,  principally  in  those  phicas  where  they  are  lower  and  more 
interrupted."*  Now  the  chains  hero  alluded  to  have  probably  been  of 
CGOsiderable  hei^t  ever  since  the  era  when  the  existing  vegetation  began 
to  appear,  and  were  it  not  for  the  deep  fissures  which  divide  them,  they 
might  have  caosed  much  more  abrupt  terminations  to  the  extension 
distinct  assemblages  of  Bpecies. 

Parts  of  the  Italian  peninsola,  on  the  other  hand,  have  gained  a  con- 
siderable portion  of  their  pre^nt  hdght  since  a  majority  of  the  marina 
species  nr>w  inhabitincf  the  ^^edite^rancan,  and  probably,  also,  since  the 
terrestrial  plants  of  the  same  region  were  in  bein^.  J.')r<-n>  tracts  of  land 
have  been  added,  both  on  the  Adriatic  and  Mediterranean  side,  to  what 
oiigiTinllv  cx>nstituted  a  much  nariuwer  rancjeof  mountains,  if  not  a  chain 
of  islands  running  nearly  north  and  south,  like  Corsica  and  Sardinia.  It 
may  therefore  be  proiunied  that  the  Apennines  have  been  a  centre  whence 
spedes  have  diffitsed  themselves  over  the  contiguous  lower  and  newer 
legions.  In  Ais  and  all  analogous  situstiooa,  the  doctrine  of  Wildenow, 
that  species  have  radiated  from  the  mountains  as  ftom  centns,  may  be 
well  fonndbd. 

IntrodvcHon  cf  New  Spteiet, 

If  the  reador  should  mk-r,  from  the  facts  laid  In  fore  liiin  in  the  pre- 
ceding chapters,  that  the  suecossive  extinction  tit  animals  and  plants  may 
be  part  of  the  constant  and  regular  course  of  nature,  ho  will  naturally 
inquire  whether  there  are  any  means  provided  for  the  repair  of  these 
losses !  Is  it  part  of  the  economy  of  our  system  that  the  habitable  globe 
*  shdild,  to  a  certain  extent,  become  depopulated  both  in  the  ocean  and 
on  the  land ;  or  that  the  variety  of  species  shoiuld  diminish  until  some 
new  era  arrives  when  a  new  and  extraordinary  effort  of  creative  energy 
is  to  be  displayed  f  Or  is  it  possible  that  new  specie  can  bo  called  into 
being  from  time  to  time,  and  yet  that  so  astoni^ng  a  phenomenon  can 
eacape  the  observation  of  naturalists  2 

•  j^ioMi  ElimeDtftire,  &c  p.  4d. 
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Humbohlt  baa  charnf^t'^rized  fhc«e  «;nbjpcts  as  amonir  tlie  Kir-^ti  rir^ 
which  natural  science  carmoL  reach  ;  and  lie  obsen'es  that  the  iuvesliga- 
tion  of  the  orij^n  of  beings  does  not  belong  to  zoological  or  botanical 
geography.  To  geology,  however,  these  topics  do  strictly  appcrtaia ;  and 
this  science  is  chiefly  interested  in  InquirieB  into  the  state  <^  the  animate 
erartkii « it  now  ipitli  a  Tiev  of  pointing  oiit  Ito 
oed«nt  periods  when  ifa  oondition  was  difibrent 

Befive  oflEering  any  hypotbesis  towaids  the  adatioii  of  so  diflSealt  a 
proUemi  let  ns  consider  wliat  kind  of  evidenoe  we  ought  to  expect,  in 
I3w  present  state  of  toienoe^  of  the  fint  appeaiance  of  new^  animab  or 
plants,  if  we  could  imagine  the  successive  creation  of  species  to  constitute^ 
like  their  trrndual  extinction,  a  regular  part  of  the  economy  of  nature. 

In  the  hrst  place  it  is  obviou««ly  more  easy  to  prove  that  a  species, 
onc«  numerously  represented  in  a  given  district,  has  ceased  U>  he,  than 
that  some  other  Avhich  did  not  pre-exist  has  made  its  appearance — 
assuming  always,  for  reasons  before  stated,  that  single  stocks  only  of  each 
animal  and  plant  are  originally  created,  and  that  indinduab  of  new 
species  do  not  enddenly  start  up  in  many  difioeut  places  at  oaoe.  ' 

So  imperfect  has  the  science  of  natnial  histoiy  remained  down  to  oar 
own  timely  that,  within  the  memoiy  of  penons  now  livings  the  nmnhen 
of  known  animals  and  plants  hare  been  doubled,  or  even  quadrupled,  in 
many  classes.  New  and  often  conspicuous  species  are  annually  discover- 
ed in  parts  of  the  old  continent,  long  inhabited  by  the  most  civilized 
nations.  Conscious,  therefore,  of  the  limited  extent  of  our  information, 
we  always  infer,  when  such  discoveries  are  made,  tliat  the  beings  in 
question  had  previously  eluded  our  research  ;  or  had  at  least  existed  else 
where,  an<i  only  migrated  at  a  recent  period  into  the  territori<'s  A\lu-re  we 
now  hud  them.  It  is  difficulty  eveu  in  contemplation,  to  anticipate  the 
time  when  we  shall  be  entitled  to  make  any  other  hypothesis  in  regard 
to  all  the  marine  tribes,  and  to  by  &r  the  greater  number  of  the  tmm- 
trial such  as  birda^  which  possess  such  unlunited  powers  of  migiation ; 
inaeda,  which,  beudes  the  variability  of  each  spedes  in  number,  ara  also 
so  capable  of  being  difiuaed  to  vast  diatancea ;  and  ctyptogamoua  planta, 
to  which,  as  to  many  other  claaaes,  both  of  the  ammal  and  w^etaUe 
kingdom,  similar  observations  are  applicable. 

What  hindcf  evidence  of  new  creations  could  be  erperfed? — What  kind 
of  proofs,  therefore,  cotild  we  ron-sooably  expect  to  find  of  the  origin  at  a 
particular  period  of  a  new  species? 

Perhaps  it  may  be  sai<]  in  reply  that,  within  the  last  two  or  tlir.^;  cxa- 
turies,  some  forest  tree  or  new  <|uadruped  might  have  been  oWrved  to 
appaar  anddenly  in  thoae  parte  of  Belaud  or  France  which  had  been 
most  thoroughly  investigated ; — that  natundists  might  have  been  able  to 
ahow  that  no  such  living  being  inhabited  any  other  region  of  the  gMw^ 
and  tiiat  there  was  no  tradition  of  anything  ahnilar  having  befine  been 
ol^rved  in  the  district  where  it  had  made  its  appearance. 

Now,  although  this  objection  may  seem  plausible,  yet  ita  fovoe  will  be 
^nnd  to  depend  entirely  on  the  rate  of  fluctuation  wl^  we  auppoae  to 
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pmvttl  in  the  animate  world,  and  on  the  proportion  which  such  conspicu- 
ous subji.'cts  of  tlic  animal  ami  voi^otiiWt'  kiiin^doms  hoar  to  those  which 
ure  less  known  and  escape  our  observation-  There  are,  j)erha])'5,  more  than 
a  million  species  of  plants  and  animals,  exclusive  of  the  microscopic  and 
infusofA'  animalcules,  now  inhabitinsf  the  terraqueous  globe.  The  terre-s- 
triul  plants  may  amount,  sajs  Dq  Candolle,  to  somewhere  between  1 10,000 
and  120,000;*  but  the  data  on  which  this  conjecture  is  fininded  are  con- 
sidered by  many  botanisti  to  be  vagne  and  nasatisfiujtory.  8prengel  only 
emtmcniled,  in  1827,  about  81,000  known  phenogamoua,-  and  6000 
dyptogamoiis  phiute;  bnt  that  natnialist  omitted  many,  perhaps  7000 
phrenog^amous,  and  1000  ciyptognmous  species.  Mr.  Lindh  v,  in  a  letter 
to  the  author  in  1836,  expressed  his  opinion  that  it  would  be  rash  to 
speculate  on  the  existence  of  more  than  80,000  phrr'noGramous,  and  10,000 
cryptogamous  plants.  "Tf  wc  take,"  he  sa>*s,  in  a  I'  tt^  r  to  the  author  on 
this  subject,  "  37,000  as  tlie  numlx-r  of  puMinht  d  |  1  m  >;xamous  species, 
and  then  add,  for  the  undiscovered  specicis  in  Asia  aud  New  Holland, 
15,000,  in  Africa  10,000,  and  in  America  18,000,  wo  have  80,000  spe- 
cies; uid  if  7000  be  the  number  of  pabliabcd  cryptogamous  plants,  and 
we  allow  8000  for  the  undiiooTered  species  (making  10,000),  there  would 
then  be,  on  the  whole,  90,000  species.**  But  since  that  period  one  cata- 
logne,  as  I  learn  from  Dr.  J.  Hooker,  contains  a  list  of  tlic  names  of  78,000 
pltonogamous  plants  which  had  been  published  before  1841. 

It  wjis  suppos.'d  by  Linnaeus  that  there  were  four  or  five  spci*»s  of 
insects  in  tlie  world  t'or  eaeii  phnenopimous  plant:  but  if  wemay  jud^T"^  from 
the  relative  proportion  of  the  two  cias-ses  in  Great  Britain,  the  luiiiiU  r  ol 
insects  must  be  still  greater;  for  the  total  number  of  British  insects, 
"acoordincr  to  the  last  census,"  is  about  1 2,500  ;f  whereas  there  are  only 
1500  phiciioguiuou^  plants  indigenous  to  our  Island.  As  the  insects  are 
mnoh  more  numerous  in  hot  countriei  than  in  our  temperate  latitade^  it 
seems  difficult  to  avoid  the  concbsion  that  there  are  more  than  half  a 
million  species  in  the  world. 

The  number  of  known  mammifera,  when  Tcmminck  wrote,  exceeded 
800,  and  Mr.  Waterhousc  informs  me  that  mom  llem  1200  are  now 
(1850)  ascertained  to  exist,  I5aron  Cuvier  estimated  the  amount  of  known 
fishes  at  GOOO;  aud  Mr.  G.  Gray,  in  his  "Genera  of  Bird*^,"  enumerates 
8000  species.  We  have  still  to  add  the  reptiles,  and  all  the  invcrtebratod 
animals,  exclusive  of  insects.  It  remains,  in  a  great  degree,  mere  matter 
of  conjecture  what  propottion  the  aquatic  tribes  may  hrar  to  the  deniiens 
of  the  hmd;  but  thtf  habitable  suiAoe  beneath  the  wateis  can  hardly  be 
estimated  at  less  th§n  double  that  of  the  continents  and  islands,  eren 
admittinir  tliat  a  very  considerable  area  is  d^tute  of  life,  in  consequence 
of  great  depth,  cold,  darkness,  and  other  circumstances.  In  the  late  polar 
expedition  it  was  found  that,  in  some  region**,  as  in  l^attin's  l^.iv,  there 
were  marine  animals  inhabiting  the  boft'»ni  it  threat  depths,  where  the 
temperature  of  the  water  was  below  the  ireeziug  point.   That  there  ii 

•  Geog.  dcs  Plantes.    Diet  de«  Sci. 

f  8e«  GfttalogiM  of  Brit  Insects,  by  John  Cwtii^  fii^ 

46 


uiyiii^od  by  Google 


706  ftPECCLATIOira  ON  TBB  [C&  XUB 

life  at  much  gzeater  ptofniidities  in  wanner  regions  may  be  oonfidemtly 

inferred. 

The  ocean  twins  with  life — the  class  of  Pohjps  alony  are  conjectured 
by  Lamarck  to  be  as  strong  in  individimls  as  insects.  Every  tropical  reef 
is  detscribod  as  covorotl  with  Corals  and  Sponges,  and  swarming  with 
Crustact'a,  Echini,  and  Testaoea ;  while  ahncst  every  tide-washed  rock  m 
the  world  is  carpeted  with  Fuoi,  and  supports  some  CoraUinea,  Acthua^ 
and  Mblliiaca.  There  are  innumeiaUe  forms  in  the  seas  of  the  wamicr 
foneS)  which  have  seaioely  begun  to  attract  the  attentknoC  the  natun&t; 
and  theie  aie  paiasitio  animals  without  number^  three  or  four  of  which 
are  somcUm^  appropriated  to  one  genus,  as  to  the  whale  {BaUKru^  far 
example.  Even  tiiough  we  concede,  therefore,  that  the  geographical  rangQ 
of  marine  species  is  more  extensive  in  general  than  that  of  the  ttrre«trial  (the 
temperature  of  the  pca  boint;  in  r-^  imifurin,  and  the  land  impeding  less 
the  niigrationf?  of  the  oc«-anic  than  the  oc«'an  those  of  the  terrestrial  ^po- 
ci<'s),  y*t  it  sec  ins  jnobablo  that  the  aquatic  tribes  far  exceed  in  number 
the  inhabitants  ut*  the  hind. 

Without  insisting  on  this  pointy  it  may  be  safe  to  assume,  that,  exda- 
dve  of  xnicroscopic  bemgs^  there  are  between  one  and  two  milfoiiB  of 
ipedes  now  inhabiting  the  tenaqueous  globe ;  so  that  if  only  one  of  these 
were  to  beoome  extinct  annually,  and  one  new  (Hie  wore  to  be  eveiy  year 
called  into  being,  much  more  than  a  million  of  yean  might  be  reqdied 
to  bring  about  a  complete  revolution  in  oiganic  life. 

I  am  not  hazarding  at  present  any  liypothesis  as  to  the  probable  rate 
of  chancfe  ;  but  none  will  d<-ny  that  when  ihoautiHal  biilh  and  tlie  annual 
death  of  oik-  spccifs  on  the  rjloU'  is  proposed  as  a  mere  ppecMihition,  this 
at  least  is  t<»  imagine  no  slight  degree  of  instabihty  in  the  animate  crea- 
tion. If  \v»'  divide  the  surface  of  the  «'arth  into  twenty  r.-irions  of  equal 
area,  one  of  these  niiglit  comprehend  a  >]»ace  of  land  and  water  aboot 
equal  in  dimwiwoins  to  Europe^  and  might  contain  a  twentieth  part  of  the 
million  of  species  which  may  be  assumed  to  exist  in  the  animal  Idngdom* 
In  this  legion  one  species  only  would,  according  to  the  rate  of  mortality 
before  mrniimftd,  perish  in  twenty  years,  or  only  five  out  of  fifty  thousand 
in  the  course  of  a  century.  But  as  a  considerable  proportion  dt  the  whole 
would  belong  to  the  aquatic  classes,  with  which  we  have  a  veiy  imperiect 
acquaintance},  wo  must  exclude  them  from  our  consideration;  and  if  they 
constitute  half  of  the  entire  number,  tlien  one  species  onlv  miirht  bo  lost 
in  forty  years  among  the  terr.".fnrd  fribr«.  Now  the  Mammalia,  wh.  ther 
te  rrestrial  or  aquatic,  l>ear  s..>  small  a  |<ioportion  to  other  clas-M-s  of  ani- 
niali«,  funning  less,  perha{»s,  than  one  thonsandth  pjirt  of  the  whole,  that 
if  the  longevity  of  sp^xjies  in  the  different  orders  were  equal,  u  vast  period 
must  dapse  before  it  would  come  to  the  turn  of  this  conspicuous  class  to 
lose  one  of  their  number.  1£  one  species  only  of  Uie  whde  animal  king- 
dom died  out  in  forty  years,  no  more  than  one  PMwnmifer  might  disq>pesr 
in  40,000  years  in  a  region  of  the  dimensions  of  Europe. 

It  is  easy,  tl^refore,  to  sec,  that  in  a  small  portion  of  such  an  area, 
in  countries,  for  example^  <^  the  size  of  £ngland  and  France^  periods  of 
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much  grt  ilrr  dii ration  must  elapse  Ix'fore  it  would  l>e  p'">ssibJe  to  authen- 
ticate the  tirst  appearance  of  one  of  the  larger  plaiiiji  and  anitnal^i,  assum- 
ing the  annual  birth  and  death  of  one  s{>ecies  to  bo  the  rate  of  vicissi- 
tude iu  the  auunate  creation  throughout  the  world. 

The  obeenratioiis  of  natuialirti  upon  living  species  may,  in  the  cooise 
ol  fiiture  cemtiUMB,  aoeumulate  poativa  dat%  from  whidi  an  insight  into 
dM  Usw»  which  gavem  this  part  of  our  teirertrial  vjatomrnvj  he  derived; 
hoty  in  the  pieseut  deficiency  of  luatorical  leooidBywe  have  traced  np  the 
subject  to  that  point  where  geological  monuments  alone  are  capable  of 
leading  us  on  to  the  diaeoveij  of  ulterior  truths.  To  these,  therefore,  ^e 
•  must  appeal,  carefully  examining  the  strata  of  recent  formation  wherein 
the  remains  of  living  species,  both  animal  and  vegetable,  are  known  tc 
occur.  Wo  must  study  these  strata  iti  st  rii  r  reference  to  their  chronologi- 
cal or  ler,  as  deduced  from  tin  ir  >uperposition,  and  other  relations.  From 
these  sources  we  may  learn  ■ivluch  of  the  species,  now  our  contemporaries, 
have  survived  the  greatest  revolutions  of  the  earth's  surface ;  which  of 
them  have  co-existed  with  the  greatest  number  of  animals  and  plants 
now  extinct ;  and  whidi  have  made  their  appearance  only  when  the  ani- 
male  woddhad  near^  attained  ito  present  coiidition» 

Rom  such  data  we  mij  he  enabled  to  infer,  wheiiher  spedee  hare  heen 
called  into  existence  in  succession,  or  all  at  one  period ;  whethw  singly, 
or  by  groups  simultaneously;  whether  the  antiquity  of  man  he  as  high 
as  that  of  any  of  the  inferior  beings  which  now  shave  the  planet 
with  him,  or  whetlier  the  human  spedea  is  one  of  the  most  recent  of  the 
whole. 

To  m\x\Q  of  these  questions  we  cnw  even  now  return  u  satisfactory' 
answer  ;  and  with  regard  to  tlie  rest,  we  have  some  data  to  guide  conjec- 
ture, and  to  enable  us  to  speculate  with  advantage :  but  in  order  to  be 
fully  qualified  to  enter  upon  such  discussions  the  reader  must  study  the 
ample  body  of  matttiak  amassed  by  the  indusliy  of  modem  geologista. 
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CHAPTER  2017. 
■men  PBOBvotD  bt  tbb  rowms  of  ybauxt  ok  tbm  erAn 

OF  THE  EABTH^B  8UBFA0S. 

Uodificatlons  in  i>hyslcal  pcography  cnnsed  by  organic  beings — Why  tlie  vege-  • 
table  soil  doea  not  augment  in  Ihiokiiess — The  theory,  that  veg^Utiou  is  an 
autagouut  power  conntertwlaDcing  the  degradation  caused  by  rimniog  vat«r 
imMuible—OonaarMlivtt  inflneBM  of  TegetAtiaii-<-B«ia  dimiiddMd  bj  fdling 
of  fbretts — Distribution  of  Amcrionn  forests  dependent  on  direction  of  pre- 
dorninant  windi  Inflnmm  of  maa  in  modifjjriRg  tha  plijiical  gcoipm|ihy  of 
the  globe. 

The  secoud  branch  of  our  inquiry,  r^pecting  cbanges  of  the  or^aDic 
world,  relates  to  the  processes  by  which  the  remains  of  auimak  and 
plants  becomo  f^sil,  or,  to  itiU  mora  genondly,  to  all  tiie  effects 
piodiioed  hy  the  powen  of  Fitafity  on  the  nufiuse  and  sheU  of  the 
eaitlu 

Befoie  entering  on  the  ptinelpel  dividonoftiiisanhjeetithfi  imbeddii^ 
and  prwemition  of  animal  and  vegetable  remains,  I  shall  oflbr  a  finr 
marks  on  the  anperficial  modifications  caused  directly  bj  the  agencj  of 
Ofgaoic  beings,  as  when  thegiowth  of  oeitain  plants  coreia  the  ■tops  of 

a  mo!intain  with  peat,  or  converts  a  swamp  into  dry  land  ;  or  when  vege- 
tation prevents  the  s<h1,  in  certain  locaUtie8»  froja  being  washed  awvfr  by 

running  water. 

In  considering  alterations  of  this  kind,  brouglit  aViolit  in  the  physical 
geogTaj)hy  of  particular  tracts,  wo  are  too  apt  to  iliiuk  exclusively  of  that 
part  of  the  earth's  surface  which  lias  emerged  from  beneath  the  waters, 
and  with  which  alone,  as  temsttial  beings,  we  are  fiuniliar.  the 
direct  power  of  ammab  and  plants  to  Ganee  any  important  variation  it, 
of  iieoeflBity,  very  limited,  except  in  checking  the  progress  of  that  decay 
of  which  die  landia  thechicf  theatre.  But  if  we  extend onr  viewii  and 
instead  of  contem{^ting  the  dxy  land,  oonaider  that  laiger  pMtion  which 
is  assigned  to  the  aquatic  tribes,  we  discoFer  the  great  influence  of  the 
living  creation,  in  imparting  varieties  of  conformation  to  the  solid  exterior 
which  the  agenrv  of  inanimate  causes  alone  couM  riot  produce. 

Thus,  when  timber  is  floated  into  the  soa.  It  i-^  often  drifted  to  vaM 
distances,  and  subsides  iu  spots  where  there  miLrht  have  l»een  no  d»'|x»sit. 
at  that  time  and  place,  if  the  earth  liad  not  l>een  tenanted  by  living 
beings.  If,  therefore,  in  the  course  of  ages,  a  hill  of  wood,  or  lignite, 
be  thus  formed  in  the  subaqueous  regions,  a  change  iu  the  submArin^ 
geography  may  be  said  to  have  resulted  frcm  the  action  of  oigamc  pow- 
en. Soinregudtothegrowthofconlree6;  it  is  probable  that  a  h^ 
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portion  of  tlie  matter  of  which  tbey  an  composed  is  supplied  by  mineral 
^rings,  which  often  rise  up  at  the  bottom  of  the  seSi  and  which,  on  land, 
/iW'iind  throuixhout  volcanic  regions  hundreds  of  leagues  in  extent.  The 
III  i'ti  r  thus  constantly  givt-n  out  coulJ  not  go  on  accumulating  for  ever 
in  the  wators,  but  woukl  he  jireeipitated  in  the  nbvsses  of  the  f^n,  even 
if  there  were  no  {x>ly|>s  and  testaica  ;  l>ut  tln  s^^  animal?*  arre*t  and  secrete 
the  carbonate  of  liiuo  on  the  sunuuitb  of  submarinu  mountaiuzii,  and  fonn 
iee6  many  handved  &et  In  Huckness,  and  liuDdreds  milea*  in  length, 
whersi  bnt  for  them,  none  might  ever  have  existed.  , 

Whf  the  vegetahU  mil  doe»  nol  att^fmmt  m  (hkknm* — ^If  no  such 
'  voluminooa  masses  are  fotmed  on  the  land,  it  is  not  from  the  want  of 
solid  matter  in  tlie  structure  of  terrestrial  animals  and  plants ;  but  merely 
because^  as  I  have  so  often  stated,  the  continents  are  those  parts  of  the 
globe  where  accessions  of  matter  can  scarcely  ever  take  place — where, 
on  the  contrary,  tho  mopt  sr)lid  jiarts  already  formed  are,  each  in  their 
ttirn,  exposed  to  gradual  degradation.  The  quantity  of  tindx-r  and 
vegetable  matter  which  grows  in  a  tropical  forest  in  the  couj-se  of  a 
century  is  enormous,  and  multitude^}  oi  animal  bkeletons  are  scattered 
there  during  die  same  period,  besides  innumeraUe  land  shells  and  other 
organic  snbstanoea.  The  aggregate  of  these  maferials^  therefore,  might 
constitute  a  mass  greater  in  volnme  than  that  which  is  piodnoed  in  any 
ooral-reef  daring  ttie  same  lapse  of  yean;  but,  althou^  this  process 
should  continue  on  the  land  for  ever,  no  mountains  of  wood  or  bone 
would  be  seen  stretching  far  and  wide  over  the  country,  or  pushing  out 
bold  promontories  into  the  j^'a.  Tlie  whole  j^olid  mass  is  cither  devoured 
by  animals,  or  deeomposes,  as  diM  S  a  portion  of  the  lOck  and  soU  on 
which  tlie  juiiinals  and  plants  are  supported. 

The  waste  of  the  strata  themselves,  accompanied  by  tho  decomposition 
of  tlif  ir  organic  remains,  and  the  setting  free  of  their  alkaline  ingredients, 
is  one  aomne  fiEcm  whence  ronniog  water  and  the  alanoqdieve  may  daive 
the  mateiials  which  are  absorb^  by  the  roots  and  leaves  of  plants. 
Another  source  is  the  passage  into  A  gaseous  fonu  of  even  the  hardest 
parts  of  animals  and  plants  which  die  and  putrefy  in  the  air,  where  they 
an;  soon  resolved  into  the  elements  of  which  they  are  composed :  and 
while  a  portion  of  these  constituents  Is  volatilized,  the  rest  is  taken  up 
by  rain-wator,  ruid  sinks  into  the  earth,  or  flows  towards  the  sea;  So  that 
they  enter  again  and  again  into  the  composition  of  different  oiganic 
beings. 

The  principal  elements  found  in  }tlants  are  hydrogen,  carbon,  and 
oxygen ;  so  that  water  and  the  atmodphere  cont^n  all  of  them,  either 
in  tibd?  own  composMon  or  in  solution.  *  The  constant  supply  of 
these  elements  is  maintained  not  only  by  the  putrefaodon  of  animal 
and  vegelahlo  substances,  and  the  decay  of  rooks,  bat  also  by  the 
oopioua  evolutiott  of  carbonic  add  and  other  gasea  from  volcanoes  and- 

*  8se  soms  good  remarin  on  the  Formation  of  Stn^  BskewtirB  Geology,  ehsp 
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mineral  spnnp',  and  hy  tlio  cffi-ots  of  ordmaiy  evaporation,  wherebj 
aqueous  vapors  are  made  to  riae  from  th«  ooeao,  and  to  circulate  iouoq 
the  gloK\  • 

It  i»  well  kno^YIl,  that  wheu  two  gases  of  difftreni  t»pticitic  gnivity  are 
brou£fht  into  contact,  even  thougk  the  heavier  be  the  lowermo&t,  they  soon 
become  unitbrmly  diffused  by  mutual  absorption  through  the  whole  space 
wbieh  ih«gr  occupy.  By  virtue  oC  this  Uiw,  the  heavy  carbonio  add  findi 
ito  way  upwaids  thfongh  the  lighter  air  of  £he  atmosphere,  and  oonveys 
aourishmeot  to  the  lichen  whicJ^  ootrem  the  monntain  topw 

If  the  qtiantity  of  food  oonsnmed  by  terrestrial  animalis  end  the 
elements  imbibed  by  the  roots  and  leaves  oCpbnts^  weve  derived  entirely 
trom  that  supply  of  hydrogen,  carbon,  oxygen,  nitrogen,  and  othw 
elements,  given  out  into  the  atmosphere  and  the  waters  ty  the  putres- 
cence of  orDfnnie  'substances,  then  we  might  imagine  that  the  vegetable 
mould  Mould,  alter  a  sfii of  years,  neither  gain  nor  ios^:'  a  single  particle 
by  the  action  of  origan ic  U  iiigs;  and  tliis  conclusion  is  not  tir  fr«  -m  th*- 
truth;  but  the  operati'jn  whicli  renovates  the  vegetable  and  animal  moul<i 
is  by  no  meauii  so  biuiplo  that  hero  supposed.  Thou2>ands  of  carcases 
of  terrestrial  animals  are  floated  down,  eveiy  century,  into  the  eea ;  and,  * 
together  with  forests  of  driftptimber,  are  imbedded  in  subaqueous  deposits, 
where  their  elements  are  imprisoned  in  solid  strata,  and  may  there  remain 
lotted  up  throughout  whole  geological  epodis  befine  they  again  beoome 
uibeervient  to  the  purpoees  of  life. 

On  the  other  lumd,  fresh  supplies  are  derived  hy  the  atmosphere  and 
by  roniuag  water,  as  before  stated,  from  the  disintegration  of  rocks  and 
tlu'ir  orc:anic  contents,  and  through  the  agency  of  mineral  springs  from  the 
interior  of  the  earth,  from  whence  ,h11  tli<«  el«'nvTit«  1i  f  re  mentioned,  which 
enter  principally  into  the  composition  or  animals  ami  vegPtaWes,  arc  con- 
tinually evolved.  Even  nitrotjen  is  found,  by  chemists,  to  be  contained 
very  generally  in  the  waters  of  mineral  springs. 

Vegetation  not  an  aniagomst  jmoer  eounierbalancinff  the  action  of 
rmnning  wakr, — If  we  suppose  that  the  copious  supply  from  the  nedier 
regions,  by  springs  and  volcanie  vents,  of  carbonio  acid  and  ottier  gaaea, 
together  with  the  decomposition  of  roehs,  may  be  just  sofllcient  to  omm' 
terbalanoe  that  loss  of  matter  which,  having  already  served  for  the  nour- 
ishment of  animals  and  plyntf^  is  annually  earned  down  in  oigsmaed 
forms,  and  buried  in  subaqueous  strata,  we  concede  the  utmost  that  ii 
consistent  with  probability.  An  opinion,  however,  has  been  expressed, 
that  the  processes  of  venfctable  life,  by  alworbing  various  gases  fTt»m  th<» 
atmosphere,  cause  so  largo  a  mass  of  solid  matter  to  acruniulHte 
the  surface  of  the  land,  that  this  mass  alone  may  constitute  a  irr.  at  cimn- 
terpoise  to  all  the  matter  transported  to  lower  levels  by  the  aqueou*> 
agents  of  decay.  "  Torrents  and  rivers,"  it  is  said — "  Uie  waves  of  thti 
sea  and  marine  currents  act  upon  Bnes  only;  but  the  power  of  vegeta> 
tion  to  absorb  the  dastio  and  non^ehMtic  fluids  drctdating  round  the 
otrtb,  extends  over  the  whole  smfooe  of  the  continents.  By  tho  silent 
but  univenal  action  of  this  great  anti^onist  power,  the  foliation  and 
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waste  caiLs«1  by  nmnin|[r  water  on  the  land,  and  by  tho  movements  of  iho 
ocean,  nrf*  TU'Utraliz<'d,  aud  ovon  countorbaJanecd."* 

Jji  opposition  to  theso  views,  I  conceive  that  we  shall  form  a  juster 
estimate  of  the  inlluunce  of  vegetation,  if  we  consider  it  as  being  in  a 
blight  degree  conservative,  and  capable  of  retarding  the  waste  of  land, 
but  not  of  actii^  as  an  antagonist  power.  The  vegetiUile  tamild  is 
seMom  more  than  a  &w  liaet  in  tMckness^  and  frequently  does  not  exceed 
a  few  incbes ;  and  we  by  no  means  find  that  its  volume  is  more  consi- 
derable on  those  parts  of  our  continents  whieb  we.  can  prove,  by  ge<^ 
logical  data,  to  have  been  elevated  at  more  ancient  peiiodS|  and  wherSi 
consequently,  there  lias  been  the  greatest  time  for  the  accumulation  of 
vegetable  matter,  produced  throughout  successive  zoological  epochs.  On 
the  contrary,  these  l:igher  an  1  older  regions  are  more  frequently  denuded, 
so  as  to  expose  tlie  bare  lock  to  the  action  of  the  sun  and  air. 

We  liud  ia  the  torrid  zone,  where  the  growth  of  plants  is  most  rank 
and  luxurious,  that  aoceasions  of  matter  due  to  their  agency  are  by  no 
means  the  most  conspicnous.  Indeed  it  is  in  these  boitudes,  where  the 
vegetation  is  most  active,  that,  for  rnuoas  to  be  cbqibuned  in  the  next 
«.  chapter,  cgren  those  superficial  peat  mosses  are  unknown  which  cover  a 
large  nr  a  in  some  parts  of  our  temperate  zone.  If  tho  operation  of 
animal  and  vegetable  lite  could  restore  to  the  general  surface  of  the 
continents  a  portion  of  tho  ekment.s  of  tIio<;e  disintegrated  rocks  of 
which  such  enormous  maf5ses  are  swept  down  annually  into  tlie  sea,  the 
effects  would  long  ere  this  have  constituted  omi  of  the  most  btrikiug 
features  in  the  structure  and  composition  of  our  continent.  All  the 
great  steppes  and  table-lands  of  the  world,  where  the  action  of  running 
water  is  feeble,  would  have  become  the  graiid  repositories  of  organic 
matter,  accumulated  without  tbat  intermixture  of  earthy  sediment 
wbich  so  generally  characterizes  the  subaqueous  strata. 

I  have  already  stated  that,  in  the  known  operation  of  the  i^neou*  causes, 
a  real  antagonist  power  is  found,  which  may  counterbalance  the  level- 
ling action  of  running  water  (p.  563) ;  and  there  seems  no  good  T  *>;ison 
for  presuming  that  tho  upheaving  and  dej^ressing  force  of  earthquakes, 
together  with  the  ejection  of  matter  by  volcanoes,  may  not  be  fully  ade- 
quate to  restore  that  inequality  of  the  surface  which  rivers  and  the  waves 
and  currents  of  the  ocean  annually  tend  to  lesiieu.  If  a  counterpoise  bo 
derived  from  this  source,  tlie  quantity  and  elevation  of  laud  above  the 
sea  may  for  ever  remain  the  same,  in  spite  of  the  action  of  the  aqueous 
causes,  which,  if  thus  counteracted,  may  never  be  able  to  reduce  the 
suriac^  of  the  earth  more  nearly  lo  a  state  of  equilibrium  than  that  which 
it  has  now  attained ;  and,  on  the  other  hand,  the  force  of  tho  aqueoua 
agents  themselves  m^bt  thus  continue  for  ever  uniqipaired. 

Conservative  {vjfuence  of  vegetation. — If,  then,  vegetation  cannot  act 
as  an  antagonist  power  amid  the  mighty  agents  of  change  which  are 
always  modityiog  the  surface  of  the  globe,  let  us  next  inquire  how  far 

*  Sec  Profeivsor  Ssdgwiok's  Anaivsnsry  Addreisto  tbs  Geologissl  Sodaty 
Feb.  1881,  p.  24 
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its  infltience  is  conservative, — how  far  it  may  retard  the  levellini^  efltectt 
of  running  water,  which  it  cannot  oppose,  much  less  counterbalance. 

It  is  well  known  that  a  covering  of  herbage  and  shrubs  :nay  protect  a 
loose  soil  from  being  carried  away  by  rain,  or  even  by  the  ordinary 
action  of  a  river,  and  may  pment  hiUa  of  loose  tand  from  being  blown 
away  by  the  wind;  for  the  roots  Innd  togetber  tbe  lepamte  partidm 
into  a  firm  maasi  and  the  loam  intercapt  the  lainrwater,  ao  that  it  dtias 
up  gradnally,  instead  of  flowing  off  in  a  masa  and  witb  giaat  vdocifcf. 
The  old  Italian  bydrographers  make  frequent  mention  of  the  ineraased 
degradation  which  has  followed  the  clearing  away  of  natural  woods  in 
several  parts  pf  Italy,  A  remarkable  exacjplo  was  afft^rded  in  tbe 
Upjier  Vul  d'  Arno,  in  Tnscanv,  on  the  removal  of  the  woods  t  lothinf* 
the  steep  declivities  of  the  hills  by  which  that  valley  is  l)oiiT!<led. 
"NVIien  the  ancient  forest  laws  were  abolished  by  the  Grand  I  )ukc  Joseph, 
durincf  the  last  century,  a  considerable  tract  of  surface  in  the  Caasentina 
(the  Clausentinium  of  the  Romans)  was  denuded,  and  immediately  the 
quantity  of  sand  and  soil  washed  down  into  the  Arno  increased  enor- 
mously. Frisi,  alluding  to  suoh  oeenrrencesy  observes,  that  aa*  soon  aa 
the  bushes  and  planii  were  removed,  tbe  waters  flowed  off  more  rapid- 
ly, and,  in  the  manner  of  floods,  swept  away  the  vegetable  soil.* 

This  eflfect  of  vegetation  Is  of  high  interest  to  the  geologist,  when  he 
<a  considering  the  formation  of  those  valleys  which  have  I>een  princi- 
pally due  to  the  action  of  rivers.  The  spaeee  intervening  between  val- 
leys, whether  they  be  flat  or  ridgy,  wlicn  covered  with  vegetation,  may 
scarcely  undergo  the  slightest  waste,  as  the  surface  may  be  protected  by 
the  green  sward  of  grass ;  and  thi*^  may  be  renewe<l,  in  tlie  manner 
before  described,  from  elemeats  derived  troin  rain-water  ami  the  atmo- 
sphere. Hence,  while  the  river  is  rontiuually  bearing  down  matter  in 
tliealitis  ial  plain,  and  underinininL:;  the  clid's  on  each  side  of  every  valley, 
the  height  of  the  intervening  rising  grounds  may  reooain  stationaiy. 

In  this  manner,  a  cone  of  loose  scone,  sand,  and  asbee,  soch  as  Monte 
Nnovo,  may,  when  it  has  once  become  densely  clothed  with  herbi^ 
and  shrubs,  suffer  scarcely  any  further  dilapidation ;  and  the  peifoet 
state  of  the  cones  of  hundreds  of  extinct  volcanoes  in  France,  tbe  Nea- 
politan territory,  Sicily,  and  elsewhere,  may  prove  nothing  whatever, 
either  as  to  their  relative  or  absolute  antiquity.  We  may  be  enabled 
to  infer,  from  the  integrity  of  such  conical  hills  of  incoherent  materials, 
that  no  flood  can  have  passed  over  the  countries  where  they  are  situated, 
since  their  formation  ;  but  the  atmosj)herlc  aelion  alone,  in  spots  where 
there  hapjM-n  to  bo  no  torrents,  and  wiiere  the  surface  was  clothed  with 
vegetation,  could  scarcely  in  any  lapse  of  ages  have  destroyed  them. 

During  a  tour  in  Spain,  in  1830,  1  w  as  surprised  to  see  a  district  of 
gently  undulating  groimd  in  Catalonia,  consisting  of  red  and  gray  sand* 
■tooe^  and  in  some  parte  cf  red  mad,  ahncstentiiely  denuded  of  herbage ; 
while  the  roots  of  tiie  pines,  holm  osJeb,  and  some  other  trees^  wm  half 

*  Iksstiie  on  Biveis  and  TonMhta^  p^  6.  Ganttni'i  tfsaslalhWi 
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exposed,  as  if  the  soil  had  been  washed  away  by  a  floml.  Such  is  the 
state  of  the  forests,  for  example,  between  Oristo  and  Vich,  and  near  San 
Lorenzo.  But,  being  overtaken  by  a  violont  tliundcr-storni,  in  the  month 
of  Au£;;ust,  T  saw  the  wlmlo  <;nrfnrr\  evon  the  highest  levels  of  some  flat- 
topped  hiiis,  Btreaining  with  mud,  while  on  every  declivity  tlio  devasta- 
tion of  torrenta  was  terrific  The  pecuHaritios  in  the  pliysiognomy  of 
the  district  wure  at  once  explained  ;  and  I  was  taught  that,  in  speculating 
on  the  greater  effects  which  the  direct  action  of  nun  may  once  have  pro- 
dno^  on  the  stitfiwe  of  eeitain  parts  of  England,  wo  noed  not  revert  to 
periods  when  the  heat  of  the  oUmafe  was  tropieaL 

Jsk  the  torrid  lone  the  degiadatioii  of  hmd  is  geneiallj move  rapid; 
bat  the  waste  is  by  no  means  proportioned  to  the  snperior  quantitj  of 
ram  or  the  suddenness  of  its  the  transporting  power  of  water  bemg 
coonteracted  by  a  greater  loinriance  of  vegetation.  A  geologist  who  is 
no  stranger  to  tropical  countries  observes,  that  the  softer  rocks  would 
speedily  be  washed  awnv  in  '•ncli  rofrions,  if  the  numerous  roots  of  plants 
were  not  matted  tofrt'tlier  iii -n.  h  a  manner  as  to  produce  considerable 
resistance  to  the  destructive  power  of  the  rains.  The  parasitical  and 
creeping  ])lant.s  also  entwine  in  every  possible  direction,  so  as  to  render 
the  forests  nearly  impervious,  and  the  trees  posseiis  forms  and  leaver  be&t 
to  shoot  off  the  heavy  rains ;  which,  when  they  have  thus 
been  broken  in  their  fiidl,  are  quickly  absorbed  by  the  ground  beneath, 
or,  when  thrown  Into  the  drainage  depressions,  give  rue  to  foriooa 
totrentB.* 

Influence  of  Man  in  nmiijying  the  Physical  Geography  of  the 

Globe. 

Before  concluding  this  chapter,  I  shall  offer  a  few  observations  on  the 
inflnence  of  man  in  modi^ng  the  physical  geography  of  the  globe ;  for 
we  must  cla<?<«  ]m  aijency  among  the  powers  of  organic  nature. 

FeWnr}  of  forests. — The  felling  of  forests  has  been  attended,  in  manv 
countries,  l.y  a  diminution  of  rain,  as  in  Barhadoes  and  Janiaica.f  For 
in  tropical  countries,  where  tho  quantity  <jf  aqut'ous  vapor  in  the  atuio- 
sphere  is  great,  but  where,  on  tlie  other  hand,  the  direct  rays  of  the  sun 
are  most  powerful,  any  impediment  to  tho  free  circulation  of  air,  or  any" 
screen  which  shades  the  esrth  from  the  solar  rays,  becomes  a  eonroe  of 
hwnidity ;  and  wherever  dampness  and  oold  have  began  to  be  generated 
by  snch  causes,  the  condensation  of  vapor  continues.  The  leaves,  more- 
over, of  all  plants  are  alembics,  and  some  of  those  in  the  torrid  tone  have 
tho  remarkable  property  of  distilling  water,  thus  contributing  to  prevent 
the  earth  from  becoming  parched  up. 

Distribution  of  the  Ameriam  forests. — There  can  be  no  doubt  then, 
that  the  state  of  th.'  climate,  eppecially  th.'  humidity  of  the  atmosphere, 
influences  vegetation,  and  that,  in  its  turn,  vegetation  re-acts  upon  the 

*  De  ia  ikche,  Geol  Man.,  p.  184.,  Ut  ed.       f  Flui.  Traoa.,  voL  iL  Ml 
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climate:  but  some  ^vritere  seem  to  liave  attriboted  lot;  uux-h  importance 
to  tlio  mfiuenca  of  fort^Ls,  particularly  those  of  America,  us  li  thej  w«re 
the  primiuy  cause  of  the  molBtnie  of  the  climate. 

OSie  theoiy  ci  a  modem  author  on  thia  aubjeot "  that  fererta  eskt  is 
tfaoee  pattaof  America  only  where  the  piedomimuit  winda  cany  with  them  a 
coDsidefaUe  qnantitj  of  moisture  from  the  ocean,'*  aeems  fiv  mora  latioaiL 
In  all  oountrieSi  he  aays,  having  a  summer  heat  exceeding  lo'j  the 
piescncc  or  abs^ce  of  natural  woods,  and  their  greater  or  less  luxuriance^ 
maj  be  taken  n  measure  of  the  riniount  of  huniitiitv,  an  !  of  tbe  fer- 
tility of  tli*>  s  il.  .short  and  heavy  rains  in  a  warfti  i  nitrv  will  produce 
gra--*.-.,  hIucIi,  having  its  roots  near  to  the  surface,  spruigs  jj)  in  a  few  JaTS, 
and  witiiers  when  the  moisture  is  cxliausted;  but  transitor}-  rains,  huw- 
ever  heavy,  will  not  nourish  tre^ ;  because,  alUr  the  surface  k  saturated, 
fheiemainder  of  the  water  luna  dS,  and  the  moiatare  lodged  m  the  aofl 
nether  amka  deep  enooj^  nor  is  in  aufficient  quantity,  to  foniah  the 
gpnti  of  the  iforeita  with  the  neceesary  mwtonanoe.  It  may  be  amomed 
that  twenty  inchea  ct  lain  ftlling  moderately  or  at  intervals,  wiU  leave  a 
greater  ]>crmanent  supply  in  the  eoU  than  forty  inches  fiiUiog,  aa  it  aome* 
times  docs  in  the  torrid  zone,  in  as  many  hours."* 

"In  all  regions,"  ho  continnos,  **  where  ranges  of  mountains  intercept 
the  *"<n!?>o  of  the  constant  or  predominant  winds,  the  countr}-  on  the 
windward  Bide  of  the  mouutaiiis  will  be  moist,  ami  that  on  the  leeward 
dry ;  and  hence  parched  deserts  will  generally  be  found  on  the  west  side 
of  countries  within  the  tropics,  and  on  the  east  side  of  those  beyond 
them,  t^e  prevailing  winds  in  these  caaea  being  generally  in  opponte  di- 
rections.  On  this  principle,  the  pcntion  <tf  foreeta  in  North  and  Sooth 
Anwrics  may  be  explained.  Thus,  for  example,  in  the  region  within  tha 
thirtieth  parallel,  the  moisture  swept  up  by  the  trade-wind  from  the  At- 
lantic is  precipitated  in  part  upon  the  mountains  of  Brazil,  which  are  bat 
low,  and  so  distributed  as  to  oxteiid  far  into  tlio  interior.  The  portion 
which  remains  is  borno  westward,  and,  losini^  a  little  as  it  proceed^,  i-^ 
at  lenc^h  arrested  by  tlie  Andes,  where  it  falls  down  in  showers  on  tiieir 
sumuuLs.  The  aerial  current,  now  deprived  of  all  the  huuiiJity  with 
which  it  can  part,  arrives  iu  a  state  of  complete  exsiccation  at  Peru,  where 
consequently  no  rain  fidla.  But  in  the  region  of  America,  beyond  the 
.thirtieth  purallel,  the  Andes  serve  as  a  screen  to  interoq)t  die  moistnre 
brought  by  the  prevailing  winds  ftom  the  Fadfic  Ocean :  r^ina  are  copi- 
ous on  their  summits,  and  in  Chili  on  their  wetiern  declivities ;  but  none 
falls  on  tbe  plains  to  the  eaahtardf  eioept  occasionally  when  the  wind 
blows  from  the  Atlantic.^'f 

T  have  been  more  particular  in  explainin<x  these  views,  becau«ie  tbey 
appear  to  place  in  a  true  liglit  t)>e  dependence  of  vecjetation  on  climate, 
tJie  humidity  being  increased,  and  more  uniformly  diffused  throughoni 
the  year,  by  the  gradual  spreading  of  wood. 

*  Maclaren,  art.  America,  Kncyc  Britaonioa. 

f  ^!ftclareti.  art.  America,  Encyc  Britannica,  where  the  position  of  the  AbIi^ 
ncaa  forests,  iu  accordaooe  with  this  theory,  ia  laid  down  lu  a  map 
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It  has  beon  affirmed,  tiiat  formerly,  m  )h  n  Franco  and  Knirland  wore 
covered  with  wood,  Europo  whs  nnich  colder  than  at  present;  that  the 
winters  in  Italy  were  lon<^cr,  and  tliat  the  Seine,  and  manv  other  rivers, 
froz*}  more  regularly  every  winter  tlian  now.  M.  ArugOj  lu  au  essay  on 
this  subject,  has  osdeavored  to  show,  by  tables  of  observations  on  the 
congelation  of  the  Bhine^  DaaubOi  Bhonei  Po^  Seine,  and  other  men,  at 
difl^oent  periods^  that  there  »  no  leaaon  to  bdiere  the  cokl  to  have  been 
in  general  mora  intenfle  in  ancient  tunen*  He  admits,  however,  that  the 
dtmate  of  Tuscany  has  been  so  far  modified,  hy  the  remoral  of  wood,  as 
that  the  winters  are  less  cold;  but  the  tonunerB  also^  he  contenda,  are 
less  hot  than  of  old;  and  the  summers,  according  to  him,  were  formerly 
})ott<'r  in  France  than  in  oijr  own  time.«.  His  evidence  is  derived  chiefly 
from  docunientf*  sliowin'j  that  wino  hvns  made  three  centuries  ago  in 
til  -  Vivarais  and  .several  <>rti  r  |»ruvinces,  at  an  earlier  season,  at  greater 
elevations,  and  in  hijyher  latitudes,  than  are  now  found  suitable  to  the  vine. 

There  seems  little  doubt  that  in  tlie  United  States  of  ^lortli  Auiorica 
the  n4>id  danrMj^of  the  oonntiy  haa  rendoed  the  winteie  Urn  seyere  and 
the  sammem  kaa  hot;  in  other  wordfl^  the  extreme  tempemturee  ci 
Jannaiy  and  Jnlj  have  been  observed  from  year  to  year  to  approach 
acmewhat  nearer  to  eadi  other.  Whether  in  thk  case,  or  in  France,  the 
mean  temperature  has  been  raised,  seems  by  no  means  as  yet  decided; 
but  tliere  is  no  doubt  that  the  climate  has  iftecome,  as  Buffon  would  hare 
said,  "less  excessive." 

I  have  before  shown,  when  treatin[j  of  the  excavation  of  new  estuaries 
in  Holland  hy  inroads  of  the  oc^^nn,  as  also  of  the  changes  on  our  own 
coasts,  that  althou<;h  the  converMi>n  of  stra  into  land  bv  artiticial  lalx)rs 
may  be  great,  yet  it  inu:st  always  bo  in  subordination  to  the  power  of  tho 
tides  and  currents,  or  to  the  great  movements  which  alter  the  relative 
IcT^  of  the  land  and  sea,  (Chap.  XX.)  If,  in  addition  to  the  aasistanoe 
obtained  by  parliamentary  gcjmti  for  ddending  Dunwidi  from  the  waves, 
all  the  leBouroes  of  Europe  had  been  directed  to  the  same  en4  the  eont- 
ence  of  that  port  might  perhaps  have  been  prolonged  for  several  centmica 
(p.  810.)  But  in  the  mean  time,  the  current  would  have  continued  to 
sweep  away  portions  from  the  adjoining  cliffs  on  cacli  sid^  gi^ng  to  the 
whole  line  of  cojist  its  present  form,  until  at  lenfrtli  the  town,  projertin/r  a** 
a  narrow  ])rt)nioQU>iy,  must  have  become  exposed  to  the  iizesistibie  iuxy 
of  the  waves. 

Tt  is  scarcely  uec^sary  to  oi>serve,  that  the  control  which  man  can 
obtain  over  the  igneous  agents  is  less  even  ilian  that  which  he  may  exert 
over  the  aqueous.  He  dbnnot  modify  the  upheaving  or  deprt^sing  force 
of  earthquahcB^  or  the  periods  or  degree  of  violence  <^  volcanic  eruptions; 
and  on  theae  causes  the  inequalities  of  the  earlli*s  snifiioe,  and,  conse- 
quently, the  shape  of  the  sea  and  land,  appear  mainly  to  depeiNl*  Ihe 
utmost  that  man  can  hope  to  eflfeot  in  ^ii  respect  is  occasionany  to 
divert  the  coune  of  a  lavMtream,  and  to  prevent  the  buining  matter,  ftt 

*  .Auiuairs  dn  Bnrsau  d«s  Loaf.  16SI» 


Digitized  by  Gopgle 


INPLUBNCB  OP  MAH 


a  senson,  from  OTenrbeliiihig  a  dty,  or  tomb  other  of  the  pioadeBt  wotkn 

of  human  industn^ 

If  all  flio  TintK>ti'<  of  tlio  earth  sliould  attempt  to  quarry  away  the  lava 
which  flowed  duniiLC  one  oniption  from  the  Icelandic  volcanoes  in  1783, 
and  the  two  following  years,  and  should  attempt  to  consign  it  to  the 
deepest  abysses  of  the  ocean,  they  might  toil  for  thousands  of  years  and 
not  acoompliah  their  task.  Yet  tiie  matter  bone  down  to  the  sea  bj  two 
great  nren,  the  Ganges  and  Bunampooter,  in  each  qnatter  of  a  oeotury, 
probflUy  equals  in  weight  and  Tolome  the  maas  of  Icelandic  Im  pro- 
dnoed  If  that  great  eruption  (p.  283).  80  insignificant  n  the  aggregate 
foice  exerted  by  man,  when  contrasted  with  the  ordinaiy  operatioiiB  of 
aqueous  or  igneous  agents  in  the  natural  world. 

No  appUcation,  perhaps,  of  human  sldll  and  lal)or  fends  m  'rreath  to 
vary  the  state  of  the  habitable  surface,  as  that  employed  in  the  drainage 
of  lakes  and  niai-i«hes,  since  not  only  the  stattom  of  many  animals  aii'l 
plants,  but  the  ff'-nf-ral  climate  of  a  district,  may  thus  be  moditied.  It  is 
ako  a  kind  of  alteration  to  which  it  iis  difficult  to  find  anything  analogous 
in  the  agency  of  inferior  beings;  for  wo  ought  always,  before  wc  decide 
that  any  part  of  the  influence  of  matt  k  novel  and  an^nalons^  ctaMfy  tc 
consider  the  powers  of  aU  other  animated  agents  which  may  be  limited 
or  aaperseded  by  him.*  Uany  who  have  reasoned  on  these  auljects  seem 
to  have  forgotten  that  the  human  race  often  succeeds  to  the  discharge  of 
Actions  prevtouflly  fulfilled  by  other  species.  8u[>pos.-  the  growth  of  some 
:f  the  larger  tcrrestiial  plants,  or,  in  other  words,  the  extent  of  forest,  to 
bo  diminished  by  man,  and  the  climate  (o  be  thereby  mo<lified,  it  tl<)os 
not  follow  that  this  kind  of  innovation  is  iniprecedentetl.  It  is  a  chanire 
in  the  state  of  ve<j^etation,  and  such  may  often  have  been  the  rt«ult  of 
the  aj^pejiraiice  of  new  species  npoii  tlie  eartli.  The  multiplication,  for 
example,  of  certain  insects  in  ]iarts  of  Germany,  during  the  last  century, 
destroyed  more  trees  than  man,  perhaps,  could  have  felled  during  an 
equal  period. 

It  would  be  rash,  however,  to  affirm  that  the  power  of  man  io  modify 
the  sur&ce  may  not  differ  in  kind  or  degree  from  that  of  other  living 

beings ;  although  the  problem  is  certainly  more  complex  than  many 
who  hare  speculated  on  such  topics  have  imagined.  If  land  be  raised 
from  the  sea,  the  great<^t  alteration  in  its  physical  condilion,  wWch 
could  ever  arise  from  the  influence  of  orixanic  beincrs,  would  probablv 
be  produced  by  the  first  immigration  cf  terrestrial  plants,  whereby 
the  new  tract  would  become  covered  with  veijetation.  The  change 
next  in  importance  would  seem  to  bo  when  animals  first  enter,  and 
modify  the  proportionate  numbers  of  certain  species  of  plants,  li  there 
be  any  anomaly  in  the  intervention  of  man,  in  farther  varying  the  rda> 

*  Siiioo  fluHi  Was  -vrritfori  T  have  seen  in  New  Brntiswiok  (Ifi.Vi)  a  lake  formed 
by  beavers  who  had  thrown  a  dam,  ooiisi«tiagof  atak«^  stoneai  and  mad,  aeroM 
th«  eoitrM  of  a  imall  ttreainlet,  between  Doreheater  and  the  Portage  Mrath  of  Ht* 
Pt'tlfoJiac  river.  The  boavt-rs  Imve  since  boon  cxtirpiitcd  hy  man,  but  the 
lake  remain^  and  mask  rata  have  taken  poaaesaioa  of  the  abailow  parts  of  the 
lake  to  huild  their  habitatuns  hi  them. 
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tive  numbers  in  tlie  vegetable  kingdom,  it  may  not  bo  much  consist  in 
the  kind  or  absolute  quantity  of  alteration,  as  in  the  circumstance  tliat 
a  single  specie*^  in  this  case,  would  exert|  by  its  superior  power  and  uni- 
▼fliBil  (KBtrilratioii,  an  inflaeiioo  equal  ta  that  nf  himcliedi  of  <yllier  tn^ 
rastrial  animalfc 

If  we  inquire  wHeliher  man,  by  hia  direct  power,  or  oy  the  eba^gea 
wbieh  be  may  giro  liae  to  indirectly,  tends,  upon  tbe  whole,  to  leaMn  or 
increase  the  inequalities  of  the  earth's  aurfiioe^  we  shall  incline,  perbapSf 
to  the  opinion  that  he  is  a  leieUing  agent.  In  mining  operations  he 
conveys  upwaida  a  certain  quantity  of  materials  from  the  bowels  of  tlie 
earth ;  but,  on  the  other  hand,  much  rock  is  taken  annually  from  the 
land,  in  the  shape  of  ballast,  and  afterwards  thrown  into  the  sea,  md 
by  tltiH  means,  in  spite  of  prohibitory  laws,  many  harbors,  in  various 
parts  of  the  world,  have  been  blocked  up.  We  rarely  transport  heavy 
rnaterinls  to  higher  levels,  and  our  pyramids  and  cities  are  chiefly  con- 
structed of  stone  brought  down  from  more  elevated  situations.  By 
ploughing  up  Ihonsaindi  of  aqnave  mllei,  and  eipoaiog  a  surface  for 
part  of  the  year  to  the  action  of  the  dements,  we  ateist  the  abrading 
ftne  oC  rain,  and  diminish  the  oonservniive  effeoti  of  vegetation. 
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nivision  of  the  subject — Imbedding  of  organic  remaius  m  depo^iU  on  emerged 
land— Growth  of  {nmI— Site  of  andint  fomte  in  Europe  now  ooenpied  by 
pent— Bog  iroDHwe — Preservation  of  naimoi  substaDcea  in  peat— Miring  of 
quadnipc-ds — Bursting  of  the  Sol wny  moss — GteAt  Dismal  Swanift — Iiiibe«l- 
ding  of  organic  bodi«.>s  and  human  remaina  in  blown  sand — Moving  sands  of 
African  deserta — De  Luc  on  their  recent  origin — Buried  t«mple  of  Ipsambul 
— IMod  carcans  in  the  Mads— Towns  orerwliftlmod  by  ••ad4Ioodo— Imbed- 
ding of  oxgftiuc  and  otiior  ramaina  in  Toloanie  fonoationa  cn  tbe  land. 

Division  of  the  stihject. — ^Thk  next  subject  of  inquiry  is  the  mode  in 
which  the  rttniains  of  auimals  aud  planU  becouie  Ibbsil,  or  u<d  buried 
ia  the  «tftli  hy  natunl  oautet.  M.  Oonsteiit  Ftevoafc  hm  obaemed, 
that  the  eflfocts  of  geological  cauBes  ate  diviaible  ioto  two  greai  cUbmb  ; 
thoM  prodoeed  daring  the  mbmeiBioa  of  land  beneath  the  waten, 
and  ihoae  whieh  take  place  after  ita  emerrios.  Agreeably  to  thtt  daari* 
fieatioD,  I  shall  consider,  first,  in  what  mannor  animal  and  vegetable 
remains  become  indoded  and  preserved  in  deposits  on  emeiged  land,  or 
thatf  part  of  the  surface  which  is  not  permanently  covered  by  water, 
wlicther  of  seas  or  lakes ;  secondly,  the  manner  in  which  oiganio  remains 
become  irnbeddv'd  In  subaqueous  dcpo9it!». 

Under  the  lirst  division,  I  shall  treat  of  the  following  topics  : — 1st,  the 
growth  of  peat,  and  the  preservation  of  vegetable  and  animal  remains 
therein ; — 2dly,  the  burying  of  organic  remains  iu  blown  sand  ; — Sdly, 
of  the  same  in  Ae  ejections  and  alluTinms  of  volcanoes 4th)y»  in 
aUnviums  generally,  and  in  the  ruins  of  landslips ; — 5th]y,  in  the  mad 
4uid  stalagmite  of  caves  and  fissures.  . 

* 

Growth  of  Peatt  and  Pvutnation  of  VegttMe  md  Ammol  Rmaam 

tkertiru 

The  generation  of  peat,  when  not  completely  under  water,  is  oonfined 
to  moist  situations,  where  the  t<3mperature  is  low,  and  where  vegetables 
may  decompose  without  putrefying.  It  may  consist  of  any  of  the 
nomeious  plants  which  are  capable  of  growing  ia  sadi  slatwiu  ;  but  a 
spedes  of  mow  (Sphapnum)  constitutes  a  considenble  part  of  the  peat 
found  in  manhes  of  the  north  of  Europe;  this  plant  having  the  pro- 
perty of  throwing  up  new  shoots  in  its  uppsr  part,  while  its  lower 
exttemities  are  decaying  *  Reeds,  rushes,  and  other  aquatio  plants 
may  usually  be  traced  iu  peat ;  and  their  organization  is  <^n  so  entire 
that  there  is  no  difficulty  in  discriminating  the  distinct  spedes. 

*  For  a  catalogue  of  plants  which  form  peat^  aee  Kev.  Dr.  Kennie'a  iiasajs  oo 
Peal^  pi     ;  and  Dr.  MasCnlloeli's  Wsstsra  Um^  voL  L  p.  129. 
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AnaiyuU  peat* — ^lu  genera],  sajs  Sir  fi.  Bftvy,  ane  bandfed  parts 

of  dry  peat  conlain  from  ^^ixtj  to  &incty-nine  parts  of  mutter  dostructi- 
ble  by  fire ;  and  the  residuum  conatts  of  earthfl  luuially  of  the  aaine 
kind  as  the  substratum  of  clay,  marl,  gravel,  or  rock,  on  which  they  are 
fonnfl,  to!Tother  with  oxido  of  iron.  "The  peat  qf  the  chalk  counties 
of  England,"  obsorvf*s  the  same  w  rit*  r,  *'  contains  much  gypsum :  but  1 
have  found  very  little  in  any  sjx'cinn'ns  from  Ireland  or  Scotlan<l,  ami 
in  general  these  peats  contain  very  little  saline  matter."*  From  the 
r^earches  of  Dr.  MacCulloch,  it  appears  that  peat  is  intermediate 
between  aimple  vegetable  nutter  and  lignite,  tbe  conversion  of  peat  to 
lignite  being  gradoal,  and  being  brongbt  about  by  a  prolonged  action 
of  water,  f 

p€ai  abundant  in  add  and  humid  tlimaiet^'Beai  ia  aometimea 
formed  on  a  declivity  in  mountainous  regional  wh^  them  is  much 
moisture ;  but  in  anch  situations  it  rarely,  if  ever,  excoeds  four  feet  in 
thiclciiess.  In  bogs,  and  in  low  grounds  into  which  alluvial  j>cat  is 
drifted,  it  is  found  forty  feet  thick,  and  upwards  ;  but  in  such  cases  it 
gcruTally  owes  one  halt'  of  its  volume  to  the  water  which  it  contains. 
It  seldom,  if  ever,  been  discovered  wiifiin  thf  tropics;  and  it  rarely 
occurs  iu  tho  valleys,  even  in  the  soulli  ul  I  ranco  and  Spain.  It 
abounds  more  and  more,  in  proportion  as  we  advance  farther  from  the 
equator,  and  beeomea  not  only  more  frequent  but  more  inflammable  in 
nortbem  latitudes.! 

Tbe  aame  pbenomenon  ia  repeated  in  tbe  aoutbera  bemiapbere.  No 
peat  is  foottd  in  Brazil,  nor  even  in  the  swampy  parte  of  tbe  conntty 
drained  by  the  La  Plat*  on  tbe  east  side  of  Sontb  America,  or  in  tbe 
island  of  Chiloe  on  the  west;  yet  when  we  reach  the  45th  degree  of 
latitude  and  examine  tlie  Chonos  Archipelago  or  the  Falkland  Islands, 
and  Tierra  del  Fuego,  we  meet  with  an  abundant  growth  of  this  sub- 
stance. Almost  all  plants  contribute  here  l>y  their  decay  to  the  pro- 
duction of  jxat^  even  the  grasses;  but  it  is  a  sing^ular  fact,  says  Afr. 
Darwin,  as  contrasted  with  what  occurs  in  Europe,  that  no  kind  of 
moss  enters  into  the  composition  of  the  South  American  peat,  which 
ia  formed  by  many  plants,  but  chiefly  by  that  oalled  bj  Brown  Mkha 
pumUa^ 

I  learn  from  Dr.  Forebbammer  (1849)  that  water  cbaiged  with  vege* 
table  matter  in  solution  does  not  throw  down  a  depoait  of  peat  In 

countries  where  the  mean  temperature  of  tbe  year  is  above       or  ii^ 

Fahrenheit.  Frost  causes  the  precipitation  of  such  peaty  matter,  but 
in  warm  climates  the  attraction  of  the  carbon  for  the  oxygen  of  the  air 
mechanically  mixed  with  the  water  inrrrases  with  the  increasing  tem- 
perature, and  the  dissolved  vegetable  matt'^r  or  humic  acid  (which  is 
organic  matter  in  a  progressive  state  of  decomposition)  being  converted 
into  carlHuiio  acid,  rises  and  is  absorbed  into  the  atmosphere,  and  thus 
disappears. 

*  Iriflh  Bog  Reports,  p.  209.  f  ^4tem  of  Geolosy,  vol.  iL  p.  868. 

X  R«v.  Dr.  aeimie  on  Peat,  pw  %m,   |  iMnria's  JMnuU,  p.  349. ;  2d  ed.  p  289 
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£xUnt  of  tur/ace  covered  by  peat. — There  is  a  vast  extent  of  surface 
in  Europe  covered  with  peat,  which,  in  Ireland,  is  said  to  extend  over  a 
tenth  of  the  wliole  ishind.  One  of  the  mosses  on  the  Shannon  is 
described  as  Ujiug  fifty  miles  long,  by  two  or  three  broad ;  aud  the  greai 
marsh  of  Montoire,  near  the  mouth  of  the  Loire,  is  mentioned,  by 
Blavier,  as  being  morQ  than  fifty  It^agues  iu  circumference.  It  is  a 
carious  and  weU-ascertained  fact,  that  many  of  these  moBSea  of  the  north 
of  Europe  oocnp^r  the  place  of  forests  of  pine  and  oak^  which  hare^  many 
of  them,  disappeared  within  the  hktoacal  era.  Such  ehaogcs  are 
brought  abont  by  the  (kll  of  trees  and  the  stagnation  of  water,  cansed 
by  ^eir  t^unka  and  branches  obstruetii^  the  free  dninage  of  the 
atmospheric  waters,  and  giving  rise  to  a  marsh.  In  a  warm  climate, 
such  decayed  timber  would  immediately  be  remored  hf  inseets^  or  by 
putrefaction ;  but,  in  the  cold  temperature  now  prevailinj^  in  our 
latitudes,  many  examples  are  recorded  of  marshes  originating  in  this 
source.  Thus,  in  Mar  forest,  in  Aberdeenshire,  large  trunks  of  Scotch 
fir,  which  had  fallen  from  age  and  decay,  were  soon  immured  in  peat, 
formed  partly  out  of  their  perishing  leases  and  l>raiulie»,  and  in  part 
frum  ilio  growth  of  other  plauL*.  Wo  also  learu,  that  the  overthrow  of 
a  forest  by  n  storm,  abont  the  middle  of  the  serenteenth  century,  gave 
'  rise  to  a  peat-mcas  near  Lochbroom,  in  Rosa^ire,  where,  in  less  than 
half  a  century  after  the  M  of  the  treesi  the  inhabitants  dng  peat*  Br. 
Walker  mentions  a  similar  change^  when,  in  the  year  1750,  the  wh^ 
wood  of  Drumlauttg  in  I>nmfncs-shire  was  overset  by  the  wind.  Snch 
events  explain  the  oocurrence,  both  in  Britain  and  on  the  Continent,  of 
WOSBee  where  the  trees  are  all  broken  witliin  two  or  three  feet  of  the 
original  surface,  and  where  their  trunks  all  lie  in  tho  same  direction.f 

It  may  however  be  sugj^-estcd  iu  these  cases,  that  the  soil  had  become 
exhausted  for  trees,  and  that,  on  the  principle  of  that  natural  rotafJon 
which  prevails  in  the  vegetable  world,  one  set  of  plants  died  out  and 
another  succeeded.  It  is  certainly  a  remarkable  faet  that  in  the 
Danish  islands,  and  in  Jutland  and  HoUtein,  fir  wood  of  various  gp^-ci*^, 
espeeinlly  Scotch  ilr,  is  found  at  the  bottom  of  the  peafr-mossee,  altliough 
it  is  well  aaoertuned  that  for  the  last  five  centuries  no  Conifem  have 
grown  wild  in  these  countries;  the  coniferous  trees  which  now  flourish 
diere  having  been  all  planted  towards  the  dose  oTthe  last  century. 

Notbinor  is  more  common  than  the  occurrence  of  buried  trees  at  the 
bottom  of  the  Irish  peat-mofses,  as  also  in  mo  t  f  ihom  of  England, 
France,  and  Ilolland;  and  they  have  been  so  often  observed  vnth  parts 
of  their  trunks  standing  erect,  and  with  their  roola  fixed  to  the  subsoil, 
tliat  no  doubt  can  be  entert-ained  of  their  having  generally  grown  on 
tho  spot.  They  consist,  for  the  most  part,  of  the  fir,  the  oak,  and  the 
birch  :  where  the  subsoil  is  clay,  the  remains  of  oak  are  the  most  abun- 
dant; where  saud  is  the  substratum,  fir  prevails.  In  the  marsh  of 
Cnrragh,  in  the  Isle  of  Man,  vast  trees  are  discovered  standing  firm  ou 

•BeBaie'sENsysenPsat^p^eff.  flhi&pwia 
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thdr  roots,  tlioogh  at  the  depth  of  «]gfateea  or  twraty  feet  below  the 
suifaoe.  Some  Daturalists  have  desired  to  refer  the  imbedding  of  timber 
in  peatrtnosses  to  aqneons  transportation,  siaoe  rivers  ^re  well  known 
to  float  wood  into  lakes ;  but  the  fiusts  above  mentioned  show  thal^  in 
numerous  instance,  such  an  hypothesis  is  inadmissiHei  It  has,  more- 
over, bee  n  o!  served,  that  in  Scotland,  a$  also  in  many  parts  of  the  Con- 
tinent, the  largest  trees  are  found  in  those  peat-mosses  which  lie  in  the 
least  elevated  renions,  and  that  the  trees  nro  proportionally  smaller  in 
those  wliich  lie  at  higher  levels;  tVoin  wliich  fact  Do  Luc  and  Walker 
have  both  interred  that  the  trees  grew  on  the  spot,  for  they  would 
nalurally  attain  a  greater  size  in  lower  and  warmer  levels.  The  leaves, 
also,  and  huiu  of  each  species,  are  continually  found  immersed  in  the 
moss  along  with  the  parent  trees ;  as,  for  example,  the  leaves  and  acorns 
of  the  oak,  ihe  cones  and  leaves  of  the  fir,  and  the  nuts  of  the  baiel. 

Meemi  origin  of  tome  peat-mottfs, — ^In  Hatfield  moss^Jn  Yorkshire^ 
which  appears  clearly  to  have  been  a  forest  eighteen  hundred  yean 
ago,  fir-trees  have  been  found  ninety  feet  long,  and  sold  for  masts  and 
keels  of  ships ;  oaks  have  also  been  discovered  there  above  one  hundred 
feet  long.  The  dimensions  of  an  oak  from  this  moss  are  given  in  the 
Philosophical  Transactions,  No.  275,  which  must  have  been  larger  than 
any  tree  now  existing  in  the  British  dominions. 

In  the  same  moss  of  ]Iatficld,  as  well  as  in  that  of  Kincardine,  in 
Scotland,  and  several  other*,  Iloman  roads  have  been  found  covered  to  the 
depth  of  eight  feet  by  peat.  All  the  coins,  axes,  arms,  and  other  uten- 
sils found  in  British  and  French  mosses,  are  also  I^oiuau ;  so  that  a 
oonsiderable  portion  of  the  peat  in  European  peat-bogs  is  evidently  not 
more  ancient. than  the  age  of  Jnlios  Caesar.  Nor  can  any  vestigea  of 
the  ancient  forests  described  by  that  general,  along  the  line  of  the  great 
Roman  way  in  Britain,  be  discovered,  except  in  the  mined  trunks  of 
trees  in  peat 

Dc  Luc  ascertained  that  the  very  sites  of  the  aboriginal  forests  of  Her^ 
cinia,Semana,  Ardennes,  and  several  others,  are  now  occupied  by  mosses 
and  fens ;  and  a  great  part  of  these  changes  have,  with  much  probability, 
been  attributed  to  the  strif't  ortU  rs  rnven  by  Severus,  and  other  emperors, 
to  flestroy  all  the  wpod  in  the  eon<|uered  provinces.  Several  of  the 
British  forests,  however,  which  are  now  m  <ses,  were  cut  at  different 
periods,  by  order  of  the  English  parliament,  because  they  harbored  wolves 
or  outlaws.  Thus  the  Welsh  woods  were  cut  and  burned,  in  the  rdgn 
of  Edward  I. ;  as  were  many  of  those  in  Ireland,  by  Henry  II.,  to  pre- 
vent the  natives  from  harboring  in  them,  and  harassing  his  troops. 

It  is  curious  to  reflect  that  considerable  tracts  have^  by  these  acci- 
dents^ been  permanently  sterilised,  and  that,  during  a  period  when  civi- 
lisation has  been  making  great  progress,  large  areas  in  Europe  have,  by 
human  agmcy,  been  rendered  less  capable  of  administering  to  the 
ifanti  of  man.  Bennie  observes,*  with  truth,  that  in  those  regions 

*Ema,y»  on  Fest^  dke;  p.  74 
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alone  which  the  Roman  eagle  never  reached — in  the  remote  cirdes  o. 
the  Gennan  empire,  in  Poland  and  Pruana,  and  still  more  in  Nofwaj 
Sweden,  and  the  vast  empire  of  PLUssia — can  we  see  what  Europe  waa 
before  it  yielded  to  the  power  of  Rome.    Desolation  now  reicrns  where 
stately  forests  of  pine  and  oak  once  f!onrislied,  such  aa  might  now  have 
supplied  all  the  navies  cf  Europ*j  witii  timber. 

Sources  of  boy  iron-ore. — At  the  bottom  of  peat-tnu»>t;.s  there  it 
sometimes  found  a  cake,  or  "pan,"  as  it  is  termed,  of  oxide  of  iron, 
and  the  frequcncy.of  bog  iron-ore  is  familiar  to  the  mineralogist.  Xho 
oak^  which  is  so  often  dyed  black  in  peat,  owes  its  color  to  the  aame 
metal.  From  what  source  the  iron  is  derived  has  often  been  m  snljeel 
of  ^iacnssionf  until  the  discoveries  of  Khrenbeig  seem  at  length  to 
have  removed  the  difficulty.  He  had  observed  in  .the  marshes  shout 
Berlin  a  sulmtance  of  a  deep  ochre  yellow  passing  into. red,  which 
covered  the  bottom  of  the  ditches^  and  which,  where  it  had- become  dry 

after  the  evaporation  of  the  water,  appeared  exactly 
'  Hko  oxide  of  iron.  ]>ut  under  the  microscope  it  was 

^^^3^'— '        found  to  consist  of  slender  articulated  threath  or 

 plates,  partly  siiiccons  and  partly  ferruginous,  of 

rvte-^'^ir^-^-'^-'rf'^W  what  h<3  considered  an  animalcule,  Gaillondla /er- 
OciUtntU*  ferrwgimea.  ruffinea,  but  which  nimt  naturalists  now  regaril  as 
«.  soosiiMtiifeffBiS*  ^  plant.*    Thero  can  be  liille  doubt,  therefore,  thai 
bog  iron-ore  consists  of  an  aggregate  of  millions  of  these  oiganio  bodies 
invisible  to  the  naked  eye.f 

Prtarvation  of  ammal  tuhtlaneet  m  — One  interesting  cireom- 
stsnce  attending  the  history  of  peat  mosses  is  the  high  state  of  preser- 
vation of  animal  substances  buried  in  them  for  periods  of  many  yeais. 
In  June,  1747,  the  body  of  a  woman  was  found  six  feet  deep,  in  a  peat- 
moor  in  the  Isle  of  Axholm,  in  Lincolnshire.  The  antique  sandals  on 
her  feet  afforded  evidencf*  of  her  having  been  bnno<l  tlu  re  t*>r  many  acr^^: 
yet  her  nail'*,  hair,  and  skin,  are  d^f»cribed  as  having  shown  hardly  any 
m-uk^  of  decay.  On  the  estate  of  the  Earl  of  Moira,  in  Irvland,  a  hnnian 
b<xly  was  dnp^  up,  a  foot  deep  in  gravel,  covered  with  eleven  fct  of 
mosft ;  the  body  was  completely  clothed  and  the  garments  seemed  all  to 
be  made  of  hair.  Before  the  use  of  wool  was  known  in  that  oounti}* 
tiie  ckilUng  of  the  inhabitants  was  made  of  hair,  so  that  it  would  appear 
that  this  bddy  had  been  buried  at  that  eariy  period;  yet  it  was  fieih  and 
nnimpaired.t  In  the  Philosophical  TransadiODS  we  find  an  ezanipiB 
recorded  of  the  bodies  of  two  persons  having  been  bmied  in  moist  peat^ 
in  Derbyshire,  in  1674,  about  a  yard  deep,  which  were  examined  twenty- 
eight  years  and  nine  months  afterwards ;  "  the  color  of  tlu  ir  akin  was 
fair  and  natural,  their  flesh  soft  as  that  of  pcr<?on5?  newly  dead."§ 
Among  other  analogous  facts  we  may  mention,  that  in  digging  a  pit 

•  Bee  above,  p.  888,  note. 

+  Ehrenbcr^,  Taylor's  Scientific  ircm.  vol.  L  part  iii.  p.  402, 

I  Dr.  Bennies  on  P«at^  p.  621 ;  where  wwtsnX  other  iMtsiiees  are  releired  ml 

\  Pha  IVans.,  toL  mrOi  1784. 
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for  a  well  near  Dulverton,  in  Somei-sctsliire,  many  piga  were  found  in 
various  postures,  still  entire.  Their  shape  was  well  pro«^Ar\'ed,  the  skin, 
whicli  retained  iho  liair,  having  assumed  a  dry,  membranous  appearance. 
Tht'ir  wholo  substanco  was  converted  into  a  white,  friable,  laminated, 
inodorous,  and  tasteless  substance;  but  which,  when  exposed  to  heat, 
emitted  an  odor  precisely  similar  to  broiled  bacon.* 

Guut  of  tkf  anUteplic  property  of  peaL—^We  naturally  as}c  whence 
|ieftt  derivee  this  antiseptic  property  f  It  has  been  attribated  by  lome  to 
the  carbonio  and  gallic  tads  wbidi  iasoe  iram  decayed  wood,  as  also  to 
the  presence  of  chaired,  wood  in  the  lowest  strata  of  many  peat-nio88ee| 
fi>r  charcoal  is  a  powerful  antiaeptici  and  capable  of  puriffring  water 
nlready  ])utrid.  Vc^petable  gums  and  renns  aho  may  operate  in  the 
aanie  ^vay.f 

The  tannin  occasionally  present  in  peat  is  the  produce?,  eays  Dr.  Mac- 
Culloch,  of  tormeniilla,  and  some  other  plants;  bnt  the  quantity  he 
thinks  too  small,  and  iUi  occurrvsnce  too  uusUiil,  to  give  rise  to  effects  of 
any  importance.  He  hints  lliat  the  soft  parts  of  animal  bodice,  preserved 
in  peat-bogs,  may  hare  been  conTerted  into  adipodve  by  the  action  of 
water  merely ;  an  explanation  which  appears  clearly  applicable  to  some 
of  the  cases  above  enumerated .| 

Miring  of  quadrupeds. — Tho  manner,  however,  in  which  peat  con- 
tribute to  presen-p,  for  indefinite  periods,  the  harder  parts  of  terrestrial 
finimals,  is  a  subject  of  mor<'  immediate  interest  to  the  geologist.  There 
ai  <  iwo  ways  in  which  animals  become  occasioually  buried  in  the  peat 
(It  mai-shy  grounds ;  1  hey  either  sink  down  into  the  s<-mitluid  mud,  un- 
derl}Ting  a  turiy  surJace  upon  which  they  have  rashly  ventured,  or,  at 
other  tim(»,  as  wo  shall  see  in  the  sequel,  a  bog  "  bursts,"  aud  animals 
maybe  involved  in  the  peaty  aUuviam. 

Li  the  extensive  bogs  of  Newfoondland,  cattle  are  sometimes  found 
bniied  with  only  tfadr  heads  and  necks  above  ground ;  and  after  having 
remained  for  dap  in  this  situation,  they  have  been  drawn  out  by  ropes 
and  saved.  In  Scotland,  also,  cattle  venturing  on  the  "  quaking  moss** 
are  often  mired,  or  "laired,"  as  it  is  tenned ;  and  in  Ireland,  Mr.  Kinj^ 
asserts  that  the  number  of  cattle  which  are  lost  in  sloughs  is  quite 
incredible.^ 

Solwotj  moss. — Tho  description  given  of  the  Sol  way  moss  will  serve 
to  iilustratii  the  general  character  of  these  boggy  grounds.  That  moss, 
observes  Gilpm,  is  a  fiat  area,  aboirt  seven  miles  in  circumftrence^  situated 
on  the  western  confines  of  England  and  Soodand.  Its  suifiuie  is  covered 
with  grass  and  rushes,  presenting  a  diy  erast  and  a  &ir  appearance ; 
bul  it  shakes  under  the  least  pressure,  ihe  bottom  being  unsound  and 
semifliiid.  The  adventurous  passenger,  therefore^  who  sometimes  in  diy 
seasons  trovenes  this  perilous  waste,  to  save  a  few  miles,  picks  his  cautious 
way  over  the  rushy  tussocks  as  they  appear  before  him,  for  here  the  soil 

♦  Dr.  Rennio,  onPea^  A&,     Ml.       1  Syst  of  Geol.  v  1.     pp.  S40— 
f  Ibid.  p.  631.  i  Phil.  Trana.  v&L  xv.  p.  tf49. 


Digitized  by  Google 


724 


OBBAT  DISMAL  SITAMP. 


[Cn.  ZLT  « 


18  firmest.   If  his  foot  alip^  or  if  hd  renture  to  desert  this  mark  of  men 

rity,  it  is  possible  he  may  never  more  be  heard  of. 

"At  tho  battle  cf  Solway,  in  the  time  of  Henry  Vill.  (1542),  when 
the  Scotch  arrnv,  r nminanded  hj  Oliver  Sinclair,  was  roufeil.  nn  unforta- 
nate  tro'»[)  of  iior>*',  <lriven  by  their  fears,  plunged  iutothis  nionv^s,  .which 
instantly  closed  ujx^n  them.  The  tale  was  traditional,  but  it  is  now 
authenticated ;  a  man  and  horse,  in  complete  armor,  having  been 
found  by  peat-diggers,  in  the  place  where  it  was  always  supposed  the 
Affiur  had  happened.  The  skeletoii  of  each  wito  well  pieeenred,  and  the 
diflfoient  parts  of  the  armor  eaailj  distinguished.'** 

The  same  moss^  on  the  lAlh  of  Decmber,  1772,  having  been  filled 
like  a  great  ^xmge  with  water  during  heavy  rains,  swelled  to  an  tmosnal 
height  above  the  surrounding  country,  and  then  buret.  The  turfy  cover- 
ing seemed  for  a  time  to  act  like  the  skin  of  a  bladder  retaining  the 
fluid  within,  till  it  forced  a  passa^-o  for  itself,  when  a  stream  of  black 
half-consolidated  mud  l^'j^an  at  tint  to  creep  over  the  plain,  resembling-, 
in  the  rate  of  it.s  progre.ss,  an  ordinary  lava-current.  No  livt-s  werv  lost, 
but  the  delude  totally  overwhelnie  1  some  c^ttasfes,  and  covered  400  acres. 
The  highest  partii  of  the  original  mosb  bubt»ideU  to  the  depth  of  about 
twenty-five  feet ;  and  the  height  of  the  mosB^  on  the  lowest  parts  of  tho 
oountry  wUoh  it  invaded,  was  at  least  fifteen  feet 

Bwntmg  tf  a  petU-moit  in  Ir^and.-^A  reoent  inundation  in  SUgo 
(January,  1831),  afibids  another  eiample  of  dns  phenomenon.  After  a 
sudden  thaw  of  snow,  the  bog  between  Bloomfield  and  Geevah  gave  way ; 
and  a  black  deluge,  carrying  with  it  the  contents  of  a  hundred  acres  of 
bog,  took  the  direction  of  a  small  stream  and  rolled  on  with  the  violence 
of  a  tfrr.-nf,  swccpinfr  nlong-  heath,  timber,  mud,  and  ston>''s,  and  over- 
whelming; manv  mead<)\\s  and  aral)le  land.  On  passing  throug-h  sonn' 
boggy  land,  the  flood  s\>ej>t  out  a  ^Yide  and  deep  ravine,  and  part  ot  the 
road  leading  from  liloomfield  to  St.  James's  Well  was  completely 
carried  away  from  below  the  foundation  for  the  breadth  of  200  yards. 

GFreai  Ditmal  AMinp.— I  have  desmbed,  in  my  Ttkt^  in  North 
America,f  an  extensive  swamp  or  moraas^  forty  miles  long  fiom  north 
to  south,  and  twenty-five  wide,  between  the  towns  of  Norfolk  in  Yiigiiua, 
and  Weldon  in  North  Carolina.  It  is  called  the  Great  Dismal,"  and 
has  somewhat  the  appearanee  of  an  inundated  river-plain  covered  with 
aquatic  trees  and  shrubs,  the  soil  being  as  black  as  that  of  n  peat  bog. 
It  is  higher  on  all  sides  except  one  than  the  surrounding  countr}',  towards 
which  it  sends  forth  streams  of  water  to  the  north,  east,  and  south,  r<s 
ceiving  a  8up]»ly  from  the  west  only.  In  its  centre  it  ris<:'S  12  tVet  a))0v»i 
the  flat  region  which  bounds  it  The  soil,  to  the  dejith  of  15  f<.et,  is 
formed  of  vegetable  matter  without  any  admixture  of  eartliv  ]»artiele«, 
and  ofllers  an  exception  to  a  general  rule  before  alluded  to,  namely,  that 
such  peaty  aocnmidations  acaioely  ever  occur  so  &r  south  as  lat  86^,  ok 
in  any  region  where  the  summer  heat  is  so  great  as  in  Viiginia.  Ib  d^* 

*  Gilpin,  Observ.  on  Picturesque  BeaaVy,  Ac^  1112. 
f  Tnf^  ^  in  IMl,  184^  vol  i  p.  141. 
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ging  canals  through  the  morass  far  the  purpose  of  obtaining  timber,  * 
much  of  the  blaclc  soil  luis  be<:'n  thrown  out  from  lime  to  tiriK',  and  ex- 
posed to  the  sun  m<\  air,  in  wliirh  case  it  soon  rots  away  so  that 
nothing  remains  bchim],  showing  clearly  that  it  owes  its  preservation  tc 
the  fihade  afforded  by  a  hixuriant  vegetation  and  to  the  constant  evapo- 
ration of  the  spongy  soil  by  which  the  air  is  cooled  during  the  hot 
moDtba.  The  surface  of  the  b<^  is  carpeted  with  mosses,  and  densely 
covered  with  fenw  and  reeds^  above  wbioh  aumy  evergreen  ehrabs  and 
trees  flourish,  especially  the  White  Cedar  {Cupresnu  tkyoides)^  which 
stands  firmly  Biq^iorted  b j  its  loi^  tap  roots  in  the  softert  parts  of  the 
quagmire.  Over  the  whole  the  deciduous  cypress  ( Taxodium  dtsti^m) 
is  seen  to  tower  with  its  spreading  top,  in  full  leaf  in  the  season  when 
the  son's  rays  arc  hottest,  and  when^  if  not  intercepted  by  a  screen 'of 
r.'liage,  they  might  wx>n  cause  tlio  falk  n  It  aves  and  dead  plants  of  the 
preceding  autumn  to  decompose,  instead  of  adding  their  contributioTm  to 
the  peaty  ma-«s.  Uu  the  surface  of  the  wide  morass  lie  innumerable  trunk>* 
of  large  and  tall  trees,  while  thousands  of  others,  blown  down  by  the 
winds,  are  buried  at  various  depths  iu  the  black  mire  below.  They  re- 
mind the  geologist  of  the  prostrate  position  of  large  stems  of  SigUlaria 
and  Lepidodendron,  converted  into  cosl  in  andent  carboniferous  rocks. 

^oiiss  t^herbiwrwu  fuadrupedi  In  jMol^Tho  antlers  of  laige  and 
fiilUgrown  stags  are  amongst  the  most  common  and  oonsptcoons  remains 
of  animals  in  peat  They  are  not  horns  which  have  been  shed ;  foi 
portions  of  the  skull  are  found  attached,  proving  that  the  whole  animal 
perished.  Bones  of  the  ox,  hog,  horse,  sheep,  and  other  herbivorous 
animals,  also  occur.  M.  Morrcn  has  discovered  in  the  peat  of  Flanders 
the  bones  of  otters  and  beavers*  ;  but  no  remains  have  Ix^en  met  with 
belonn^ing  to  those  extinct  quadrupeds,  of  which  the  living  congeners 
inhabit  warmer  latitudes,  such  as  the  elephant,  rhinoceros,  hippopota- 
mus, hyaena,  and  tiger,  though  these  are  so  common  iu  superficial 
deposits  of  silt,  mud,  sand,  or  stalactite,  in  various  districts  throughout 
Qreat  Britain.  Their  absence  seems  to  imply  that  thejr  had  ceased  to 
five  before  the  atmosphere  of  this  part  of  the  world  acquired  that  cold 
and  hnmid  character  which  fiivoTs  the  growth  of  peaL 

Mtmaint  thipt,  in  peat  motses. — From  the  facts  before  men- 
tioned, that  mosses  occasionally  burst,  and  descend  in  a  fluid  state  to 
lower  levelsi  it  will  readily  be  seen  that  lakes  and  arms  of  the  sea  may 
occasionally  become  the  receptacles  of  drift  peat.  Of  this,  accordingly, 
there  are  numerous  examples;  and  hence  the  alternations  of  clay  and 
sand  with  different  deposits  of  peat  so  frequent  on  some  coai>Us,  as  on 
those  of  the  Baltic  and  German  Ocean.  Wo  are  informed  by  Deguer, 
that  remains  of  ships,  nautical  instruments,  and  oars,  have  been  found 
m  many  of  the  Dutch  mosses ;  and  Gerard,  in  his  History  of  the  Valley 
ol  the  Somme,  mentioDe  that  in  the  lowest  tier  of  that  moss  was  fomid 
ft  boat  loaded  with  bri^  proving  that  these  mosses  were  at  one  period 

*  BuDetia  de  k  8oc  GteL  de  nane^  teoL  iL  p.  Sei 
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navigaLle  lakes  and  arms  of  tho  sea,  as  were  also  many  mosses  on  the 
coast  of  Picardy,  Zealand,  and  Friesland,  from  which  soda  and  salt  are 
procured.*  The  canoes,  stone  hatchets,  and  stone  arrow-heads  found 
in  peat  in  different  parts  of  Great  Britain,  lead  to  similar  conclusion*. 

Imbedding  of  human  and  other  remains,  and  works  of  Artj  in 

Blown  Sand. 

The  drifting  of  sand  may  next  be  considered  among  tho  cause* 
capable  of  preserving  organic  remains  and  works  of  art  on  the  emerged 
land. 

African  Sands. — The  sands  of  tho  Afr'can  deserts  have  been  driven 
by  the  west  winds  over  part  of  the  arable  land  of  Egypt,  on  the  west- 
ern bank  of  tho  Nile,  in  those  places  where  valleys  open  into  the  plain, 
or  where  there  are  gorges  through  the  Libyan  mountains.  By  similar 
sand-drifts  the  ruins  of  ancient  cities  have  been  buried  between  the 
temple  of  Jupiter  Ammon  and  Nubia.  M.  G.  A.  De  Luc  attempted  to 
infer  the  recent  origin  of  our  continents,  from  the  fact  that  these  moving 
sands  have  arrived  only  in  modem  times  at  the  fertile  plains  of  the  Nile, 
The  same  scourge,  he  said,  would  have  afflicted  Egypt  for  ages  anterior 
to  the  times  of  history,  had  the  continents  risen  above  the  level  of  the 
sea  several  hundred  centuries  before  our  era.f  But  the  author  proceeded 
in  this,  as  in  all  his  other  chronological  computations,  on  a  multitude  of 
gratuitous  assumptions.  He  ought,  in  the  first  place,  to  have  demon- 
strated that  the  whole  continent  of  Africa  was  raised  above  the  level  of 
the  sea  at  one  period ;  for  unless  this  jwint  was  established,  the  region 
from  whence  tho  sands  began  to  move  might  have  been  the  last  addition 
made  to  Africa,  and  the  commencement  of  the  sand-flood  might  have 
been  long  posterior  to  the  laying  dry  of  the  greater  portion  of  that  con- 
tinent. That  the  different  parts  of  Europe  were  not  all  elevated  at  one 
time  is  now  generally  admitted.  Do  Luc  should  also  have  pointed  out 
the  depth  of  drift  sand  in  various  parts  of  the  great  Libyan  deserts,  and 
have  shown  whether  any  valleys  of  large  dimensions  had  been  filled  uj) — 
how  long  these  may  have  arrested  tho  progress  of  the  sands,  and  how  far 
the  flood  had  upon  tho  whole  advanced  since  the  times  of  history. 

We  have  seen  that  Sir  J.  G.  Wilkinson  is  of  opinion  that,  while  the 
sand-drift  is  making  aggressions  at  certain  points  upon  the  fertile  soil  of 
Egypt,  the  alluvial  deposit  of  the  Nile  is  advancing  very  generally  upon 
the  desert ;  and  thfit,  upon  the  whole,  tho  balance  is  greatly  in  favor  of 
the  fertilizing  mud.J 

No  mode  of  interment  can  bo  conceived  more  fiivorable  to  tlio  conser- 
vation of  monuments  for  indefinite  periods  than  that  now  so  common  in 
the  region  immediately  westward  of  tho  Nile.  The  sand  which  sur- 
rounded and  filled  tho  great  temple  of  Ipsambul,  first  discovered  bj 

•  Eh-.  Rennie,  Essays  on  Peat  Mosa,  p.  20^. 

ill  G.  A-  Do  Luc,  Mercure  de  France,  Sept  1809. 
See  p.  262, 
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Burokhardt,  and  aftwwaids  partially  uncovered  bjBeboai  and  Bee  Jiey, 
•was  so  fine  as  to  rcseinblo  a  fluid  wlieo  put  in  motion.  Neither  the 
features  of  the  colossal  figures,  nor  the  color  of  the  stucco  with,  whiob 
finmo  were  cnvcrod,  nor  the  paintings  on  the  wall^,  had  received  aaf 
iiijury  iV  im  h  •ing  enveloped  for  ages  in  this  dry  impalpable  dust.* 

At  some  tuture  period,  perhaps  w lien  the  pyramids  shall  have  perished, 
the  action  of  the  sea,  or  an  earthquake,  may  lay  open  to  tlio  day  some  of 
thG&o  buried  temples.  Or  we  may  suppose  the  desert  to  remain  undi»> 
tarbcd,  and  chaij^es  in  the  surrouhdiog  sea  and  land  to  modify  the* 
dimate  and  the  direotion  of  the  pravaaling  winds,  so  that  these  may  then 
waft  away  the  Libyan  sandi'  as  gtadually  as  they  once  hrougfat  them  to 
*  those  legions.  Thos,  many  a  town  and  temple  oif  higher  antiquity  than 
Thebes  or  Memphis  may  reappear  in  thdr  original  vitiqmt^,  and  a 
part  of  the  gloom  which  overhangs  the  histoiy  of  the  earlier  nations  be 
dispelled.  * 

Whole  caravans  are  said  to  have  been  overwhelmed  by  the  Libyan 
sands;  and  Bnn  khardt  informs  us  that '*  after  p;issini^  the  Akaba  near 
the  head  of  tlie  lied  Sea,  the  bones  of  dead  camels  arc  the  only  griides  of 
the  pilgrim  tlirough  the  wastes  of  sand." — "We  did  not  see,"  says  Cap- 
tain Lyon,  speaking  of  a  plam  near  the  Soudah  mountaius,  iu  >Jorthern 
Africa,  "  the  least  appearance  of  vegetation ;  but  cbsenred  many  skele-' 
tons  of  animals,  which  had  diedof  fiitigne  on  the  desert,  and  occasionally 
flie  grave  of  some  human  being.  All  these  bodies  were  so  dried  by  the 
heat  of  the  sun,  that  pntiefiMstion  appeais  not  to  have  taken  place  after 
death.  In  recently  expired  animals  I  could  not  perceive  the  slightest 
offensive  smell ;  and  in  those  long  dead,  Uio  skin  with  tlio  hair  on  it 
remained  unbroken  and  perfect,  ahhougfa  so  brittle  as  to  break  with  a 
sliirht  blow.  The  sand-winds  never  cause  these  carcases  to  chanofci  (heir 
plac^ ;  for,  in  a  short  time,  a  slight  mound  is  formed  round  them,  and 
they  become  stationary ."f 

Toimn  nvertchelm^  by  sand  jUmhIs, — ^The  burying  of  sev^-ral  towns  and 
villages  in  England,  1^'runce,  and  Jutland,  by  blown  sand,  is  on  record ; 
thus,  for  example,  near  St  Pol  de  Leon,  in  Brittany,  a  whole  village  was 
completely  buried  benesth  drift  sand,  so  that  notldng  waa  seen  Imt  the 
spire  of  the  church^  In  Jutland  marine  shells  adhering  to  searweed  aie 
sometimes  blown  by  the  violence  of  the  wind  to  the  height  of  100  feet, 
and  buried  in  similar  hlUs  of  sand. 

In  Suffolk,  in  the  year  1688,  part  of  Downham  was  overwhelmed  by 
sands  which  had  broken  loose  about  100  years  before,  from  a  warren 
five  miles  to  the  sonth-west.  This  sand  had,  in  th*'  com^e  of  a  century, 
travelled  five  miles,  and  covered  more  than  1000  acres  of  laiid.§  A  con- 
siderable tnict  of  cultivated  land  on  the  north  coast  of  Cornwall  ha.s  been 
inundated  by  drill  sand,  forming  hUls  several  hundred  feet  above  the 

•  Pfrutfon.  E.I  Phil.  .Tourn.,  Xo.  v.  p.  02. 

t  Travels  in  liorth  Africa  in  the  Years  1818, 1819.  and  I82Q|  p.  68. 

i  mm,  d«rAe«d  d«t8eL  de Fsiiib  X?9S>  8m  slso  tbe  sass  of  the  boried 

church  of  Ecoles,  above,  p.  S06. 
§  FhiL  Traiui,  vol  il  722. 
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teirel  of  &e  aea,  and  composed  of  oomminiited  marine  flbfllkyb  uludifloiiie 
teifertrial  ahella  are  enckned  entire^  By  the  ahifting  of  Uuee  aaoda  ihib 
rtiina  cf  anoient  buildings  Iiave  been  discovered ;  and  in  aome  cases  vliere 
welb  h&vQ  been  bored  to  a  great  deptbf  distinct  strata,  sepazsfced  by  a 

vegetable  cnist,  are  visiblo.  In  some  places,  as  at  New  Quay,  larcre  masw» 
have  become  sufficiently  in<lura(ed  to  l»o  ii^ed  for  architectural  purpusti'w 
The  lapidification,  ^vliicli  is  Nfill  in  pro<^r»:'Ss,  ai)j>oars  to  bo  due  to  oxide  0( 
iron  held  in  solution  by  the  water  which  percolates  the  sand.* 

■ 

Imbedding  of  Organic  and  o^£r  Bemaim  in  Vokanie  IbnnaHau  m 

the  Land, 

1  have  in  some  de^^ree  anticipated  the  subject  of  tlus  section  io  former 
chaptere,  when  speaking  of  the  buried  cities  around  Naples,  and  those 
on  the  flanks  -of  Etna  (pp.  885.  400.).  From  fhe  facts  referretl  to,  it 
app'rired  that  tlio  proservation  of  huiuau  remains  and  works  o{  art  is 
frequently  due  to  the  descent  of  tloods  caused  by  the  copious  rains  whidi 
accompany  eruptions.  These  aqueous  lav&s,  as  they  are  calle^l  iu  Cam- 
pania, flow  with  great  rapidity,  and  in  1822  surprised  and  suflfocated,  as 
was  stated,  seven  peisons  in  the  villages  of  St  Bdiastian  and  IisBi%  on 
the  flanks  of  Vesuvius. 

In  the  tuflsy  moreover,  or  solidified  mud,  deposiled  by  these  aqueous 
lavas,  impressions  of  leaves  an«I  f  tn^es  have  been  observed.  Some  of 
those^  fonned  after  the  eruption  of  Vesuvius  in  1822,  are  now  pteserred 
in  the  museum  at  Naples. 

Lava  itself  may  become  indirectly  the  means  of  presen'inix  tr-rrc^strial 
remains,  by  overflowing  beds  of  ashes,  piimic^',  and  ejected  matt«ir,  which 
may  have  Ikjcu  showered  down  upon  animals  and  plants,  or  upon  huujan 
remains.  Few  substances  are  Ix^tter  non-conductors  heat  ihuu  volcanic 
dust  and  scoriae,  so  that  a  bed  of  such  matoriah  is  nanfy  mdted  hy  a 
superimposed  lavarcunent  After  oonsolidatioo,  the  lava  affinds  secure 
protection  to  the  lighter  and  more  removable  masa  hdow,  in  which  the 
oiganic  relics  may  be  enveloped.  The  Hmilanean  tufis  contsining  the 
rotti  of  papyrus,  of  which  the  chaTactoua  are  still  legibly  have,  as  waa 
before  remarked,  been  for  agM  covered  by  lava. 

Another  ttio^Io  by  which  lava  may  tend  to  the  conjsorvation  of  imlx-ddod 
remains,  at  least  of  works  of  human  art,  is  by  its  overllowing  them  w]] 
it  is  not  intensely  heated,  in  which  case  they  sometimes  sufler  little  or  no 
injury.  * 

Thus  when  the  Etnean  lava-current  of  1669  covered  fourteen  towns 
and  villages,  and  part  of  the  city  of  Catania,  it  did  not  meltdown  a  great 
number  of  statuea  and  other  articles  in  the  vaults  of  Catania;  and  at  the 
depth  of  thirty-five  feet  in  the  same  cuient,  on  dieaita  of  Mompifiere^  one 
of  the  buried  towns,  the  bell  of  a  bhuicih  and  some  statues  were  found 
uninjured  (p.  401.). 

♦ 

*  Boase  on  Submersiou  of  I'art  of  the  Mount's  Bay,  Ac,  Traiu.  Roy.  GeoL 
800.  of  Cornwall^  vol.  il  p.  14(L 
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"We  read  of  several  buried  citu^  in  Central  Tmlia,  ana  arnont^  others 
of  Oujein  (or  Oojain)  which  about  fifty  years  bcture  tUo  Chri^uau  era 
was  the  seat  of  empire,  of  art,  and  of  leaminsf ;  but  which  in  the  time 
of  the  Rajah  Vicramaditya,  was  overwhelmed,  according  to  tradition, 
together  with  more  than  eighty  other  Ui]ge  towns  in  the  provinoes  ol 
Halira  and  Bagur,  "  by  a  shower  of  eaith.**  The  city  which  now  heun 
the  name  is  situated  a  mile  to  Uie  southward  of  the  ancient  town.  On 
diggmg  on  the  spot  where  the  latter  is  supposed  to  have  stood,  to  fhe 
depth  of  fifteen  or  eighteen  feet,  there  are  fieqtiently  discovered,  sajalfr. 
Hunter,  entire  brick  walls,  pillars  of  stone,  and  pieces  of  wood  of  an  « 
extraordinary  hardness,  besides  utensils  of  various  kinds,  ancient  coins, 
and  occasionally  buried  wheat  in  a  state  resembling  charcoal.* 

The  soil  which  covers  Oujein  i-*  describe<l  as  "bcinjr  of  an  ash-gray 
color,  with  minute  specks  of  blaoiv  sand."f  And  the  shower  of  earth,** 
said  to  have  "fallen  from  lieaven,"  has  been  attributed  by  some  travellers 
to  volcanic  agency.  There  are,  however,  no  activp  volcanoes  in  Central 
India,  the  nearest  to  Oujein  heing  Denodttr  hill  near  Bhooj,  the  capital 
of  Dutch,  800  geographical  miles  distant,  if  indeed  that  Mil  has  erer 
poured  out  lava  in  historical  times,  which  is  doubted  by  many.{  The 
latest  writers  on  Oujein  arow  their  suspicion  that  the  supposed  ^  cata^ 
strophe**  was  nothing  more  than  the  political  decline  and  final  abandon- 
.  ment  of  a  great  city  which,  like  Nineveh  or  Babylon,  and  many  an 
ancient  seat  of  empire  in  the  East,  after  losincf  its  importance  as  a  me- 
tropolis, became  a  heap  of  ruins.  The  rajiidity  with  which  the  smi-dried 
bricks,  of  which  even  the  most  splendid  oriental  palaces  are  often  con- 
structcxl,  crumble  down  when  exposed  to  rain  and  sun,  and  are  converted 
into  mounds  of  ordinaiy  earth  and  clay,  is  well  known.  According  to 
Captain  Dangerfield,  trap  tuff  and  columnar  basalt  constitute  the  rocks 
in^e  environs  of  Oujein§,  and  the  volcanic  nature  of  these  formations, 
from  which  the  materials  of  the  bricks  were  originally  derived,  may 
have  led  to  the  idea  of  the  city  having  been  overwhelmed  by  a  vdcauio 
eruption* 

♦  Narrativp  of  Journey  from  Agra  to  Otijoin,  Asiatic  KesearclM^  VoL  vLjp^Mb 

t Asiatic  Jouru&l,  vuL  ix.  p.  36.         1  Se«  above,  p.  460. 
Sir  J,  Matoeam'b  Gentna  Jcdia.  ikppwdia^  Hok  i  p^  m 
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< 

BUBTXKO  OF  FOS81L8  IN  ALLUVIAL  DLPOKiTS  AND  iJT  CAV£8. 

Fowik  in  alluvium — Effecta  of  sudden  inundations — ^lerrescrial  animal*  iikmI 
abundnntly  prcsfTTcd  in  alluvium  where  earthquakes  prevail — Marine  allu- 
yiom — Buried  town — Effects  of  Landslips — Organio  reuinios  in  liesurcs  and 
«aT«6— 'Fonn  and  dimcoiioiit  of  earernt-^eir  probable  ongiii--<3oted  biabt 
and  subterranean  rivers  of  the  IfovM — ^Kntavothra — Foimetion  of  breecttt 
with  red  cement — Jlnnmn  remains  irnbeddtMl  m  Mon  n — Intermixture,  in  caves 
of  South  of  France  aad  elsewhere,  of  human  reiuuiu^  and  bones  of  extinct 
quadrupeds,  no  proof  of  fonner  eo-existenee of  man iritli  thoee  )o«t  apeeiea. 

Fos.^ils  in  alluvium. — Thk  noxt  subject  for  our  consideration,  accord- 
ing to  tho  divijuoa  before  proposed,  is  the  embedding  of  organio  bodies 
in  alluvium. 

Tlio  crravel,  saiij,  and  raud  in  tho  bed  of  a  river  docs  not  often  aSn- 
taiu  any  animal  or  vegetable  remains ;  for  tlic  whole  mass  is  so  contina^ 
ally  shifting  its  place,  and  the  attriticKi  cf  the  tbtioiis  parts  is  so  great, 
that  even  the  haidest  rocks  ootitained  in  it  Arc,  at  lengtli,  gronnd  down 
to  powder.  But  when  sand  and  sediment  are  suddenly  sw^t  by  a  flood, 
and  then  let  fall  upon  the  land,  such  an  allunum  may  enrdop  trees  or 
the  leniains  of  animals,  which,  in  this  manner,  are  often  permanently 
preserved.  In  tho  mud  and  sand  produced  by  the  floods  in  Scotland,  in 
1820,  the  dead  and  niutilatod  bodies  of  hares,  rabbits,  Tno!c«!,  mic*,  par- 
tridges, and  even  th.e  bodie  s  men,  were  found  partially  buri' d.*  But 
in  these  and  similar  cases  cue  lloud  usually  efface^  the  memorials  l.^ft  by 
another,  and  there  is  rarely  a  suflicient  depth  of  undisturbed  traa^ported 
matter,  iu  any  one  spot,  to  preserve  the  organic  remains  for  ages  from 
destruction. 

Where  earthquakes  prevafl,  and  the  levels  of  a  countiy  are  changed 
from  'time  to  time,  the  remains  of  animals  may  more  esaly  be  inhumed 

and  p.ctected  from  disintegration.  Portions  of  plains,  loaded  with  allu- 
vial aocnmulations  by  transient  floods,  may  bo  gradually  upraised ;  and, 
if  any  org^anic  remains  have  been  ini1x'dd«'d  in  the  tranfsported  materiaK 
they  may,  after  such  elevation,  bo  placed  boyond  the  rca-  h  of  the  ero'^i\ v 
power  of  streams.  In  districts  where  tho  drainage  is  repeatedly  deranged 
by  subterranean  moveniont.s,  ev.'ry  fissure,  every  hollow  caused  bv  the 
siukiug  iu  of  laud,  beci;>nics  a  depository  of  organic  and  inorganic  sub- 
stances, hurried  along  by  transient  floods. 

Marin$  aUuvkii»i — ^In  Hay,  1787,  a  dreadful  inundation  of  the  sea 
was  caused  at  Coringa,  Ingeram,  and  other  places^  on  the  cosrt  of  Coro> 
mandel,  in  the  Eut  Indtes^  by  a  hurricane  blowing  from  the  N.  £^  which 
raised  the  waters  so  that  they  rolled  inland  to  the  distance  of  about 
'twenty  miles  from  the  shore,  swept  away  many  villagee^  drowned  mors 

*  Sir  T.  D.  Lauder,  Bart,  on  Floods  in  Morayshire,  Aug.  1839,  p.  177. 
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than  10,000  people,  and  left  the  country  covered  with  marine  mud,  on 
which  the  carcasses  of  about  100,000  head  of  cattle  were  stroweJ.  An  old 
tradition  of  tlio  natives  of  a  similar  flood,  said  to  have  happened  about  a 
century  lK:fi>re,  wa-s,  till  this  event,  regarded  fabulous  by  tlio  ?2uropean 
settlers.*  The  same  cojtst  of  Coromandel  wa-s,  so  late  as  May,  1832,  the 
scene  of  another  catastrophe  of  the  same  kind ;  and  when  the  inunda- 
tion subsided,  several  vessels  were  seen  grounded  in  the  fields  of  the  low 
eonatty  about  Connga. 

Many  of  the  stonm  termed  hnrrioanea  have  evidently  been  connected 
with  aubmarine  eatthqnakei^  as  is  shown  l^the  atmospbeoo  phenomena 
attendant  on  them,  and  by  the  somidi  heard  in  the  gnnind  and  the  odors 
emitted.  Such  were  the  circumsUinoes  whioh' accompanied  the  swell  of 
the  sea  in  Jamaica,  in  1780,  when  a  great  ware  desolated  the  western 
coast,  and  bursting  upon  Savanna  la  Mar,  swept  away  the  whole  town  in 
an  instant,  so  that  not  a  vestige  of  man,  beaat^  or  habitation,  was  seen 
upon  the  surface,  f 

Homes  and  works  of  art  in  aiiuvial  d(j)osi(s. — A  very  ancient  sub- 
(erranoaii  town,  apparently  of  Hindoo  origin,  was  disoovered  in  India  in 
1833,  in  digging  the  Doab  canal.  lis  siie  k  north  of  Saharuupore,  near 
the  town  of  Bebat,  and  seventeen  feet  below  the  present  sodhoe  of  the 
country.  More  than  1*10  coins  of  silver  and  copper  have  already  been 
fomid,  and  many  articles  in  metal  and  earthenware.  The  overlying 
deposit  consisted  of  about  fivQ  feet  of  river  sand,  with  a  substratum  about 
twelve  feet  thick  of  red  alluvial  day.'  In  the  neighborhood  are  i^cvoaA. 
rivers  and  torrents,  which  descend  from  tlie  mountains  chaiged  wkh  vast 
quantities  of  mud,  sand,  and  shingle  ;  and  within  the  memory  of  persons 
now  livinj^  the  modern  Behat  has  been  threatened  by  an  immdation, 
which,  after  retreating,  ktl  the  neia^hborinL;  country  strewed  over  with 
a  superficial  covt-ring  of  sand  several  ft-et  thick.  In  sinking  wells  in  the 
ennrons,  masses  of  shincjlti  and  boulders  have  been  reached  resembling 
tliose  now  in  the  rivcr-channcls  of  the  same  district,  under  a  deposit  of 
thirty  feet  of  reddish  loam.  Captain  Cautley,  therefore,  who  directed  the 
excavations,  supposes  that  the  matter  discharged  by  torrents  has  gradually 
raised  the  whole  country  skirting  the  base  of  the  lower  hiUs ;  and  that  the 
ancient  town,  having  been  ori^ally  built  in  a  hollow,  was  submerged  by 
floods,  and  covered  over  with  sediment  seventeen  feet  in  thickness.  J 

We  ale  informed,  by  M.  Boblaye,  that  in  the  Morea,  the  formation 
termfMi  ccramique,  consisting  of  pottery,  tiles,  and  bricks,  intermixed 
with  various  works  of  art,  enters  so  largely  into  the  alluvium  and  vege- 
table soil  upon  the  ])laiiis  of  Greece,  and  into  hard  and  crystalline  brec- 
cias wliich  have  been  f  anned  at  the  fix>t  of  declivities,  that  it  constitute* 
au  important  stratum  which  might,  in  the  absence  of  zoological  cha- 
racters, serve  lu  mark  our  epoch  in  a  most  indestructible  manner.g 

•  Dodaley's  Ann.  H  u  1  t  ,  178S. 
EdwartU  Hist,  of  West  Indies,  vol.  i.  p.  235.  cd.  1801 
Joura.  of  Auat  Soc,  Na«.  xxv.  and  xxix.,  1834. 
Ann.  deaSel.  Vat  um.  xni    llY.*Fek  18S1. 
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Landslips. — The  landslip,  by  suddenly  precipitating  large  masses  of 
rock  and  soil  into  a  valley,  overwhelms  a  multitude  of  animals,  and 
sometimes  buries  permanently  whole  villages,  with  their  inhabitants  and 
large  herds  of  cattle.  Thus  three  villages,  with  their  entire  population, 
were  covered,  when  the  mountain  of  Piz  fell  in  1772,  in  the  district  of 
Treviso,  in  the  state  of  Venice,*  and  part  of  Mount  Grenier,  south  of 
Chambery,  in  Savoy,  which  fell  down  in  the  year  1248,  buried  five 
parishes,  including  the  town  and  church  of  St,  Andre,  the  ruins  occu- 
pying an  extent  of  about  nine  square  miles,  f 

The  number  of  I::  f«  lost  by  the  slide  of  the  Rossborg,  in  Switzerland, 
in  1800,  was  estimated  at  more  than  800,  a  great  number  of  the  bodies, 
as  well  as  several  villages  and  scattered  houses,  being  buried  deep  under 
uiud  and  rock.  In  the  same  country,  several  hundred  cottages,  with 
eighteen  of  their  inhabitants  and  a  great  nimiber  of  cows,  goats,  and 
sheep,  were  victims  to  the  sudden  fall  of  a  bod  of  stones,  thirty  yards 
deep,  which  descended  from  the  summits  of  the  Diablerets  in  Vallais. 
In  the  year  1618,  a  portion  of  Mount  Conto  fell,  in  the  county  of  Chia- 
venna,  in  Switzerland,  and  buried  the  town  of  Pleurs  with  all  its  inhabit- 
ants, to  the  number  of  2430. 

It  is  unnecessary  to  multiply  examples  of  similar  local  catastrophes, 
which  however  numerous  they  may  have  been  in  mountainous  parts  of 
Europe,  witliin  the  historical  period,  have  been,  nevertheless,  of  rare  occur- 
rence when  compared  to  events  of  the  same  kind  which  have  taken  place 
in  regions  convulsed  by  eartliquakes.  It  is  then  that  enormous  masses 
of  rock  and  earth,  even  in  comparatively  low  and  level  countries,  are 
detached  from  the  sides  of  valleys,  and  cast  down  into  the  river  courses, 
and  often  so  unexpectedly  that  they  overwhelm,  even  in  tlie  daytime, 
every  living  thing  upon  tlie  plains. 

Preservation  of  Organic  Remains  in  Fissures  and  Cares. 

In  the  historj'  of  earthquakes  it  was  shown  that  many  hundreds  of 
new  fissures  and  chasms  had  opened  in  certain  regions  during  the  last 
150  years,  some  of  which  are  described  as  being  of  unfathomable  depth. 
We  also  perceive  that  mountain  masses  have  been  violently  fractured  and 
dislocated,  during  their  rise  above  the  level  of  the  sea ;  and  thus  we  may 
account  for  the  existence  of  many  cavities  in  the  interior  of  the  earth  by 
the  simple  agency  of  earthquakes;  but  there  are  some  caverns,  especially 
in  limestone  rocks,  which,  although  usually,  if  not  always,  connected 
with  rents,  are  nevertheless  of  such  forms,  and  dimensions,  alternately 
expanding  into  spacious  chambers,  and  then  contracting  a^in  into  nar- 
row passages,  that  it  is  difficult  to  conceive  that  they  can  owe  their  origin 
to  the  mere  fracturing  and  displacement  of  solid  masses. 

In  the  limestone  of  Kentucky,  in  the  basin  of  Green  River,  one  of  tlw 

•  Mnltc-Brun's  Geo|c:.,  vol.  i.  p.  435. 

f  Bakewell,  Travcla  iu  ttic  TareutaiBe,  toL  i.  p.  201. 
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tributaries  of  the  Ohio,  a  line  ci  underground  cavities  has  been  traced 
m  one  diiection  for  a  dietance  of  iesi  miles,  vithout  any  tennlQation ;  and 
one  of  the  ehambeny  of  whkh  theie  are  manj,  all  connected  by  nanow 

funri(  Is,  i;^  no  less  than  ten  acr  s  in  a  ,  a  and  150  foet  in  its  greatest 
iieight.  Besides  the  principal  series  of  "  ant  res  Tftst,"  there  are  a  great 
many  lateral  eniLranclinionts  not  yet  explored.* 

The  cavornousi  structure  here  alluded  to  is  not  nlto2fefhor  confined  to 
calcareous  rocks ;  for  it  hm  lately  been  observed  in  micaceous  and  argilla- 
ceous schist  in  the  (irecinn  island  of  Therniia  (Cytbnos  of  the  aJicicuts), 
one  of  the  (^yclades*.  Here  also  spacious  halb,  >vith  rounded  and  irrcgu- 
bur  valls,  are  connected  together  by  narrow  passages  or  tunnels,  and 
there  are  many  Uteral  bnrticheB  which  have  no  outlet  A.  cunent  cf 
waUv  has  evid^y  at  some  period  flowed  through  the  whole,  and  left  i 
muddy  deposit  of  bluish  clay  Vipon  the  floor ;  but  the  erosive  action  of 
the  stream  cannot  be  su]>]K.sed  to  have  |^v^  rise  to  the  excavations  in 
the  first  instance.  M.  Virlet  suggests  that  fissures  were  first  caused  by 
earthquakes,  and  that  tliLse  fissures  l)ecame  the  chimneys  or  vents  for 
the  disengag-ement  of  gas,  frenerat*»d  below  by  volcanic  1m  af.  Gases,  he 
observes,  such  as  the  muriatic,  sulphuric,  fluoric,  and  others,  mighty  if 
raised  to  a  liigh  temjx.'rature,  alter  and  decompose  the  rocks  whi(^h  they 
traverse.  There  are  sigiis  of  the  former  action  of  such  vapors  in  rents 
of  the  micaceous  schist  of  Tbemiia,  and  thermal  springs  now  issue  fiom 
the  grottoes  of  that  island.  We  may  suppose  that  aherwaids  the  elements 
of  the  decomposed  rocloB  were  gradually  removed  in  a  state  of  solution 
by  minenl  waters ;  a  theory  whidi,  according  to  M.  Tirlet,,  is  confirmed 
by  the  effect  of  heated  gases  which  escape  from  rents  in  the  isthmus  of 
Corintb,  and  which  have  greatly  altered  and  corroded  the  hard  siliceous 
and  jaspideous  rocks.f 

When  reflect  on  the  quantity  of  carbonate*  of  lime  animally  [K)un^ 
out  by  mineral  waters,  we  are  prepared  to  admit  that  large  cavities  must, 
in  the  course  of  ages,  be  formed  at  considerable  depths  below  tlie  surface 
in  calcareous  rocks. J  Tlieso  rocks,  it  will  be  remembered,  are  at  once 
more  soluble,  more  permeable,  and  more  fragile^  than  any  others,  at  least 
all  the  compact  vatietiea  are  veiy  easily  broken  by  the  movements  of 
earthquakes,  which  would  produce  only  flexures  in  aigillaceous  strata. 
Fissures  once  formed  in  limestone  are  not  liable,  in  many  other  formar 
tions,  to  become  closed  up  by  impervious  clayey  matter,  and  hence  a 
stream  of  acidulous  water  might  for  ages  obtain  a  free  and  uaobetructed 
passage.^ 

Morea. — Nothing  is  more  common  in  limestone  districts  than  the 
engulfment  of  rivers,  which  after  holding  a  subterranean  course  for  many 
mUes  «cape  again  by  some  new  outlet.    As  they  are  usually  charged  ^ 

•  Nahum  Ward,  Trans,  of  Antiq.  Soc  of  Massaebusetln   HolmMTs  United 

Btatots  P-  438. 

Bull,  dc  la  Soc  0<:>ol.  d«  France,  torn,  il  p.  329. 

St'C  above,  p.  240. 

See  remarks  by  U.  BoUajc^  Aaa,  dm  Warn,  Sane  s6ri«b  ten.  hr 
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mOi  fim  Bedimeiil;,  and  oAeii  with  sand  and  pebbles  wbera  tboj  entart 
whereas  they  ai«  usoally  pure  and  limpid  where  thej  flow  out  again, 
they  must  deposit  much  matter  in  empty  spaces  in  the  interior  of  the 

earth.    In  aJiHtion  to  tlie  materials  thus  introdiicod,  stalaij^mito,  or  car^ 
boAato  of  Hint*,  drops  from  the  roofo  of  caverns,  and  in  this  mixture  the 
bonej*  of  anitiiaU  washeJ  in  by  rivers  are  often  entoml>ed.    In  this  inaunei 
we  may  account  for  tlios<>  bony  breccias  wliich  we  otkai  fin*l  in  cavi-s, 
some  of  Avhich  arc  of  high  anli(|uity  while  others  arc  very  recent  aud 
-  in  daily  progress.   In  no  district  are  engulfed  streams  more  con^cuoitt 
than  in  the  Hovea,  Jthen  &e  phenomena  att«iding  theo^  hnve  heen 
lately  itndied  and  deeeribed  in  great  detail  by  M.  BoUaye  and  hla  ieSkm' 
laboien  of  the  French  eipedition  to  Gieeoer*   Their  aoooont  is  «pecn* 
liarly  interesting  to  geologists,  because  it  throws  light  on  the  red  oeMons 
breccias  containing  Uie  bones  of  extinct  quadrupeds  whieh  sre  so  common 
in  almoet  all  the  oonntries  bordering  the  Mediteitanean.   It  appears  that 
the  numerous  caverns  of  the  Moroa  occur  in  a  compact  limestone,  of  the 
'Ai^ii  of  tlic  English  chalk,  immediately  below  which  are  arenaceous  strata 
referred  to  the  period  of  our  jnrreeiujand.    In  the:  more  elevated  di*trictA 
of  that  peninsula  there  are  many  deep  lajitl-loek«.'d  valleys,  or  basins, 
closed  round  on  all  sides  by  niouutaius  of  fissured  and  cavernous  lime- 
stone.  The  year  is  divided  almost  as  distinctly  as  between  the  tropica 
into  a  rainy  season,  which  lasts  upwards  of  four  months,  aai  a  seaam  fj$ 
drought  of  nearly  eight  months'  duxation.    When  the  tonenta  are 
swollen  by  the  tains^they  rash  from  surromiding  heights  uito  the  inclosed 
banns;  but»  instead  of  jpving  rise  to  lakes,  aa  would  be  the  case  in  most 
other  countries,  they  are  received  into  gulfs  or  chasms,  called  by  the 
Greeks  "  Katavolhra,"  and  which  correspond  to  what  are  termed  "  swal- 
low-holes" in  the  north  of  Ensfland.    The  water  of  th»\<e  torrt'nts  is 
charged  w^ith  pebbles  and  red  ochreous  eartli,  res^'inbling  precisely  tFie 
well-known  cement  of  the  ocA^ocms  breccias  of  the  2kl«ditermn<»nn.  It 
dissolves  in  acids  >vith  etiVi  \  <'scence,  and  leavas  a  residue  or"  iiydrat«.'d 
oxide  of  iron,  granular  irou,  impalpable  grains^  of  silex,  and  small  crystals 
oi  quartz.   Soil  of  the  same  description  abounds  evet^^where  on  the 
sur&oe  of  die  deeompoeing  limestone  in  Greece  that  rock  oontsining  in 
it  much  silioeoas  and  fiam^nous  matter. 

Many  of  the  EataTothra  bang  insufficient  to  give  passsge  to  all  tlie 
water  in  the  rainy  season,  a  temporary  lake  is  f>imed  round  the  month 
of  the  chasm,  which  then  becomes  still  farther  obstructed  by  pebbles, 
sand,  and  red  mud,  thrown  down  from  the  turbid  waters.  Hie  lake 
being  thus  raised,  its  waters  c^nerally  escape  through  other  openings,  at 
his/her  levels,  around  the  borders  of  the  pUUn,  constituting  the  bottom  of 
the  closed  basin. 

In  some  places,  as  at  Kavaros  aud  Tripolitz^i,  where  the  principal  dis- 
charge is  by  a  gulf  in  the  middle  of  tin  plain,  nothing  can  be  seen  orer 
the  opening  in  summer,  when  the  lake  dries  up,  but  a  deposit  of  red 

•  Ana.  dss  Hinsi^  Sme  sMck  torn,  iv^  IBML 
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mud,  cfacked  iu  ill  direetionB.  Bni  the  Katevotfifoii  u  mora  oommoiily 
ntnaled  at  the  foot  of  the  sarroimdiDg  eaesipmeiit  of  ImwBtoiie;  and  in 
that  case  there  is  Bometimee  room  enough  to  allow  a  peiton  to  enter,  in 
sammer,  and  even  to  penetrate  £ar  into  the  interior.  Within  ii  seen  a 

suite  of  chaml^rs,  communicatiDg  with  each  other  by  narrow  passi^|te; 
and  M.  Virlet  relates,  that  ia  one  instance  ho  observed,  near  theentianoe^ 
human  brines  imbedded  in  recent  red  mud,  min£,ded  wltli  tho  remains  of 
plants  and  animals  of  species  now  inliabithi2"  tlie  Morea.  It  is  not 
wonderful,  he  says,  that  the  bones  of  man  sh  lul  !  Ix;  met  "vvith  in  such 
receptacle;  for  so  murderous  have  been  tlie  lato  wars  in  (J recce,  that 
skeletons  are  often  seen  lying  exposed  on  the  surface  of  the  country.* 

Li  ipnimer,  when  no  water  is  flowing  into  the  Katavothron,  its  mouth, 
half  doied  up  with  led  mud,  is  maahed  by  a  vigorow  vegetation,  which 
it  cheriahed  by  the  mdBture  of  the  phue^  U  is  then  the  finrorite  hiding- 
pbce  and  den  of  loses  and  jaekals ;  so  that  the  same  cavity  serves  at  one 
season  of  the  year  for  the  habitation  of  oandvorous  beasts,  and  at  mother 
as  the  channel  of  an  engnlfed  river.  Nen  the  month  of  one  chasm,  M.  * 
Boblaye  m  I  his  companions  saw  the  carcass  of  a  horse,  in  part  devowed, 
the  size  ot  >vliich  seemed  to  have  prevented  the  jackals  from  dranrsnnr^  it 
in:  the  marks  of  their  teeth  were  obsoT^-ed  on  the  bon»  and  it  was 
evident  that  the  {\ooth  of  tho  ensuing  winter  would  wash  in  whatsoever 
might  remain  of  tiie  .skeleton. 

It  has  been  stated  that  the  waters  of  all  these  torrents  of  the  Morea  are 
turbid  where  they  are  engulfed ;  but  when  they  come  out  again,  often  at 
the  distance  of  many  leagues,  they  are  perfectly  dear  and  limpid,  being 
only  char*; '<!  oocasionally  with  a  slight  quantity  of  calcareous  sand.  The 
points  4^  efflux  are  usually  near  the  sea^ehoies  d  the  Horea,  but  some- 
times they  are  submarine;  and  when  this  is  the  case^  the  sands  are  seen 
to  boil  up  for  a  considerable  space,  and  the  surface  of  the  sea,  in  calm 
weather,  swells  in  laige  convex  waves.  It  is  curious  to  reflect,  that  when 
this  discharge  fails  in  JK^asons  of  drouG^bt,  t!ic  prepsnre  of  tlie  5ea  may 
force  its  salt  waters  into  &ul)terraiieous  caverns,  and  earry  in  rnririnn  ?nn>-\ 
and  shells,  to  be  mingled  with  ossiferous  mud,  and  the  remains  of  terres- 
trial animals. 

In  general,  however,  the  etilux  of  water  at  these  inferior  openings  is 
surprisingly  uniform.  It  seems,  therefore,  that  the  largo  caverns  in  the 
interior  must  serve  as  reservoirs,  and  that  the  water  escapes  gradually 
from  fhem,  in  consequence  of  the  smallneasof  the  rents  and  passages  by 
which  they  communicate  with  the  suifiice. 

The  phenomena  above  described  me  not  confined  to  the  Morea,  but 
occur  in  Greece  generally,  and  in  those  parts  of  Italy,  Sj>alii,  Asia  Minor, 
and  Syria,  where  the  formations  of  the  Morea  extend.  The  Copaic  lake 
in  Bopotia  has  no  outlet,  excejit  by  uiideri,Tou!id  channels ;  and  henco 
wo  can  explain  those  traditional  and  historical  accounts  of  its  having 
ffune^  on  the  surrounding  plains  and  overflowed  towns,  as  such  flooda 

*  BolL  de  la  &oc  G^oL  de  France  torn,  iii  p.  228. 
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mint  faavo  happened  whenerer  the  outlet  was  partuSy  choked  up  by  mod, 
giavd,  or  the  sttbeideiioa  of  rocks,  caused  by  eartbquAkcs.  AYLon  spesk- 
ing  of  the  niirn*>roiia  finures  in  the  limestone  of  Greece,  M.  Boblaye 
reminds  us  of  Uic  famous  earthquake  of  469  b.  c,  when,  as  we  Icam  from 
Cicero.  Plutarch,  Stml>o,  and  Pliny,  Sparta  was  laid  in  ruins,  part  of  the 
summit  of  Mount  TnygetuH  torn  ot^  and  numerous  guife  and  fiasiires 
caused  in  the  rocks  of  Laoonia. 

During  the  great  ei4rtii<]uake  of"  10D3,  in  Sicily,  several  thou^saud  jnioplc 
were  at  ouce  entombed  in  the  ruins  of  caverns  in  limestone,  at  Sortino 
Yecdiio ;  and,  at  the  same  time,  a  large  stream,  whicli  had  iMned  fx 
ages  from  one  of  the  grottoes  bdoir  that  town,  changed  soddenly  its  snb- 
tenanean  course^  and  came  oat  fiom  the  mouth  of  a  cave  lovei^down 
the  valley,  where  no  water  had  previously  flowed.  To  this  new  point 
the  ancient  watei^miUfl  were  traneiinred,  as  I  learnt  whoi  I  liaited  the 
spot  in  1829. 

When  the  cours^es  of  on^jtilfe*^  rrvcrs  are  thus  liaMe  to  rhanrn^.  from 
•  time  to  time,  by  alterations  in  tlio  L  vt  ls  of  a  countr}  ,  and  liy  the  rending 
and  shattering  of  mountain  inass<.'.s,  we  must  suppose  tliat  the  dens  of 
wild  beasts  will  sometimes  Ixs  inundated  by  subterranean  lloodd,  and  iLcir 
carcasses  buried  imder  heaps  of  alluviiun.  .Hie  bon^  moreover,  of  indi- 
viduals which  have  died  in.  the  reoeflses  of  caves^  or  of  animals  which  have 
been  carried  in  for  pr^,  may  be  drifted  along,  and  mixed  up  widi  mod, 
sand,  and  fragments  of  rcwks^  so  as  to  form  osseous  breccias. 

In  1833  I  had  an  opportunity  of  examining  the  celebtate*!  <  av<-s  of 
Franconia,  and  among  otheisthatcf  Rabenstein,  newly  discovered.  Iheir 
general  form,  and  the  nature  and  arrangement  of  their  contents,  appeared 
to  me  to  arrreo  p^^rfectly  with  tlio  notion  of  their  ha\*infj  once  served  as 
tht^  channels  of  subterranean  rivtrs.  This  uunhi  of  aivountin*^  for  the 
iutroiiuction  of  transported  matter  into  tlio  Francouiau  and  other  caves, 
filled  up  as  they  often  are  even  to  tlieir  roofs  witli  osseous  breccia,  was 
long  ago  proposed  by  M.  C.  Prevost,*  and  seems  at  length  to  be  very 
generally  adopted.  But  I  do  not  donht  that  bean  inhabited  some  of  the 
German  ^ves,  or  that  the  cavern  of  Eirkdale,  in  Yorhdiire,  was  once  the 
den  of  hysnas.  The  abundance  of  bony  dun^  associated  with  hycna^ 
bones,  hM  been  pointed  out  by  Dr.  Buckland,  and  with  resson,  as  con- 
firmatory of  this  opinion. 

The  same  author  ol>f«pn'od  in  every  cave  examined  by  him  in  Germany, 
that  deposits  of  nind  and  sand,  with  or  without  rolled  pebbles  and  anicfti- 
iar  fragiaents  uf  rock,  were  covered  over  with  a  ningU  crust  of  stalaL:niit«'.f 
In  the  Knijlish  caves  ho  remarked  a  similar  absence  of  alterations  of  allu- 
vium and  stalagmite.  But  Dr.  Schmerling  has  discovered  in  a  cavern  at 
Ohodder,  about  two  league  from  Liege,  three  distinct  beds  of  stah^^mxlc^ 
and  between  each  of  them  amass  of  breccia,  and  mud  mixed  with  quarts 
pebbles,  and  in  the  three  deposits  the  bones  of  extinot  quadcupedSi} 

*  M^m.  de  la  Soc.  d'lliat  Nat  de  P«rii^  tonL  iVi 

'f  Roliqui«  Dilumnie,  p.  108. 
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This  exception  does  not  invalidate  the  fjenerality  of  the  phenomenon 
poinl*'<l  out  by  T)r.  Buckland,  one  cause  ot"  which  may  perhaps  be  this, 
that  if  severul  llcxxls  paf«  at  different  intervals  of  time  throu^li  :i  subter- 
ranean passage,  the  labt,  if  it  has  power  to  drift  along  fragments  of  rock, 
'Will  also  tear  up  anj  altoroating  stalagmitio  and  alluvial  beds  that  may 
have  been  prevfcNialj  Ibrmed.  Another  cause  may  be,  that  a  partleiihur 
line  of  caverDB  will  nrdy  be  so  ntitatedi  in  xelation  to  the  lowest  levels 
of  a  eonntry,  as  to  become,  at  two  distinct  epochs,  the  receptacle  of  en- 
gulfed rivei^s;  and  if  this  should  happen,  some  of  the  caves,  or  at  least 
the  tunnels  of  communication,  may  at  the  first  period  be  entirely  choked 
up  viiih  trnnsported  matter,  so  as  not  to  allow  the  subseqaent  passage  of 
water  in  thu  game  direction. 

As  the  same  chasms  may  remain  open  throughout  periods  of  indefinite 
duration,  the  species  inhabiting  a  country  may  in  the  meantime  bu  greatly 
changed,  and  thus  the  remains  of  animals  belonging  to  very  different 
epochs  may  become  mingled  together  in  a  common  tomb.  For  this 
reason  it  is  often  difficult  to  separate  the  monuments  of  the  human  epoch 
from  those  relating  to  periods  long  anteoedent,  and  it  was  not  without 
great  care  and  skill  thatDr.Bucldand  was  enabled  to  guard  against  such 
anachronisms  in  his  investigations  of  several  of  the  English  caves.  He 
mentions  that  human  skeletons  were  found  in  the  cave  of  WoVey  Hole, 
near  Wells,  in  the  >rendips,  dispers<Hl  through  reddish  mud  and  clay, 
and  some  of  them  united  by  ftalnLcmite  into  a  firm  osseous  breccia. 
"The  spot  on  which  they  lie  i&  within  reach  of  the  hijjhest  floods  of  the 
adjacent  river,  and  the  mud  in  which  they  are  buried  is  uvideuUv 
flnviatile."* 

In  speaking  of  the  cave  of  Paviland  on  the  coast  of  OUmoiganshire 
the  same  author  sWes  that  the  entire  mass  through  which  bones  were 
dispeised  appeared  to  have  been  disturbed  by  anci<  nt  diggings,  so  that 
the  remaias  of  extinct  animals  had  become  mixed  with  recent  bones  and 
shells.  In  the  same  cave  was  a  human  skeleton,  and  the  remains  of  recent 
testacea  of  eatable  species,  which  may  have  been  carried  in  by  man. 

In  several  caverns  on  the  banks  of  the  Mense,  near  Lies^e,  Dr.  Schmer- 
ling  has  found  human  bone^  in  the  same  nni<l  and  breccia  with  those  of 
the  elephant,  rhinoceros,  bear,  and  other  quadrupeds  of  extinct  species. 
He  has  observed  none  of  the  dung  of  any  of  these  animak:  and  fnm 
this  circumstance,  and  the  appearance  of  the  mud  and  pebbles,  he  con- 
dudes  th^t  these  caverns  were  never  inhabited  by  wild  beasts,  but  washed  ' 
in  by  a  current  cf  water.  As  the  human  skulls  and  bones  were  in  frag- 
ment!^ and  no  entire  skeleton  had  been  found,  lie  does  not  believe  that 
these  caves  were  places  of  sepulture,  but  that  the  human  remains  were  ' 
washed  in  at  the  same  time  as  the  bones  of  extinct  quadruped?,  and  that 
these  lost  species  of  manunalia  eoexi'^ted  on  the  earth  with  nian. 

Caverns  in  (h^  south  of  France. — Similar  associations  in  the  couth 
of  France,  ot  human  bones  and  woik->  »)f  art,  with  remains  of  extinct 
quadrupeds,  have  induced  other  geologists  to  maintain  that  man  was  an 

*  AsliquuB  DUuvianie^  p.  IM. 
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inhabitant  of  Uut  part  of  Enrape  befim  tli«  ifainooeios,  hjxna,  tiger; 
and  XBAny  fossil  apecieidiBBppeared.  I  niay  fixst  menlioa  tiie  earam  oC 
Bias,  in  the  dspoitmsot  of  Ands,  wliera  M.  Maiool  do  Series  mei  iritk  a 
small  number  of  Iimnan  bones  miied  with  those  of  oitinct  animals  and 
irith  land  diell^.  They  occur  in  a  calcar  i-  stony  mms^  bound  together 
by  a  cemetit  of  stalagmite.  On  examining  the  samo  cavams,  M.Toumal 
found  not  only  in  these  calcareous  beds,  but  al^o  in  a  black  mud  which 
overlies  a  red  osseous  mud,  several  human  teeth,  tosr^ther  with  br 'k-n 
angular  fragments  of  a  rude  kind  of  pottery,  and  also  mjent  marine  and 
terr^trial  shells.  The  tcetli  ])rest,rvo  their  enamel;  but  the  fan|^  are  so 
much  altered  as  to  adhere  strongly  when  applied  to  the  tongue.  Of  the 
terrestrial  shells  thus  associated  with  the  bon<»  and  potteiy,  the  most 
oommon  are  CfeUuliama  elegans^  BuimiM  iteoXkttm^  Bdis  nemonliA, 
and  H,  mlMfo.  Among  the  marine  are  foond  Ptelm  jaeobonUf  Jfytilm 
tduUtf  and  Ifdiica  nUik-pmctala^  all  of  them  ealaUe  kUid^  and  which 
may  have  been  bzooght  theie  for  food.  Bones  weie  fomd  in  the  same 
mass  belonging  to  tliree  new  species  of  deer,  the  brown  bear  {Urttu 
anidldats),  and  the  wild  bull  (Bm  urMt),  fonneriy  a  aatire  of 
Germany.* 

Tn  the  same  parts  of  France,  M.  dc  CIiri>t<»l  has  fbund  in  cav.  rns  in  a 
tertiary  limestone  at  Pondrea  and  Sou\  ifriiarn;^ueH,  two  ieasxiie^  north  of 
Lunel-viel,  in  the  department  of  Ilerault,  iuunan  bones  and  {>ottery  con- 
fusedly mixed  with  remains  of  the  rliinocoros,  bear,  hy;rria,  and  otlier 
terretilriiU  mamuiifers.  They  wer«3  imbedded  iu  aliuviul  luud,  of  the  so- 
liiity  of  oalcazeous  tnia,  and  oontalmng  someffint  pebbka  and  fragmenta 
of  the  limestone  of  the  ooontiy.  Beneath  this  nused  accrnnnlation, 
wMoh  sometimes  attained  a  diicknew  tof  thirteen  feet,  ia  the  otigiaal 
floor  of  the  cavern,  about  a  foot  thick;  covered  with  bones  and  the  dang 
of  animals  {aibum  prctcum),  in  a  sandy  and  tufaceous  cement 

The  human  bonea  in  these  caverns  of  Foodres  and  Souvignarguca 
were  found,  upon  a  careful  analysis,  to  hiv-  y>nrte<l  with  their  animal 
matter  to  as  great  a  det^roo  as  those  of  tin*  iiya;na  which  accompany 
them,  and  are  equally  bnttlc,  and  adhere  as  stronjjly  to  i]\>^  tonprue, 

Tn  order  to  compare  the  degree  of  alteration  of  thci*'  iK>nes  with  thos^ 
known  to  bo  of  high  antiquity,  M.  Marcel  do  Serros  and  M.  Ballard, 
chemists  of  Montpclier,  procured  some  from  a  Gaulish  sarcophagus,  in 
the  plain  of  Imnel,  supposed  to  have  been  buried  for  fourteen  or  fifteen 
*  centnriea  at  least  In  these  the  cellttUur  tusne  waa  empty,  hot  they  were 
mora  aolid  tiian  freah  bones.  Iliey  did  not  adbeie  to  the  tongue  in  the 
name  manner  aa  thoae  of  the  caverns  of  Biae  and  PondreSy  yet  they 
had  loat  at  least  three  fourths  of  their  original  animal  matter. 

The  superior  solidity  of  the  Gaulish  bones  to  those  in  a  fresh  skeleton 
Is  a  fact  iti  perfect  accordance  with  the  observatioaB  made  by  Dr.  MufaJi 
tm  bones  tidcen  from  a  Paxon  tumulns  near  Lowes. 

M.  Tessicr  has  also  described  a  cavern  near  Mialet^  in  the  depaitmeat 

•  IL  Marc«l  d«  SerrM^  G^ognoue  d«s  Terrains  Tertiaire%  p.  M.  IntrodiMtioiL 
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of  Cianl,  where  the  remaitis  of  tJu*  honr  and  other  anunals  weni  miugled 
i  oiit  is^idiy  with  human  bones,  coarse  pottery,  teeth  pierced  for  amulets, 
j)oiuted  fragments  of  bone,  bracelets  of  bronze,  and  a  Komau  urn.  Part 
of  this  deposit  reached  to  the  roof  of  the  cavity,  aud  adhered  firmly  to  iU 
The  attflior  suggests  that  the  eitonor  portien  of  Um  grolto  may  at  one 
period  bAve  been  a  den  of  bean,  and  that  afterwaida  the  abotigmal  inba- 
bitanta  of  the  eovntiy  took  posMflskm  cf  it  either  for  a  dwdlng  or  a  bui^ 
plao^  and  left  there  the  coarse  potteij,  amnlets,  and  pointed  pieceB  of 
bone.  At  a  third  period  the  Romans  may  hare  used  the  cavern  as  a 
place  of  Bcpultiiro  or  concealment,  and  to  them  may  have  belonged  the 
Mm  and  bracelets  of  metal.  Tf  we  then  snppose  the  course  of  the  neigh- 
boring rivpr  to  \ms  impeded  by  some  temporary  cause,  a  flood  would  be 
occasioned,  ^v]iicb,  mshinjif  into  the  np<m  grotto,  may  have  waslied  all 
the  remains  into  the  interior  caves  and  tuunalS|  heaping  the  whole  con- 
fusedly together.* 

In  the  oontioveisjr  whioh  haa  anaen  on  this  snljeet,  Ulf.  Haioel  de 
Semti  De  Christol,  Toamal,  and  otheni  have  contended,  that  the  pheno- 
mena of  this  and  other  cavema  in  the  south  of  France  pioTe  that  the 
fbaell  rhinoceros,  hya;na,  bear,  and  several  other  lost  species,  were  once 
contemporaneous  inhabitants  of  the  coontiyt  together  with  man  ;  while 
^I.  Desnoyers  has  stipported  the  o]>posite  opinion.  The  flint  liatcliet.s  and 
arrow-he;id.s  he  .says,  and  the  pointed  bones  and  coarse  jwttery  of  many 
French  and  English  caves,  agree  precisely  in  character  with  tliose  f<nind 
in  the  tumnii,  and  uiuk-r  the  dolmens  (rude  altars  of  unhewn  stone)  of 
the  primitive  inhabitanU*  of  Gaul,  Britain,  and  Germany.  The  human 
bones,  tiierefore,  in  the  caves  'which  are  associated  iriA  sndi  fitbricated 
objects,  must  belong  not  to  antedilnviao  periods,  but  to  a  people  in  the 
same  stags  of  ciTiHaatioji  as  those  who  constructed  the  tnmuU  and 
altars. 

In  the  Gaulish  monuments  we  find,  together  with  the  objects  of  indus- 
try above  mentioned,  the  bones  of  wild  and  domestic  animals  of  species 
now  inliabitinsf  Europe,  partictilarly  of  deer,  sheep,  wild-boars,  dogs, 
horses,  and  oxen.  This  fact  has  been  ascertained  in  Qnercy,  and  other 
provinces;  and  it  is  suppc^i  by  antiquarios  that  tlie  animals  in  question 
were  placed  beneath  the  Celtic  altiir^  in  memory  of  sacrifices  offered  to 
the  Gaulish  divinity  Hesus,  and  in  the  tombs  to  commemorate  funeral 
repasts,  and  abo  from  a  supposition  prevalent  among  sar^  nationa, 
which  induces  them  to  lay  up  proTisions  for  the  manes  of  the  dead  in  a 
future  ills.  But  in  none  of  these  anciflnt  monumenta  have  any  boiMs 
been  found  <^  the  elephant^  rhinoceros,  hyiena)  tiger,  and  other  quadru- 
peds, such  as  are  found  in  caves,  as  might  certainly  have  been  expected 
had  the^^c  opeoies  continued  to  flourish  at  the  time  that  this  part  of  Oaul 
wa«  inhabited  by  man. f 

We  are  also  reminded  by  M. Desnoyers  of  a passafje  in  Floru>,  m  wlilrh. 
it  is  related  that  Csesai  orderod  the  cav<»  into  which  the  Aquitanian 

•  BmII.  L  la  Soc  G^ol.  de  Fraiiop,  torn.  il.  j>{-  f.:^. 

f  I>«8uoyer8,  BolL  de  la  Soc.  G^l  de  fiance,  torn.  ii.  p.  252. 
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Gauls  had  rctreat^^d  to  l>e  dosed  up.*  It  is  also  on  record,  tliat  lat* 
as  the  eii^htli  century,  the  Aquitanians  defended  tliemselves  in  cavonj> 
against  King  Pepin.  As  many  of  these  caverns,  therefore,  may  hav.- 
served  in  Bueo^sgion  ba  temples  and  habitations,  as  places  of  sepulture, 
ooncdalment)  or  debnoe,  it  is  easy  to  oonoava  thst  himiati  bone^  ind 
those  of  aoiiulai  In  oauous  breedas  of  nmeh  older  datSi  may  have  beeo 
swept  aw»7  together,  If  iBimdatioiifl^  and  then  buried  m  one  pioiubeiKmi 
heap. 

It  is  not  on  the  evidence  of  such  intermixtures  that  we  ought  readilj 
to  admit  either  the  high  antiquity  of  the  human  lacei  or  the  leoent  date 

of  certain  lost  species  of  qu,idniyx'ds. 

Among  the  various  modes  in  which  the  bones  of  animals  lK*oonie  pre- 
served, independently  of  tlio  a^ncy  of  land  tloods  and  engulfed  rivers,  I 
may  mention  that  open  iSssures  often  fH'rve  as  natural  pittidls  in  ^\hioll 
herbivorous  auiuuils  perish.  This  may  happen  the  more  readily  ^^hen 
they  are  chased  by  beasts  of  prey,  or  wh^  surprised  whik  carelessly 
browsing  on  the  shruba  which  so  often  oveigrow  and  coooeai  tiie  edges 
of  fiisQre8.f 

During  tlie  excavations  recently  made  near  Behat  in  India,  ^e  bones 

of  two  deer  were  found  at  the  bottom  of  an  andent  weQ  whidi  had 

been  filled  up  with  alluvial  loam.  Their  horns  were  broken  to  pieces, 
but  the  jaw  bones  and  other  parts  of  the  skeleton  remained  tolerably 
perfect.  "Th»-ir  presence "  says  Captain  Cautley,  "is  easily  accounted 
for,  as  a  great  numl)er  of  these  and  other  animals  are  constantly  \o^i  in 
galloping  over  the  jungles  and  among  the  high  grass  by  &}hng  into 
d<^rted  wells."| 

Above  the  village  of  Selside,  near  lugleborough  iu  Yorkshire,  a 
chasm  of  en<»anooi  but  naknown  depdi  occurs  in  the  scar^nestone,  a 
member  of  the  carbonifenms  series.  The*  chasm,'^  says  FroHBssor.Sedj^ 
wick,  ^is  surrounded  by  grassy  shelving  banks^  and  many  antmah, 
tempted  towards  its  brink,  have  fallen  down  and  perished  in  it  The 
,  approach  of  cattle  is  now  prevented  by  a  strong  loffy  wall ;  but  there 
can  be  no  doubt  that,  during  the  last  two  or  three  thousand  years,  great 
ma«?5!cs  of  bony  breccia  muftt  have  accumulated  in  the  lower  parts  of  the 
great  tissure,  which  probably  descends  through  the  whole  thickness  of  the 
scar-limestone,  to  the  d^  ptli  of  perhaf>s  five  or  six  hundred  feet**§ 

When  any  of  these  natural  pit-falls  happen  to  communicate  with  lines 
of  subterranean  caverns,  the  bones,  earth,  and  breccia,  may  siuk  by 
their  own  weight,  or  be  washed  into  the  TanltB  below. 

At  the  north  extremity  of  the  rock  of  Gibraltar  are  perpendienlar 
fissures,  on  the  ledges  of  which  a  number  of  hawks  nestle  and  rear  theif 
young  in  the  breeding  aeaaon.  They  throw  down  from  their  nesta  the 
bones  of  small  birds,  mico^  and  other  animalS|  on  whidi  they  ieed,  and 

•  Hi^t.  Ronu  Et>it,  lib.  iii.  c  10. 

Buckland,  Keiiquiie  Diluvianfc,  p.  25. 
See  above,  pp.  730,  731. 
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these  are  gradually  tiDited  into  n  breccia  of  angiilur  fragments  of  t^ie 
decomposing  limestone  with  a  cement  of  red  rarth. 

At  the  pass  of  Escrinet  in  France,  on  the  northern  escarpment  of  the 
Coiron  hills,  near  Aubenas,  I  have  seen  a  breccia  in  the  act  of  forming. 
Small  jiieccs  of  disintegrating  limestone  are  transported,  during  heavy 
rains,  by  a  streamlet,  to  the  foot  of  the  dedivity,  where  land  shells  are 
very  abundant  The  shells  and  pieces  of  stone  soon  become  cemented 
together  by  stslagmite  into  a  compact  mass,  and  the  talus  thus  fonned 
u  in  one  place  My  feet  deep,  and  five  hundred  yards  wide.  So  firmly 
is  the  low^t  portion  consoUdated,  that  it  is  quarried  for  mill-stcnes. 

JUeent  $iaiaffmitie  lime$tone  of  Cuba. — One  of  the  m(»t  singular 
examples  of  the  recent  cfrowtb  of  ■^falagrnitic  limestone  in  caves  and 
fiflsnrcs  is  that  described  by  Mr.  K.  0.  Taylor,  as  observable  on  the 
north-east  part  of  the  island  of  Cuba.*  The  country  there  is  composed 
of  a  whxiii  marble,  in  which  are  numerous  cavities,  partially  filled  with 
a  calcareous  deposit  of  a  brick-red  color.  In  thii^  red  deposit  are 
sheBs,  w  often  the  hollow  casts  shelly  diief^  rdbiable  to  eight  or 
nine  species  of  land  snails,  a  few  scattered  bones  of  quadrupeds,  and', 
what  is  still  more  singular,  maiine  univalve  shells,  often  at  Uie  height 
of  many  hundred,  or  even  one  thousand  feet  above  the  sea.  The  follow- 
ing explanation  is  given  of  the  gradual  increase  of  this  deposit  Land 
snails  of  the  genera  Helix,  Cyclostoma,  Pupa,  and  Clausilia,  retire  into 
the  caves,  the  floors  of  which  are  strewed  with  myriads  of  their  dead 
and  unoccupied  shells,  at  the  fame  time  that  water  infiltered  throuirh 
the  mountain  throws  down  carbonate  of  lime,  envelopinj^  the  s^hells. 
tofrethcr  with  fratfuienLs  of  the  white  limestone  which  occasional! v  falls 
from  the  roof.  Multitudes  of  bats  resort  to  the  caves;  and  their  dung, 
wfai<A  is  of  a  bri|^t  red  color,  (probably  derived  from  the  berries  on 
which  they  feed,)  imparts  its  red  hue  to  the  mass.  Sometimes  also  the 
Hntia,  or  great  Indian  rat  of  the  island,  dies  and  leaves  its  bones  in  the 
caves.  At  certain  seasons  the  soldier-cndw  resort  to  the  seashore,  and 
then  return  from  their  pilgrimage,  each  carrying  with  them,  or  rather 
dra^ng,  the  shell  of  some  marine  univalve  for  many  a  wearv  mile. 
They  may  be  trnred  even  at  the  distance  of  eii^^ht  or  ten  miles  from  the 
shore,  on  the  summit  of  mo-ntains  1200  feet  high,  like  the  pilgrims  of 
the  olden  times,  each  bearing  his  shell  to  denote  the  character  and 
extent  of  his  wanderings."  By  this  means  several  species  of  marine 
testacea  of  the  genera  TVochus,  l\irbo,  littorina,  and  Monodonta,  are 
conveyed  into  inland  caverns,  and  enter  into  the  composition  of  the 
newly  formed  rock. 

•  Notes  on  OeoL  of  Cabs,  1886,  PbiL  Ma^,  Joly,  1N7. 
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IMBEDDINO  OF  ORGANIC  REMAINS  IN  SUBAQUEOUS  DEPOSITS. 

PirUion  of  the  subject — Imbedding  of  tciTe«tnal  animalB  and  plants — lDcrea»oJ 
iipccific  gravity  of  wood  sunk  to  great  depths  in  the  sea — Drift-timber  of  the 
Mackenzie  in  Slave  Lake  and  Polar  Sea — Floating  trees  in  the  Mississippi — in 
the  Gulf  Stream— on  the  coast  of  Iceland,  Spitzbergen,  and  Labrador — Sub- 
marine forests — Example  on  coast  of  Hampshire — ^Mineralization  of  plants- 
Imbedding  of  marine  plants — of  insects— of  reptiles — Bones  of  birds  why  rare 
— Imbedding  of  terrestrial  quadrupeds  b^'  river  floods — Skeletons  in  intent 
shell  marl — Imbedding  of  mammiferous  remains  iu  marine  strata. 

• 

Division  of  the  subject. — Havin  g  treat<?d  of  the  imbedding  of  organic 
remains  in  deposits  foriued  upon  the  land,  I  shall  next  consider  tbo 
including  of  the  same  in  deposits  formed  under  water. 

It  will  be  convenient  to  divide  this  branch  of  our  subject  into  three 
parts ;  considering,  first,  the  various  modes  whereby  the  relics  of  terres- 
trial species  may  be  buried  in  subaqueous  formations ;  secondly,  the 
modes  whereby  animals  and  plants  inhabiting  fresh  water  may  be  so 
entombed  ;  thirdly,  how  marine  species  may  become  preserved  in  new- 
strata. 

The  phenomena  above  enumerated  demand  a  fuller  share  of  attention 
than  those  previously  examined,  since  the  deposits  which  originate  upon 
dry  land  are  insignificant  in  thickness,  superficial  extent,  and  durability, 
when  contrasted  with  those  of  subaqueous  origin.  At  tlie  same  time, 
the  study  of  the  latter  is  beset  with  greater  difficulties ;  for  we  are  here 
concerned  with  the  results  of  processes  much  farther  removed  from  the 
sphere  of  ordinary  obser\'ation.  There  is,  indeed,  no  circumstance 
which  so  seriously  impedes  the  acquisition  of  just  views  in  our  science 
as  an  habitual  disregard  of  the  important  fact,  that  the  reproductive 
effects  of  the  principal  agents  of  change  are  confined  to  another 
element — to  that  larger  portion  of  the  globe,  from  which  by  our  very- 
organization  we  are  almost  entirely  excluded.* 

Imbedding  of  Terrestrial  Plants. 

When  a  tree  falls  into  a  river  from  the  undermining  of  the  banks  or 
from  being  washed  in  by  a  torrent  or  flood,  it  floats  on  the  surface,  not 
because  the  woody  portion  is  specifically  lighter  than  water,  but  because 
it  is  full  of  pores  containing  air.  When  soaked  for  a  considerable  time, 
the  water  makes  its  way  into  these  pores,  and  the  wood  becomes  tcater- 
logged  and  sinks.  The  time  required  for  this  process  varies  in  difierent 
woods;  but  several  kinds  may  be  drifted  to  great  distances,  sometimes 
•cross  the  ocean,  before  they  lose  their  buoyancy. 


•  Soe  above,  p.  67. 
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Wood  sunk  Uj  h  arcat  depth  in  the  sea. — Ii  wool  l>c  sunk  to  vast 
depths  iu  the  sea,  k  may  be  impregnated  with  water  suddenly.  Captain 
ScioieBby  iofonns  m,  in  his  Account  of  the  Arctic  Regions,  that  on  one 
qocmmh  a  whale,  on  being  harpooned,  ran  oat  all  the  Unea  m  the  boati 
whiohittheii  dn^ggad  imdflr  water,  to  tho  depth  of  aerenl  llioiisaod  feel* 
the  men  humg  jiut  tiiiie  to  escape  to  ft  piece  of  loe.  When  th«  fidi 
fetumed  to  the  surfaoe  "to  blow/*  it  was  struck  a  second  time,  and  aoon 
afterwards  killal.  The  moment  it  •  wpired  it  beijfaii  to  sink, — an  unusual 
circumstance,  which  was  found  to  bo  caused  by  the  weij^lit  of  tlio  smiken 
boat,  ^vhirh  still  remained  attached  to  it.  By  means  of  !inrpof>n.s  and  ropes 
the  hsli  was  prevented  from  sinking,  until  it  was  release<l  liuin  the  weight 
by  connecting  a  rope  to  the  lines  of  the  attached  boat,  which  was  no 
sooner  done  than  the  Qah  rose  again  to  the  8ur£ice.  The  suidceu  boat 
was  th«i  luuiled  up  with  great  labor ;  for  so  heavj  was  it|  tliat  alllioiigb 
before  tbe  accident  it  wonhl  have  been  bnoj^Wwhen  M  of  water,  yet 
it  now  reqmred  a  boat  at  each  end  to  keep  it  from  stoking.  **■  When  it 
was  hoisted  into  the  ship^  ike  paint  came  off  the  wood  in  large  sheets; 
and  the  planks,  which  were  of  wainscots,  were  aa  completely  soaked  in 
every  pore  as  if  they  had  lain  at  the  bottom  of  the  sea  since  the  flood ! 
A  wooden  apparatus  tliat  accompanied  the  boat  in  its  proiGfress  through 
the  deep,  consisting  cJiietiy  of  a  piece  of  tliick  deal,  alx»ut  tiflcen  inches 
square,  happened  to  fall  overboard,  and,  though  it  originally  <*onsisted  of 
the  lightest  fir,  siink  in  the  water  like  a  stone.  The  boat  wa.s  rendered 
useless ;  even  the  wood  of  which  it  was  built,  on  being  offered  to  the 
cook  ht  fucJ,  waa  tried  and  rejected  as  ineombnatibl&*** 

Captain  Sooresby  found  tbat^  by  sinking  pieces  of  fir,  elm,  ash,  Ao,  to 
the  depth  of  fonr  thousand  and  sometimes  six  thousand  feel,  they  became 
impregnated  with  sea-water,  and  when  drawn  up  again,  after  immenion 
for  an  hour,  would  no  longer  float  The  etlect  of  this  impregnation  was 
to  increase  the  dimcn«ons  as  well  as  Hic  specific  gravity  of  the  wood, 
every  solid  inch  having  increased  one-twentieth  in  size  and  twenty-one 
twenty-fifths  in  weight. f 

Drift-wood  of  the  MncJeenzie  River. — When  timber  is  drifted  down 
by  a  river,  it  b  often  arrested  by  lakes ;  and,  becoming  water-logged,  it 
may  sink  and  be  imbeddod  in  laeostrino  strata,  if  any  be  there  foiming ; 
sometimfis  a  portion  floats  on  tin  it  leaohea  flio  sea.  In  the  course  of 
f]ie  Mackeniie  River  we  have  an  example  of  vast  aocnmnlationa  <^  vege- 
table matter  now  in  progress  umU  r  both  these  circumstances. 

In  Slave  Lake  in  particular,  which  vies  in  dimensions  with  some  of  the 
great  fresh-water  seas  of  Canada,  the  quantity  of  drift-timber  brought 
down  annually  is  onormon>»,  "  As  the  trees,*  says  I>r.  Richardj^on, 
"retain  their  roots,  which  are  often  loaded  with  earth  and  stones,  they 
readily  sink,  e{5])ecially  when  wat«r-6oaked ;  and,  accumulating  in  the 
cddit^,  form  shoals,  which  ultimately  augment  into  islands.  A  thicket 
of  small  willows  covers  the  new-fimned  island  as  soon  as  it  appeaia 

*  Account  of  the  Arctic  B^onis^  vol.  ii.  p.  198.  f  Ibid.  p.  202. 
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ahove  water,  and  their  fibrous  roots  serve  to  bind  iLc  whole  firmly 
togeilier.  Sectioos  of  the^ie  islands  are  annuallj  made  bj  the  riveCf 
aadoted  by  the  frost ;  and  it  is  interesting  to  stud j  the  direnity  of  Appstf^ 
anecs  tbcy  presenti  aooording  to  their  diffetent  agiea.  The  trunlca  of  tha 
tnea  gradnally  decay  until  they  aie  oonverted  into  a  Uaddsh  hiown 
substance  resembling  peat,  but  which  still  retains  more  or  less  of  tbe 
fibrous  structure  of  the  wood  ;  and  layen  of  this  often  alternate  with  lay- 
ers of  clay  and  sand,  the  wliol.-  Ix  incf  ponftrate-l,  to  the  depth  of  four  or 
five  vards  or  moK',  by  the  img  iibrous  roots  of  the  willows.  A  deposition 
of  t!ii-  kind,  with  the  aid  of  a  little  intiltnition  of  biluniinous  matter, 
woiil'i  jToduce  an  excellent  imitation  of  coal,  witli  vegetable  impressions 
of  the  willow-roots.  AVhat  appeared  most  remarkable  w  as  the  horiiontaJ 
slaty  struotitre  that  the  old  aUufial  banks  presented,  or  the  rr^mfar  amt 
that  the  sttsta  assumed  from  unequal  subsidwce* 

**Xt  was  in  the  rirem  only  that  we  could  obsem  seotioDs  of  ifaeae 
deposits ;  but  the  same  operation  goes  on,  on  a  much  more  magwfioent 
scale,  in  the  lakes.  A  shoal  of  many  miles  in  extent  is  formed  on  ibe 
south  side  of  Athabasca  Lake,  by  the  drift-timber  and  vegetable  debris 
brought  down  by  the  Elk  River :  nnd  tlie  Slave  Lake  itself  inu^t  in 
process  of  time  l^e  filled  up  by  maLtera  daily  conveyed  into  it  from  Slave 
Kiver.  Vast  quantities  of  dritVtimber  are  buried  under  tiie  sand  nt  the 
mouth  of  the  river,  and  cnornious  pil^  of  it  are  accumulated  on  the 
shores  of  every  part  of  the  lake."  * 

The  banha  ci  the  Mackoude  display  almost  everywhere  horizontal 
beds  of  wood  coal,  alternating  with  bituminoua  clay,  gravel,  sand,  and 
inable  sandstone ;  sections,  in  short,  of  such  deposits  as  are  now  evi- 
dently forming  at  the  bottom  of  the  lakes  which  it  traverses. 

KotWtthstanding  the  vast  forests  intercepted  by  the  lakes,  a  still 
greater  mass  of  drifl-wood  is  found  where  the  Mackenzie  reaches  the 
sea,  in  a  latitude  where  no  wood  grows  at  present  except  a  few  stunted 
willows.  At  the  mouths  of  the  river  the  alluvial  matter  has  fonn*'d  .-i 
barrier  of  islands  and  shoals,  where  we  may  expect  a  great  formatioo 
of  coal  at  some  distant  period.  * 

The  abundance  of  floating  timber  on  the  Mackciuie  is  owing,  as  Dr. 
fiichardson  inibnos  me,  to  the  direction  and  to  the  length  of  the  coarse 
of  this  river,  which  runs  from  south  to  north,  so  that  the  sources  of  the 
stream  lie  in  much  warmer  latitudes  than  its  mouths*  In  the  oonntiy, 
therefore^  where  the  sources  are  situated,  the  frost  breaks  up  at  an 
earlier  season,  while  yet  the  waters  in  the  lower  part  of  its  course  are 
ice-bound.  Hence  the  current  of  water,  rushing  down  northward, 
reaches  a  point  where  the  thaw  has  not  bcj^tm,  and,  finding  the  chan- 
nel of  the  river  blocked  up  with  ieo,  it  overrtows  the  banks,  sweeping 
through  forests  of  pincis,  and  carryini^'-  away  thousands  of  uprooted  trees. 

Drift-timber  on  coasts  of  JceiaiJ^  Spitzberrfen,  itr. — ^The  ancient 
(brents  of  Iceland,  observes  Malte-lirun,  have  been  improv  identiy  exhausted ; 

*  Dr.  Ki«faardaoa's  Qeognost  Obii  en  Gapt  RaaUiii*s  Felar  Expeditissu 
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bat^  dthoogh  the  Icelander  can  obCain  no  timber  from  the  land,  he  is  sup- 
plied with  it  abundantly  by  the  ooean.  An  immense  quanti^  of  thick 

trunks  of  pines,  firs,  and  otiier  trees,  are  t!irown  upon  the  nofUieni  coast 
of  the  island,  especially  npon  the  Korth  Cape  and  Cape  Langaness,  and 

aro  then  c.irriod  by  the  waves  alonjj'  tliese  two  promontories  to  other  parts 
of  the  coast,  so  as  to  afford  sufficleiiey  of  \vo<xl  lor  fuel  and  for  construct- 
ing boat*.  Timber  is  aLsO  carried  to  tlie  shores  of  Labrador  r:nd  Oreen- 
laod  ;  and  Grantjs  assures  u»  that  tlie  masses  of  floatimrj  wood  tlauH  u  hy  the 
waves  upon  the  island  of  John  do  Mayeu  often  eijual  the  whole  of  that 
island  in  extent* 

In  a  similar  manner  the  bays  of  Spitzbeigen  are  filled  with  drift-wood, 
which  acctimnlates  also  upon  those  parts  of  the  coast  of  Siberia  that  are 

exposed  to  the  east,  consistini:;  of  larch  trees,  ptnes^  Siberian  cedats^  fiia^ 
and  Pernambuco  and  Campeachj  woods.  These  trunlcs  appear  to  have 
been  swept  away  by  the  great  rivers  of  Asia  and  America.  Some  of  them 
are  brou^^bt  from  the  Gulf  of  Mexico  by  the  Bahama  stream ;  while 
others  are  hurried  forward  by  the  current  \A}]i(  h,  to  the  nortli  of  Siberia, 
constantly  sets  in  from  east  to  west.  S<>ine  of  tlitse  trees  have  been  de- 
prived of  their  bark  by  friction,  but  aro  in  such  a  state  of  preservation  as 
to  form  excellent  building  timber.f  Parts  of  the  branches  and  ahnoet  all 
the  roots  nmun  fixed  to  the  pines  which  ha?e  been  dxifted  into  the  North 
Sea,  into  latitudes  too  cold  for  the  growth  of  such  limber,  bat  the  tnmks 
are  nsually  barked. 

The  leaves  and  lighter  parts  of  plants  are  seldom  earned  out  to  sea,  in 
any  part  of  the  globe,  except  during  tropical  hurrican<»  among  ialands, 
and  during  the  agitations  of  the  atmospb^  which  sometimes  accompany 
earthquakes  and  voli\inic  *'ruj>tion.s. 

Comparative  numhir  of  living  and  fossilized  sjyecies  of  plants. — It  will 
appear  from  thcio  obs^-rvations  that,  although  the  remains  of  terrestrial 
Testation,  borne  down  by  aqueous  causes  from  the  land,  are  chiefly  depo- 
nted  at  the  bottom  of  Idces  or  at  the  mouths  of  riven,  yet  a  oonaidenh 
Ue  quantity  is  drifted  about  in  all  directions  by  currents,  and  may  become 
imbedded  in  any  marine  formation,  or  may  sink  down,  w  lu  n  water-logged, 
to  the  bottom  of  unfathomable  abysses,  and  there  accumulate  without  inter- 
mixture with  other  substance?. 

It  mav  Im3  asked  w  hether  we  have  any  data  for  inferring  that  the 
remains  of  a  considerable  proportion  of  the  existing  species  of  plants  will 
be  permanently  preserved,  so  as  to  bo  hereafter  recognizable,  supposing 
the  strata  now  in  progress  to  bo  at  some  future  period  upraised  ?  To  this 
inquiry  it  may  bo  answered,  that  there  are  no  reasons  for  expecting  that 
more  than  a  small  number  of  the  plants  now  flouruhing  in  the  globe  will 
become  ;  rince  the  entire  habitations  of  a  great  number  of  diem 

aro  remote  fttm  laikes  and  sess,  and  even  where  they  grow  near  to  large 
bodies  of  water,  the  dreomstancea  are  quite  accidental  and  partial  which 

*  Malt«-Bnui,  Q«og^  voL  v.  part  1.  p.  112. — Braat^  Hi«t  of  Grceuliuid,  torn, 
tpp.  5S»  M. 

^  Olefteo,  Voyage  toIoeleiid»toiD.  L— Mall»-Bnm'!tOM|^,  toL  v.  peril  p.  lit. 
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finrar  the  imbedding  and  conservation  of  vegetable  remains.  Suppose,  fof 
example,  that  the  species  of  plants  iubabitiug  the  hydrographical  basin 
<tf  the  Rhine,  or  that  region,  extending  from  the  Alps  to  ihc  p+  a,  which  i? 
Trator*"!  hv  tho  Rhine  and  its  niirnorous  tributaries,  to  be  about  2500  in 
number,  exciu>ive  of  the  crvptoganiic  elas?.  This  estimate  is  by  no  nuams 
exaggerated ;  yet  if  a  geologist  could  explore  the  deposits  which  have 
resulted  from  the  sediment  of  the  BUM  hi  the  Liko  cf  Oomtoncia,  ind 
off  tbe  oonat  of  HoUancI,  he  xnold  loatoel  j  expect  to  ciiCam  from  the 
leoent  etnte  Che  leavet^  nood,  and  aeeda  of  apeoiea  in  ao^  « ilate 
of  pieBemition  as  to  enable  •  botanist  to  deteniune  thcar  apeoifio  ehaiao^ 
ten  with  certainty. 

Those  naturalists,  therefore,  who  infer  that  the  ancient  flora  of  the  globe 
was,  at  certain  periods,  loss  varied  than  now,  merely  because  they  haw 
as  Y*  t  (discovered  on1v  n  tVw  hundred  fossil  species  of  a  particular  epocli, 
while  ili  'V  ran  enunienUe  more  than  one  hundr«id  thousand  living  ones, 
are  reas<.>mug  on  a  false  basis,  and  their  standard  of  companson  is  not  the 
same  in  the  two  cases. 

Suimmrine  fomU  on  eootf  ^  ITante^We  ham  alieadj  seen  that  the 
eabmarine  position  of  sefonl  finesta^  or  the  lemains  of  tieca  standing  in  a 
▼ertioal  position  on  the  British  shores^  hsa  been  dae^  in  aome  inrtancca^ 
to  the  sabudeooe  of  hmd.*  Tliere  are  some  cases  which  re<juire  a  ^fioi^ 
ent  explanation.  M7  friend,  Mr.  Charles  Harris,  discovered,  in  1881,  evi- 
dent traces  of  a  fir-wood  beneath  the  mean  level  of  the  s<'a,  at  Bonmmouth, 
in  Hamp^^hiif,  llto  fornnfion  ha\*ipg  been  laid  open  during  a  low  spring 
tide.  It  is  composed  ot  peat  ajid  wood,  and  is  situated  betwe*'n  the  Ixach 
and  a  bar  of  sand  about  200  yards  oft^  and  extends  fiftv  vards  aloug  the 
shore.  It  also  lira  in  the  direct  liuc  of  the  Bourumouik  \  alley,  from  tlie 
tennination  of  whiofa  it  is  separated  by  200  yards  of  shingle  and  drift- 
sand.  Down  the  Talkj  ilows  a  large  brooh^  travening  nsar  its  mouth  a 
oonndersible  trsot  of  rough,  boggy,  and  heathy  gronnd,  whioh  pndnfles  a 
few  budhttees,  and  a  grant  abundance  of  the  Mfrkagtds.  SenaSjm 
rings  of  annual  growth  iwe  counted  in  a  transvereo  section  of  one  of  the 
buried  fir-frees,  which  ms  fourteen  inches  in  diameter.  Besides  the 
stumps  and  roots  of  fir,  pieces  of  alder  and  birch  are  found  in  tbe  y>eat ; 
and  it  is  a  curious  ffu-t,  thnt  n  pnrf  f>f  manv  of  the  trees  have  l>een  con- 
vert<?d  into,  iron  pyrites.  The  peai  n-sts  on  pel»}'>ly  .strat:i,  precisely  similar 
to  the  sand  and  pebbles  occurring  on  tlio  adjoininir  lieaths. 

As  the  sea  is  encroaching  on  this  shore,  we  mny  nuppose  tliai  at  some 
former  period  the  Bourne  Valley  extended  farther^  and  that  its  extremity 
consisted,  as  at  prssent,  of  boggy  ground,  partly  dothed  with  fir-tnes. 
Tbe  bog  rested  on  that  bed  of  pebbles  whioh  we  now  see  below  the 
peat;  and  the  sea,  in  its  progreesife  eneroaehmenta,  eventually  laid  bare, 
at  low  water,  the  sandy  foundations ;  npon  which  a  stream  of  firedk 
water,  rushing  through  the  sand  at  the  fall  of  the  tides,  carried  out  loose 
sand  with  it.   The  sapernitratum  of  vegetable  matter,  bebg  matted  and 

*  See  aboT%  pp.  303  and  323. 
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bound  togetfker  bj  tbQ  mote  of  trees,  Temainod ;  but  bong  imdeniuiied, 
esnk  down  below  tbe  level  of  the  boa,  luid  then  the  wsvee  washed  sud 
nud  thmgle  over  iU  In  eo^port  of  thie  hypothene»  it  maybe  obee^ed, 
that  email  sttvanu  of  fresh  water  often  pass  under  the  sands  of  the  tea- 
beaoh,  so  that  they  may  be  oraesed  diy-ehod ;  and  the  water  is  seen,  at 
the  point  where  it  issuer,  to  carry  out  sand  and  even  pcbblef?. 

Mineralisation  of  plants. — Althougli  tlie  botanist  and  chemist  have 
an  yet  been  unable  to  explain  fully  the  manner  in  which  wood  becomes 
petrified,  it  is  nevertheless  ascertained  that,  under  favorable  circum- 
stances, the  lapidifying  proce^  is  now  coiuiuualJy  goiog  on.  A  piece 
of  wood  was  lately  procured  by  Mr.  Stokes,  from  an  ancient  Eoman 
aqiiediket  in  Westphalia,  in  whieh  some  portions  were  oonverted  into 
spindle^hnped  bodies,  consisting  of  carbonate  of  Kme^  while  the  rest  of 
the  wood  remained  in  n  oomparatively  unchanged  state.*  It  appears 
that  in  some  cases  the  meet  perishable,  in  others  the  most  durable,  * 
portions  of  plants  are  preserved,  variaUons  which  doubtless  depend  OD 
the  time  when  the  mineral  matter  was  supplied.  If  introduced  imme- 
diately, on  the  first  commencement  of  decomposition,  ihm  the  most 
destructible  parts  are  lapidified,  while  the  more  durable  do  not  waste 
away  lui  aiicrwards,  when  the  supply  hits  lailed,  and  so  never  become 
petrified.  The  converse  of  these  circumstances  gives  rise  to  exactly 
opposite  resnlts.  ^ 

Pressor  GOppert,'  of  Breslav,  has  instituted  a  series  of  cnrioufc 
experimenia,  in  which  he  has  suooeeded  in  produdng  some  veiy  remark- 
able imitations  of  fossil  petrifactions.  He  placed  recent  ferns  between 
soft  layers  of  clay,  dried  these  in  the  shade,  and  then  slowly  and 
gradually  heated  them,  till  they  were  red-hot.  The  result  was  the 
production  of  so  perfect  a  counterpart  of  fossil  plants  as  might  have 
deceived  an  experienced  geologist.  According  to  the  different  degrees 
of  heat  applied,  t)!<^  plants  were  obtained  in  a  brown  or  perfectly  car 
bonized  condition ;  and  sometimes,  but  more  rarely,  they  were  i«  a  black 
diining  state,  adhering  closely  to  the  layer  of  day.  If  the  red  heat 
was' sustained  until  all  the  organio  matter  was  burnt  up,  only  an 
impression  of  the  phmt  remained. 

The  same  chetnist  steeped  ]dnni»  in  a  moderately  strong  solution  of 
Stdphate  of  iron,  and  left  them  immersed  in  it  for  seveml  days,  until 
they  were  thoroughly  soaked  in  tlio  liquid.  They  were  then  dried,  aod 
kept  heated  until  they  would  no  Ioniser  shrink  in  volume,  and  until 
every  trace  of  organic  matter  had  dissappeared.  On  cooling  them  he 
Ibund  that  the  oxide  formed  by  this  process  had  taken  the  form  of  the 
plants.  A  variety  of  other  experiment's  were  made  by  steeping  animal 
and  vegetable  substances  in  biliceous,  calcareous,  and  metallic  solutions, 
and  an  tended  to  that  thembersliialion  4tf  oiganio  bodies  can  be 
carried  much  fiuther  ih  a  short  time  than  had  beep  pmiously  supposed.! 

*  OeoL  Trans.,  secood  iieri«fl»  voL  v.  pw  212. 

\  Ooppert,  Poggend«»rffii  Asnsleii  dnr  Fbjrik  vdA  Ghemis^  vol  snvih.  pail 
iv^  LeipM<v  16S0.  8m  alio  Lydl's  Maniul  6f  G«eL,  p.  40. 
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Imbedding  tif  thi  Bemaini  InttcU, 

I  have  observed  the  elytra  and  other  parts  of  beetles  in  a  band  of 
fissile  clay,  separating  two  beds  of  recent  shell-marl,  ia  the  Locli  of 
Einnardj  in  Fotfiitihire.  Amongst  these,  Afr.  Cintb  neogniied  .Blaiar 
Umatw  and  Aiopaeervina^  ipeetes  still  living  in  Scotland.  Thea6^  aa 
weU  aa  other  remaans  which  accompanied  them,  appear  to  belong  to 
tenertrial,  not  aquatic  species,  and  must  have  been  canied  down  in 
muddy  water  during  an  inundation.  In  the  lacnstrine  peat  of  the  eame 
locality,  the  elytra  of  beetles  are  not  nnoommon ;  but  in  the  deposits 
of  drained  lakes  generally,  and  in  the  silt  of  our  estuaries,  the  relics  of 
this  class  of  the  animal  kinsxdom  are  rare.  In  the  blue  clav  of  verv 
modern  orioiu  of  Lewes  levels,  Dr.  Mantell  has  found  the  Indusia,  or 
cases  of  the  larvae  of  Phryganea,  in  abundance,  with  minute  sheUa 
belonging  to  the  genera  Planorbis,  Limnea,  &c.,  adhering  to  them.* 

When  speaking  of  the  migrations  of  insects,  I  pointed  out  that  an 
immense  number  are  floated  into  hikes  and  sees  by  liveta^  or  blown  by 
winds  far  from  the  land ;  but  they  are  so  buoyant  thai  we  can  only  sup- 
pose ihem,  under  very  peculiar  circumstances,  to  sink  to  the  bottom 
before  they  are  either  devoured  by  insectivorous  animala  or  decomposed. 

    « 

As  the  bodies  of  several  crocodiles  were  found  in  the  mud  brought 
down  to  the  sea  by  the  river  inundation  whicli  attended  an  earthquake 
in  Java,  in  the  year  li>99,  we  nmy  imagine,  that  extraordinary  floods 
of  mud  may  stifle  many  individtials  of  the  shoals  of  alligators  and  other 
reptiles  which  frequent  lakes  and  the  deltas  of  rivers  in  tropical  dimates^ 
Hiousands  of  frogs  were  found  leaping  about  among  the  wrecks  earried 
into  the  sea  by  the  inundations  in  Morayshirei  in  1820  ;f  and  it  is 
evident  Uiat  whenever  a  sea^liff  is  undermined,  or  land  is  swept  by 
other  Tiolent  causes  into  the  sea,  land  reptilea  may  be  orried  in.  • 

'BematM  cf  BmU, 

We  might  have  anticipated  that  the  imbedding  of  the  remains  of  birds 
in  new  strata  would  bo  of  very  rare  occurrence  ;  for  their  powers  of  flight 
insure  them  against  perishing  by  numerous  casualties  to  which  quadrupeds 
are  exposed  dunng  floods ;  and  if  they  chance  to  be  drowned,  or  to  die 
when  swimming  on  the  water,  it  will  scarcely  ever  happen  that  they  will 
be  submeiged  so  ss  to  become  preserved  in  sedimentaiy  dqwsitfli  In 
oooseqiience  of  the  hoUow  tubular  structure  of  thdr  bones  and  the 
quantity  of  their  feathers,  they  are  extremely  light  in  proportion  to  their 
volume;  so  that  when  flist  killed  they  do  not  sink  to  the  bottom  like 

*  Trans.  GeoL  Soo.,  voL  iii.  part  i.  p.  201,  s«eond  seriea^ 
t  flir  T.  D.  Laoder^s  AMonntp  Sd.  ed,  p.  812. 
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quadrupeds,  but  float  on  the  surface  mitU  die  cazoeM  ddier  zoto  away  or 

is  devoured  by  predaceous  animals.   To  these  causee  w»  may  ascribe  the, 

absence  of  any  vestige  of  the  bones  of  birds  in  the  recent  marl  formations 
of  Scotland;  although  these  lakes,  until  the  moment  when  the?  were 
artificially,  draine^i,  were  frequented  by  a  gt«at  abundance  of  waterfowl 

Imbedding  of  Tmttirial  guadrupmh, 

Biver  inUDdations  recur  in  most  at  very  irregnlar  interrafai 

and  expend  their  fury  on  those  rich  alluvial  plains  where  herds  of  herbi- 
vorous quadrupeds  congregate  together.  These  animals  are  often  sur- 
prised ;  and,  being  unable  to  stem  the  current,  are  hurried  along  until 
they  are  (lrowne<l,  when  they  sink  nt  firnt  immediately  to  the  bottom. 
Here  tlieir  bodies  are  drilkd  along,  together  with  sediment,  into  lakes  cr 
seas,  and  may  then  bo  covered  by  a  mass  of  nmJ,  sand,  and  pebbles, 
thrown  down  upon  th^m.  If  there  be  no  sediment  superimposed,  tlie 
gases  generated  by  putre&etion  usually  cause  the  bodiea  to  rise  again  to 
the  autftoe  about  the  ninth,  or  at  hiteet  the  fourteenth  day.  Th^  pressure 
of  a  thin  covering  of  mud  would  not  be  sufficient  to  retain  them  at  the 
bottom ;  for  we  see  the  putrid  carcasses  of  doga  and  cala,  eren  in  riven, 
floating  with  considerable  weights  attached  to  them,  and  in  searwater  they 
would  be  still  more  buoyant. 

Where  the  body  is  so  buried  in  drift  sand,  or  mud  accumulated  upon 
it,  as  never  to  rise  again,  tlie  skeleton  may  be  prcser\'cd  entire;  but  if  it 
comes  again  to  the  .siiriaee  wlule  in  the  process  of  putrefaction,  tlie  bones 
commonly  £U1  piecemeal  from  tiie  floating  carcass,  and  may  iu  tiiat  case 
be  scattered  at  random  over  flie  bottom  of  the  kke^  estuary,  or  sea;  so 
that  a  jaw  may  afterwards  be  found  in  one  place,  a  rib  in  another,  a 
humerus  in  a  third— all  included,  perhaps,  in  a  matrix  of  tine  materials, 
where  there  may  be  evidence  of  slight  transporting  power  in  the  ounentf 
or  even  of  none,  but  simply  of  some  chemical  precipitate. 

A  large  number  of  the  bodies  of  drowned  animals,  if  they  float  into 
the  sea  o-  a  lake,  especially  in  liot  climatof.  fire  instantly  devoured  by 
sharks,  alligators,  and  other  carnivorous  beasts,  which  may  have  power 
to  digest  even  the  bones;  but  during  extraordinary  floods,  when  the 
greatest  number  of  land  animals  are  destroyed,  the  waters  are  commonly 
so  turbid,  especially  at  the  bottom  of  the  channel,  that  even  aqualio  spe- 
desare  compelled  to  escape  into  seme  reCieat  where  there  ia  dearer  wator, 
lest  they  should  be  stifled.  For  this  reason,  as  well  aa  the  rapidity  of 
sedimentary  depotttion  at  .such  seasons,  the  probability  of  carcasses 
becoming  permanently  iml>edded  is  considerable. 

Flood  in  the  Solteay  Firth,  1794. — One  of  tlie  most  memorable 
floods  of  modem  date,  m  our  island,  is  that  which  visited  part  of  the 
southern  l>orders  of  Scotland,  on  the  24th  of  January,  1794,  and  which 
spread  particular  devastation  over  the  country  adjoining  tlte  Solway 
Firth. 


750  iMBiDDnro  €9  [OlXlth. 

We  leara  from  the  account  of  Captain  Napier^  thai  the  heavy  rainB 
had  swollen  every  stre.un  which  entered  the  Firth  of  Rolway ;  so  that 
the  inundation  not  only  carried  fiway  a  great  nuraljer  of  cattle  and  sIuh  p, 
but  many  of  tho  herdsmen  and  shepherds,  wasliinc:  down  their  bcKiics 
into  the  estuary.  After  the  &tonD,|when  the  flood  subsided,  an  ertraoidi* 
uaiy  spectacle  wai  teen  on  a  btgo  aand-bank  palled  the  beds  of  Edc,'' 
wlien  there  is  a  meeting  uf  the  tidal  watei8|  and  where  heavj  MSm  are 
usnally  left  atnnided  after  gnat  floode.  On  thk  etn|^e  hank  weie  (bond 
collected  together  the  bodiea  of  0  Uack  eatde^  B  honeB^  1840  abeep^ 
45  dogs,  160  hares,  besidea  a  great  amnber  of  amaller  aniiaali^  and, 
mingled  with  the  rest,  the  corpses  of  two  men  and  one  woman.* 

Floods  in  Scotland,  1829. — In  those  more  recent  floods  in  Scotland, 
in  Aii<Tii=:t,  1829,  \vheroby  a  f«„Ttile  district  on  the  east  coast  became  a 
scene  oi  dreadful  desolation,  a  v;L^t  nuniber  of  animals  and  plants 
were  washed  from  the  land,  and  found  scatUircd  about  after  the  storm, 
around  the  moutha  of  tho  principal  rivers.  An  eye-witness  thus 
deacribea  the  seene  whioh  preaented  itself  at  the  mouth  of  tlie  ^y, 
in  Morayshire  i — ^"For  aerefal  miles  along  the  beach  crowds  were 
employed  in  endeavoring  to  save  the  wood  and  other  wreck  with  which 
the  heavy-rolling  tide  was  loaded;  whilst  the  margin  of  the  sea  was 
strewed  with  the  carcasses  of  domestic  animalsi  and  with  miUicos  of 
dead  hares  and  rabbit*.^  f 

Snvaimrrhs  of  South  America. — We  nrf^  informed  by  Humboldt, 
that  during  the  periodical  sweliiugs  of  tho  larLT.  rivors  in  South  America 
great  numbers  of  quadrupeds  are  annually  Urouned.  Of  the  wild 
horses,  for  example,  which  graze  iu  iuimeuse  troops  iu  tho  &av  aon<di^ 
thonsands  are  s^d  to  perish  when  the  rirer  Apure,^  tributary  of  the 
Orinoco,  is  swollen,  before  they  hare  time  to  reach  the  risbg  groond 
of  the  Iibnos.  Hbe  mares,  during  the  season  of  high  water,  may  be 
seen,  followed  by  their  cdts,  swimming  about  and  feeding  on  the  graaa^ 
of  which  the  to^  alone  waves  above  the  waters.  In  this  state  they  are 
pursued  by  crocodiles;  and  their  thighs  frequently  bear  the  prints  of 
the  teeth  of  these  carnivorous  reptiles.  "Such  is  the  •pHabiVity," 
ob^r.fves  the  celebrated  traveller,  of  the  oriranization  of  the  animals 
%vhich  man  has  subjected  to  bis  sway,  that  horses,  cows,  and  other  spe- 
cies of  European  origin,  lead,  for  a  lime,  au  amphibious  life,  surrounded 
by  crocodiles,  water-serpents,  and  manatees.  When  the  rivers  return 
again  into  their  beds,  they  roam  in  the  sarannah,  which  is  then  spread 
over  with  a  fine  odoriferous  grass,  and  enjoy,  as  in  their  natiTe  elimate, 
the  renewed  regetation  of  spring.**} 

Itaodt  of  thi  Parana. — Tlie  great  number  of  animals  wWch  ar» 
drowned  in  seasons  of  drought  in  the  tributaries  of  the  Plata,  was  before 
mentioned.  Sir  W.  Parish  states,  that  the  Parana,  flowing  from  tlie 
mountains  of  -  Bnud^  to  the  estuary  of  the  Pkta,  is  haUe  to  great  Hoodi^ 

♦  TVMtue  on  Praetioal  Store  Farming,  p.  ^ 

f  Bir  T.  D.  I,au(ler*a  Floods  in  Mornyshire,  ISSV;  and  sbOT^  p  IM. 
I  Mumboldt'e  ^en.  liar.,  toL  iv.  pi  3M. 
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ud  during  one  of  these,  in  the  year  1B12,  vast  quantities  of  cattle  were 
carried  away,  *^and  when  the  waters  began  to  subside,  and  the  islands 

which  tliey  hnd  covered  becamo  ns^hi  visible,  tlie  whole  atmo«sphere 
t'V  a  liin  '  was  poisoned  by  the  effluvia  from  tlio  innumerable  carcasses 
oi  .skunks,  capyboras,  tigers,  and  <^her  wild  beasts  which  had  Ix^ 
drowned."* 

Itooit  of  the  Chmgtti — -We  find  it  continually  stated,  by  those  who 
dfisoribe  the  Gsagos  and  Bummpooter,  that  then  riven  carry  befim 
them,  daring  the  flood  seasoOt  not  only  floats  <tf  leedi  and  tunbor,  bvi 
dead  bodiei  of  men,  deer,  and 

In  Java^  1699. — have  already  referred  to  the  effects  of  a  flood  which 
attended  an  earthquake  in  Java  in  1699,  when  the  turbid  waters  of  the 
Batavian  river  <l''^troye<l  all  the  fish  except  the  carp ;  and  wlien  drowned 
buffaloes,  tigei-s,  rhinoceroses,  deer,  a}>e.s,  and  other  wiM  1v»>nsts,  wero 
bro!i£jht  down  tx)  the  sea-const  by  the  current,  with  several  crocodiles 
which  had  been  siiflwi  iu  the  mud.    (See  above,  p.  503.) 

On  the  western  side  of  the  same  island,  in  the  territoty  of  Galongoon, 
in  the  Regencies,  a  more  recent  Toleanic  ernption  (that  of  1832,  before 
described)  (see  above,  pb  481)  vas  attended  by  a  flood,  during  which  the 
river  Tandoi  bore  down  hnndieds  of  earcaases  of  rbmooeroaca  and  bufiii^ 
loes,  and  swept  ay  more  than  one  hundred  men  and  women  from  % 
mnltitude  assembled  on  its  banks  to  celebrate  a  festival.  Whetlier  the 
bodies  reached  the  f;ea,  or  were  deposited,  with  drift  matter,  in  some  large 
intervt  iiiiii^  alluvial  plains,  we  are  not  inforraed.J 

Sumatra. — "  On  the  CA>mi  of  Orissa,"  says  Ileynes,  "  I  have  seen  tigers 
and  whole  herd«  of  black  cattle  carried  along  by  what  are  called  freshes, 
and  trees  of  immense  si2e."§ 

Virginia^  W\, — might  enumerate  a  great  nnmber  of  local  de- 
luges that  have  swept  through  the  fertile  lands  bcndering  on  large,  riven, 
espeoiaUyin  tropical  C(mntries,but  I  should  snipass  the  limits  assigned  to 
this  work.  I  may  observe^  however,  that  the  destructioii  of  the  islands, 
in  rivers,  is  often  attended  with  great  loss  of  lives.  Thus  when  the  prin- 
cipal river  in  Virginia  rose,  in  1  "771,  to  the  height  of  twenty-five  feet  above 
its  ordinary  level,  it  s^ept  entirely  away  Elk  Island,  on  which  were  seven 
hundred  head  of  quadrupeds, — horses,  oxen,  sheep,  and  hogs, — and  nearly 
one  huinhinl  houaes.|| 

The  reader  will  gather,  from  what  was  before  said  respecting  the  depo- 
sition of  sediment  by  aqueous  causes,  that  the  greater  number  of  the 
zemaios  of  quadrupeds  drifted  away  by  riveia  must  be  ii^jteroepted  by 
lakes  before  they  reach  the  sea,  or  buried  in  fi!ediw%ter  fonnataoos  near 
the  months  of  rivers.  If  they  are  carried  still  forther,  the  prot»bilities 
are  increased  of  their  rising  to  the  surface  in  a  state  of  putrefaetioPj 
andy  in  that  case,  of  being  there  devoured  by  aquatic  beasts  of  prey,  cr  of 

♦  Buenos  Ayrea  nnd  Iji  Pltitft.  p.  187.    f  Malte-Brnn'e  Geog.,  vol.  uL  pk  28.^ 
X  Thiii  account  I  had  from  Mr.  B^umhauer,  Director-General  of  FinsnMS  ia 
Java. 
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subsiding  into  some  Bpof  s  whither  no  se<liment  is  convey e<J,  aiul,  conse- 
quently,  where  every  vestige  of  them  will,  in  the  courae  of  time,  diai^ 
pear. 

Skeletons  of  animaU  in  recent  shell^arl,  Scotland. — In  bome  in- 
stanoeB,  the  akeletoiis  of  <)iuu)rupeds  m  met  witl)  abondantiy  in  raoent 
shell-marls  in  Sootiaod,  where  we  cannot  rappoM  fheqi  to  have  been 
imbedded  by  Ibtt  action  of  riven  or  floods.  Tbxiy  all  belong  to  qseoieB 
wbidl  now  inhabit,  or  are  known  to  have  been  indigenOQS  in  Scotland. 
Tbjo  remains  of  several  hundred  skeletons  have  been  procured  within  the 
last  century  from  fire  or  six  small  lakes  in  Forfjirehire,  where  shell-marl 
has  been  worked.  Those  of  the  stag  [Cervus  Elaphaa)  are  nicst  nume- 
rous; and  if  the  others  be  arranged  in  the  order  of  their  relative  abun- 
dance, they  will  nearly  follow  tlins — tlic  ox,  the  hoar,  the  liorst  ,  the 
sheep,  the  dog,  the  hare,  the  fox,  tlic  wull,  and  the  cat.  The  btavcr  4»t.'ciui 
extremely  rare;  but  it  has  been  found  in  the  shell-mail  of  Loch  Marlie,  in 
PeiUiahire^  and  in  the  parish  ^Edrom,  in  Berwiolnhite. 

In  the  greater  part  of  tbeae  laibeilepoBita  tba«  are  no  signs  of  floods; 
and  tibe  expanse  of  water  was  originally  so  confined,  lliat  the  amsUest  of 
the  ahomnentioned  quadrupeds  could  have  crossed,  by  swimming  from 
one  shore  to  the  other.  Deer,  and  such  species  as  take  readily  to  the 
water,  may  oft»;Mi  have  boon  mired  in  tr)'ing  to  land,  whcro  the  bottom 
vas  soft  and  quaggy,  and  in  their  efforts  to  cscajx)  may  luive  plunged 
deeper  into  the  marly  bottom.  Some  individuals,  I  sujfjxot,  of  different 
species,  have  fallen  in  when  crossing  the  frozen  surface  in  \vint»  r;  fur 
nothing  can  be  more  treacherous  than  the  ice  when  covered  wiili  snow, 
in  coosequenoe  of  the  springs,  which  are  numerooa,  end  whidi,  retaining 
always  an  equal  temperatnre,  cause  the  ice^  in  certain  spots^  to  be  ^Etramely 
thin,  while  in  ereiy  other  part  of  the  laika.  it  is  strong  enough  to  bear  the 
heaviest  weights. 

Mcminii^eroua  remains  ta  marim  strata. — As  the  bones  of  mammalia 

are  often  so  abundantly  presen'od  in  peat,  and  such  lakers  as  hare  just 
h^f'n  described,  the  encroachments  of  a  sea  upon  a  coast  may  f^omeiinitas 
throw  down  the  imbedded  skeletons,  so  that  they  may  be  carrit-d  away 
by  tides  and  currents,  and  entombed  in  submarine  formations.  Some  of 
the  smaller  quadrupeds,  also,  which  burrow  in  the  ground,  as  well  a&  rep> 
tiles  and  every  species  of  plant,  are  liable  to  be  cast  down*  into  the  wares 
by  this  cause,  which  must  not  be  overiooked,  although  probably  of  ccm- 
paiatively  small  importance  amongst  the  nmneroiis  agenta  whereby  ter^ 
restrial  orgaaic  remains  are  included  in  submarine  strata. 

During  the  great  earthquake  of  Conception  in  1835,  soma  oatd^ 
which  were  standing  on  the  steep  sides  of  the  island  of  Quinquina,  were 
rolled  bv  tlie  shock  into  the  while  on  a  low  island  at  the  head  of  the 
Bay  of  Conception  seventy  animals  were  washed  off  by  a  great  wave  and 
drowned.* 

♦  Dtrwia's  Jonas;  n.'StSL  2d  el,  ISM^  ^  <0«. 
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mBKDDXKO   OF  TUB   KEM.UKS   OF  MAN  AND  HIS  WOBSS  Ol 

SUBAQUEOUS  BTBATA* 

Dfiftiiig  of  4i«iuui  bodufl  to  th«     l>jriT«r  urandatioiu — Destruction  of  bridges . 
Ssd  hou8^— Lms  of  lives  by  shipwreck — How  human  corpflcs  msj  be  pra* 

served  in  recent  deposits — Xumber  of  wr^iokt-J  vessels — Fi^ssil  Blicletons  of 
men — ^Fowil  eanoes^  ships,  and  works  of  art — Chemit^al  changai  which  metallic 
•rtielet  hsrs  undergono  after  long  submergence^lmbedding  of  cities  and 
forests  in  subaqueous  strata  by  sabsidenoe — ^Esrlhqnake  of  Cat^  fa  1819— 
Buried  Temples  of  CosBmero — Borke1<-\  '9  aigmnsnts  for  the  nwent  dsto  of  IHm 
creation  of  man — Concluding  remarka  ^ 

1 611AIX  now  proceed  to  inquire  in  what  manner  the  mortal  i\:mains  of 
man  and  tlio  works  of  lus  Iiands  may  be  peimanwtly  pr««rred  in  snb- 
aqiwoiis  slmta.  Of  the  many  linndmd  mUlion  human  bdags  which  perish 
in  the  course  of  erery  century  on  the  land,  eveiy  vestige  is  usnally  de- 
stroyed in  the  course  of  a  few  thousand  yean ;  hut  of  the  smaller  number 
that  perish  in  tlie  wateis^  a  certain  proportion  must  bo  entombed  under 
circumstances  that  may  enable  parts  of  them  to  endure  throughout  entire 
geological  epochs. 

The  bwlics  of  rncii,  toc^thor  with  those  of  the  inferior  aniin?\l«*,  are 
tx;cas'ioiially  washed  ciowu  during  river  inuudations  into  seas  aua  lakes. 
(See  pp.  <  20 — 728.)  Bdzoni  witnessed  a  flood  ou  the  Isile  in  September, 
1818,  where,  although  the  riyer  rose  only  three  feet  and  a  half  abora  its 
ordinary  le?el,  several  villages,  with  some  hundreds  of  men,  women^  and 
children,  were  swept  away.*  It  was  befiwe  mentioned  that  a  rise  of  six 
feet  of  water  in  the  Ganges,  in  1763,  was  attended  with  ^  much  greater 
kMS  of  lives,    (See  above,  p.  278.) 

In  the  year  1771,  when  the  inunthitions  in  the  nortli  of  England 
appear  to  have  eqiia1!»  'l  the  floods  of  Moraysliir"  in  18'29,  a  threat  num- 
ber of  houses  and  their  inhabitants  were  swept  a^^  :l\■  I  v  tlie  rivers  Tvne, 
Can,  Wear,  Tees,  and  Greta;  and  no  than  twciiu-uno  bridnres  were 
destroyed  in  the  courses  of  lliesc  rivers.  At  the  village  of  By  well  the 
tlood  tore  the  dead  bodi^  and  coffins  out  of  the  churchyard,  and  bore 
them  away,  together  with  many  of  the  living  inhabitants.  During  the 
same  tempest  an  inmaense  numbor  of  cattle,  hoiees^  and  sheep^  were  also 
transported  to  the  sea,  while  the  whole  coast  was  covered  with  the  wreck 
of  ships.  Four  centuries  before  (in  1338),  the  same  district  had  berai 
visited  by  a  similar  continuance  of  heavy  rains,  followed  by  disastrous 
floods,  and  it  is  not  improbable  that  these  catastrophes  may  rectir  periodi- 
cally! though  at  uncertain  intervals.  A»  the  population  increases,  and 

*  Kanative  of  DisMvery  in  %yptv  do.,  LamdoD^  18S0L 
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buildings  and  bridges  are  multiplied,  we  must  eipect  tbe  hm  of  Im  and 
property  to  augment.* 
^bftt^Msolsofi  of  human  hodui  in  thehed  cf      mL—Jt  to  tbe  bun- 

dred»  of  human  bodies  committed  to  the  deep  in  the  way  of  ordinaiy 
burial  we  add  those  of  indiTidoals  lost  by  shipwrecks^  we  shall  find  that 
in  the  course  of  a  single  year,  a  great  number  of  human  remains  are  con- 
signed to  the  subaqueous  res^ons,  I  shall  hereafter  advert  to  a  calcula 
tion  by  which  it  appears  that  more  tlmn  five  hundred  British  vosseJs 
alone,  averaging  each  a  burthen  of  about  120  tons,  are  wrookcxl,  ana 
.sink  to  the  bottom,  annually.  Of  these  the  crewB  fur  the  most  part 
escape,  although  it  sometimes  happens  that  all  perish.  In  one  gr^ 
naTid  action  several  thousand  individuals  sometinies  shaie  a  watery  grave. 

Many  of  these  corpses  are  instantly  devoured  by  predaoeona  iisfa,  some- 
times before  they  reach  bottom;  still  more  irequently  when  they 
rise  again  to  the  surface,  and  ^t  io  a  state  of  pntre&etion.  Many 
deoMnpose  on  the  door  of  tlie  ooeio,  where  no  sediment  is  thrown  down 
upcm  them  \  but  if  they  fall  upon  a  reef  where  corals  and  shells  are 
becoming  aoffflutinated  into  a  solid  rock,  or  subside  where  the  delta 
of  a  river  ia  advancing,  they  may  be  preserved  for  an  incalculable  seriea 
of  ages. 

Often  at  the  distance  of  a  few  hundred  feet  from  a  coral  r.vt*  where 
wrecks  are  uuL  unfrequeiit,  there  are  no  soundings  at  the  depth  of  many 
hundred  fathoms.    Canoes,  merchant  vessels,  and  ships  of  war,  may  have 
sunk  and  have  been  enveloped,  in  such  situatiom^  in  calcareous  sand  and 
breccia,  detached  bythebreaken  from  the  summit  of  a  submaiine  moan- 
tain.  Should  a  vdcanic  eruption  happen  to  cover  such  renudna  with 
ashes  and  sand,  and  a  current  of  lava  be  afterwards  poured  over  them, 
the  shipa  and  human  skeletons  might  remain  uninjured  beneath  the 
auperincnmbent  mass,  like  the  houses  and  works  of  art  in  the  subter- 
ranean cities  of  Campania.    Already  many  human  remains  may  Bare 
been  thus  jneserved  beneath  format ioii'^  more  than  a  tliou<and  feet  in 
thicknej^s  ;  fur,  in  some  volcanic  archipelagoes,  a  periul  of  thirty  or  forty 
centuries  might  well  be  supposed  sutlicient  for  such  an  accumulation.  It 
was  stated,  that  at  the  distance  of  about  furty  niilus  from  the  base  of  the 
delta  of  the  Ganges  tliere  is  an  eUiptical  space  about  fifteen  miles  in 
diameter,  where  sounding  of  from  100  to  SOO  ftthoms  sometimes  6il  to 
reach  the  boUom.  (See  above,  p. 270.)  As  during  the  flood  season  the  qoau^ 
tity  of  mud  and  sand  poured  by  the  great  rivers  into  the  Bay  of  B^igal 
is  so  great  that  the  sea  only  recovers  its  transpsiency  at  the  distance  of 
sixty  miles  from  the  coast,  this  d^uession  must  be  gradually  shoaling, 
especially      Imiug  the  monsoons,  the  sea  loaded  with  mud  and  sand,  is 
beaten  back  in  that  direction  towards  the  delta.    Now,  if  a  i^hip  or  hu- 
man body  .sink  to  the  bottom  in  such  a  spot^  it  is  by  no  means  improba- 
ble that  it  may  become  buried  under  a  depth  of  a  thousand  feet  of  aedi* 
ment  m  the  same  number  of  years. 

*  Scots  Mag.,  vol  xxxiiL,  WfL 
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Even  on  that  part  of  the  floor  of  th'^  f^an  to  which  no  accession  of  drift 
matter  is  carried  (a  part  which  probably  constitutes,  at  any  given  period, 
by  far  the  larj^r  proportion  of  the  wliole  submarine  area),  there  are  cir- 
cumstances accompanying  a  wreck  which  favor  the  conservation  of  skele- 
tons. For  when  the  vessel  fiUa  suddenly  with  water,  especially  in  the 
night,  many  petwoB  aie  diowned  between  deeke  tnd  In  ihatt  etbine,  eo 
tluftt  their  bodies  an  prorated  ftom  nemg  again  to  the  snt&oe.  The 
▼eaeel  often  strilceB  upon  an  uneven  bottom,  and  £  overtnined;  in  which 
caae  the  ballaBti  consisting  of  sand,  shingle,  and  roc^  or  the  cargo,  frfr- 
qnently  oompoeed  of  heavy  and  durable  materials^  may  be  thrown  down 
upon  the  carcasses.  In  the  case  of  ships  of  war,  cannon,  shot,  and 
other  warlike  store?,  may  press  down  with  their  weight  the  timbers  of  the 
vessel  as  they  decay,  and  iH'noath  these  and  the  metaUio  substances  the 
bones  of  in?in  may  be  pnjserved. 

Number  of  wrecked  vessels. — When  we  reflect  on  the  number  of  curi- 
ous monuments  consigned  to  the  bed  of  the  ocean  in  the  course  of  every 
naval  war  from  the  earliest  times,  our  conceptions  toe  greatly  raised 
respecting  the  multiplicity  of  lasting  memorials  which  man  is  ]ea>nng  of 
his  labon.  During  our  last  great  struggle  with  France^  thir^4wo  oC 
our  ships  of  the  ^e  went  to  the  bottom  in  the  space  of  twenty-two 
yean,'  besides  seven  6(Kgun  ships,  eigbty-«x  fiigates^  ^d  &  multitude  of 
smaller  vessels.  The  navies  of  the  other  Enropean  powers,  France,  Hol- 
land, Spain,  and  Denmark,  were  almost  anidhibited  during  the  same 
period,  so  that  the  aggregate  of  tlieir  losses  must  have  many  times 
exceeded  that  of  Greit  Britain,  In  cv*  rv  onr  of  thfsa  ships  were  bat- 
teries of  cannon  consirji  ti  -1  of  iron  or  bra.--^,  win  n  .f  a  great  number 
had  the  dates  and  places  ut  their  manufacture  mscntK;d  upon  them  in 
letters  cast  in  metal.  In  each  there  were  coins  of  copper,  silver,  and 
often  many  of  gold,  capable  of  serving  as  valuable  historical  monuments; 
in  each  wen  an  infinite  Taikty  of  iAstmments  d  the  arts  of  war  and 
peace;  many  formed  of  materials,  such  as  glass  and  earthenware,  capa- 
ble d  lasting  for  indefinite  ages  when  once  remoTcd  Ibom  the  mechanical 
action  of  the  waves,  and  buried  under  a  mass  of  matter  which  may 
exclude  the  corroding  action  of  sea-water.  Tlie  quantity,  moreover,  of 
timber  which  is  conveyed  from  the  land  to  the  bed  of  the  sea  by  the 
sinking  of  ships  of  a  large  size  is  enormous,  for  it  is  computed  that  2000 
tons  of  wood  are  required  fur  the  building  of  one  74-gun  ship;  and 
reckoninpf  fifty  oaks  of  100  years  ^rrowfli  \n  tlie  acre,  it  would  require 
forty  acres  of  oak  forest  to  build  one  ot  tliese  vessels.* 

It  would  be  an  error  to  imagine  that  the  fury  of  war  is  more  conducive 
than  the  peaceful  spirit  of  commercial  enterprise  to  the  accumulation  of 
wrecked  vessels  in  Uie  bed  of  the  sea.  From  an  examination  of  Uoyd's 
lista,  from  the  year  1798  to  the  commencement  of  1829,  Captain  W.  H. 
Smyth  ascertained  that  the  number  of  BriM  i/amlt  alone  lost  during 
that  period  amounted  on  an  avenge  to  no  lew  than  cue  anda  half  i{atfy> 

*  Qnait  Jiovn.  of  Agrieolt,  Ha  Ix  p,  4M» 
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an  extent  of  loss  which  would  liardly  liave  been  anticipated,  although 
we  learn  irom  Moreau's  tables  tliat  the  number  of  merchant  vessels 
employed  at  one  time,  in  the  navigation  of  England  and  Scotland,  amounta 
to  about  twvitf  ihoaasnd,  having  one  wiUk  anoUier  a  mean  ImitlMii  cf 
120  tons.*  M7fi]end,B&.  J.L»ntetro8i,a]Boi]ifefa»metliatM 
iag  Lloyd's  lirt  Ibr  Hie  y«an  1829, 1880,  and  1881,  he  finds  that  no  lev 
than  1958  Towolfl  wece  lost  in  those  three  yeaia,  tibeir  aienge  tonnage 
being  about  150  tons,  or  in  all  nearly  300,000  tons,  bemg  at  the  enor- 
mous rate  of  100,000  tons  annaally  of  the  merchant  vessels  of  one  n&tioD 
only.  This  inoreaaed  loss  arises,  I  presume,  from  increasuig  aotivitjr  in 
commerce. 

Out  of  551  ships  ot  the  royal  navy  lost  to  the  country  during  the 
tw^rio^l  above  mentioned,  only  160  were  taken  or  destroyed  bv  tlie  enemv. 
tlie  rest  having  either  stranded  or  founder^,  or  having  been  burnt  by- 
accident  ;  a  striking  proof  that  the  dangeia  of  our  naral  nfine,  hov- 
erer  great,  may  be  fiur  exoeeded  by  the  stonn,  the  ahoal,  the  Wshove, 
and  all  the  other  perils  of  the  deep.t 

JhirabU  nafun  if  mamif  of  tktir  eoalmlf ^Uilfions  of  nlfv  doDais 
and  other  ooins  have  been  somelimes  sabmeiged  In  a  single  ship,  and  on 
these,  when  they  happen  to  be  oiveloped  in  a  matliz  eapaUe  of  protect- 
ins;  them  from  chepiical  changes,  much  information  of  historical  interest 
will  remain  ia^bed,  and  endure  for  periods  as  indefinite  as  have  the 
d<'li<^nfc  •mirkings  of  zoophyt<»  or  lapidified  plant'?  in  «r.Tne  of  the  ancient 
secondary  rocks.  In  almost  every  large  ship,  111:1  i  ^vi-r,  there  are  some 
precious  stones  set  in  seals,  and  otlier  articles  of  u^c  and  ornament  com- 
posed of  the  hardest  substances  in  nature,  ou  which  letters  and  varioud 
images  are  carved— engravings  which  they  may  retain  when  included  in 
subaqueous  atnta,  as  long  as  a  crystal  preserres  iti  natural  ftim. 

it  was,  therefore^  a  splendid  boast,  that  the  deeds  of  the  English  ohi- 
vafay  at  Aginoourt  made  Henij^  dmniole 

 as  rich  with  praise 

As  is  the  ooze  and  bottom  of  the  deep 
With  sunken  wreck  and  somleas  treasuries 

for  it  is  probable  that  a  greats  number  of  m<muments  of  the  skill  and 
industiy  of  man  wiQ,  in  the  conrw  of  agee,  be  collected  together  in  the 
bed  of  the  ocean,  than  will  exist  at  any  one  time  on  the  sniftoe  of  the 

continental 

If  our  species  be  of  as  recent  a  date  as  is  generally  suj^oeed,  it  ink 
be  vain  to  seek  for  the  remains  of  man  and  the  works  of  his  hands  im- 
bedded iti  submarine  strata,  except  in  tlios**  regions  where  violent  eartli- 
quak<^  are  frequent,  and  the  alterations  of  relative  level  so  threat,  that 
the  bed  of  the  sea  may  liavo  been  converted  into  land  w  ithin  the  histori- 
cal era,    We  need  not  despair,  however,  of  the  diiscovery  of  such  monO' 

*  Cmar  Moreau's  Tables  of  the  NaTigation  of  Great  IMtain. 

f  I  give  tbaMxemlts  on  this  aatliority  of  Captain  W.  H.  SmytK  B.  H. 
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ments,  wken  thoae  ng^ou  vhidi  bave  been  peopled  by  man  from  the 
6flrlie8t  ages,  and  wbich  are  at  the  same  tkne  tiic  j)rincipal  theatres  of 
volcanic  actuHn,  ahali  be  eianiiied  by  the  joint  akiU  of  the  aataqoary  and 

g^Jogist 

Power  of  human  remahis  to  resist  demit. — There  can  be  no  doubt 
that  human  remains  anj  as  capable  of  i^-sisting  decay  as  are  the  harder 
parts  of  the  infcru  r  umuials ;  and  I  have  ilready  cited  the  remark  of 
Cuvier,  that  **m  ancient  fields  of  battle  the  bones  of  men  have  suffered 
as  litUe  deoomposition  as  tbose  of  hones  which  irere  buried  in  the  same 
g»?e.*'  (See  above,  p.  147.)  In  the  delta  of  the  Ganges  bones  of  men 
hare  been  foond  in  digging  a  mil  at  the  depth  of  mne^  feet  ;*  bnt  sa 
that  river  frequently  sUSa  its  oooree  and  fills  up  its  anoient  ehannels,  we 
are  not  called  upon  to  suppose  that  these  bodies  are  cf  extremely  high 
antiquity,  or  that  thoy  were  l-nried  when  that  part  of  the  SOROUnding 
delta  where  they  omir  was  first  gained  from  the  s*"a. 

Fossil  sktktons  of  men, — Several  skeletons  of  men,  more  or  less  mu 
tilated,  have  been  found  in  the  West  Indies,  on  the  north-west  coa&t  of 
the  main  land  of  Guadaloupe,  in  a  kind  of  rock  which  is  known  to  bo 
lonning  daily,  and  whidi  oonrists  of  arinata  fragments  of  sheUs  and 
oofals,  incmsted  with  a  cslcaroons  cement  lesembliDg  tnvertb,  by  which 
febo  the  difierent  giains  are  bound  together.  The  lens  shows  that  some 
of  the  frsgmentl  of  coral  composing  this  stone  still  retain  the  same  red 
color  which  is  seen  in  the  reefii  of  living  coral  which  surroimd  the  island. 
Tlie  shells  belong  to  species  of  tlie  neighboring  sea  intermixed  with 
some  t;  mistrial  kinds  wlii-^h  now  live  on  the  island,  and  among  them  is 
the  Bultnuis  Gaudaioup;  tisis  of  Ferussae.  The  human  skeletons  still 
retain  some  of  their  animal  matter,  and  all  their  phosphate  of  lime. 
One  of  them,  of  which  the  head  is  wanting,  may  now  be  seen  in  the 
British  Museum,  and  another  m  the  Boyal  Cabinet  at  Paris.  According 
to  11  Kda%,  the  rock  in  which  the  fi>nner  is  inclosed  is  harder  under 
the  mason's  saw  and  diisel  than  statuaiy  marble.  It  is  described  aa 
forming  a  kind  of  glacis,  probably  an  indurated  beach,  which  slants  from 
the  steep  clifis  of  the  ishind  to  the  sea,  and  is  nearly  all  submerged  at 
high  tide. 

Similar  formations  are  in  progre-<is  in  tlic  whole  of  the  A¥est  Indian 
archipelago,  and  they  have  greatly  extended  tho  plain  of  Cayes  in  St. 
Domingo,  where  fragments  of  vases  and  other  human  woriis  have  Iw^en 
found  at  a  depth  of  twenty  feet  In  digging  wells  also  near  Catania,  in 
Sicily,  tools  have  been  discovered  in  a  rock  somewhat  similar. 

Buried  ships,  canoes^  and  mrkt  4>f  art — ^When  a  Teoel  is  stranded 
in  shallow  water,  it  usually  becomes  the  nucleus  of  a  ssnd-banfc,  as  hsa 
been  eiemplified  in  seversl  of  our  harbois,  and  this  circumstance  tenda 
greatly  to  its  preservation.  Between  the  yeare  1780  and  1700  a  vepscl 
from  Purbeck,  laden  with  three  hundred  tons  of  stone,  struck  on  a  shoal 
off  the  entrance  of  Poole  harbor  and  foundered ;  the  crew  were  saved, 
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bat  the  TesBel  and  cftigo  lenuun  to  tys  daj*  at  the  bottook  8iBoe  that 
period  tiia  ihoal  atthe  aitiaaoe  of  the  haihor  haseotttanded  itidf  in  a 

westerly  direction  towatds  Peveril  Point  in  Purbed^  that  the  navigebk 
channel  is  thrown  a  milo  nearer  that  point*  The  cause  is  obvious ;  tht 
tidal  current  deposits  the  sediment  with  which  it  is  chained  around  any 
object  which  checks  itg  velocity.  j\falt«T  also  drifted  alonn^tlie  bottom  is 
arretted  by  any  ob^triclo,  and  accumulates  r<^ini<l  it,  just  as  the  Africxin 
sand-winds,  l>*^fore  described,  raise  a  small  iiiilo<  k  over  the  carcass  of 
every  deaJ  e;uiiel  exposed  ou  the  surface  of  the  dLS^'rt. 

1  before  alluded  to  an  ancient  Dutch  vessel,  dibcovered  in  the  deserted 
ohumel  of  the  river  Bother  m  Bnasev,  of  wfaktt  the  oak  woodm  moeh 
hhtekened,  but  ite  texture  unchanged.  (See  above,  p.  316.)  Hie  inte- 
rior was  flUed  with  flmristile  riH^  as  waa  also  the  case  in  r^gaid  Id  a  ves- 
eel  discovered  in  a  former  bed  of  the  Mersey,  and  another  disoteiMd 
where  the  St.  Ejitherine  BodBs  are  excavated  in  the  fcUovial  phun  of  the 
Thames.  In  Uke  manner  many  shij»  have  been  found  preserved  entire 
in  modem  stratji,  formed  by  the  siltinnf  up  of  estuaries  alorifif  the  southern 
shores  of  the  Baltir,  <  '  |>ecially  in  Pompr:ini:u  Between  l^romberg  and 
Nakel,  for  example,  a  vessel  and  two  anchoni  in  a  very  perfect  state  were 
dug  up  far  from  the  sea.f 

Several  vessels  have  been  lately  detected  halt  buned  m  the  delta  of 
the  Indus,  in  the  nmneroiiB  dflseited  branches  of  that  river,  £u  &om 
where  the  stream  now  flows.  One  of  these  found  near  ViUcar  in  fimde, 
was  400  tons  in  burthen,  old  finhioned,  and  pieioed  fivr  iMUteen  gnaiv 
and  in  a  vsgion  where  it  had  been  matter  of  diipate  whether  the  Indns 
had  ever  been  navigable  by  larcfe  vessols.| 

At  the  mouth  of  a  river  in  Nova  Scotia,  a  schooner  of  thirty-two  tow, 
laden  with  live  stock,  was  lying  with  lier  side  to  the  tide,  when  (ho  hore^ 
or  tidal  wave,  which  rises  there  about  ten  feet  in  pei^ndicnl  ir  height, 
TOshcd  into  the  estuary,  and  overturned  the  vf^'*  (^1,  so  that  it  jnstantJy 
disappeared.  After  tlie  tide  had  ebl>ed,  the  schooner  was  po  totally 
buried  in  the  sand,  ihul  the  taffrel  <  r  upper  rail  over  the  stem  was  alone 
visible.§  We  are  informed  by  Ia  i^h  that,  on  draining  Martin  Meer,  n 
lake  eighteen  miles  in  circamfierenoe,  in  Lancashire,  a  bed  of  mail  w» 
hud  dij,  wherein  no  fewer  than  ei{^  canoes  were  found  imbedded. 
in  figure  and  dimensions  they  were  not  unlike  those  now  ined  in  Ame- 
rica. In  a  morass  about  nine  miles  4£stant  from  this  Mecr  a  whelllOBe 
and  an  axe  of  mixed  metal  were  di^iq>.|  In  Ayrshire,  also,  three  canoes 
were  found  in  Loch  Doon  some  few  years  ago;  and  during  the  year  1831 
foui  others,  each  hewn  out  of  separate  oak  trees.  They  were  twenty- 
three  feet  in  length,  two  and  a  half  in  depth,  and  nearly  four  feet  io 
breadth  at  the  stem.   In  the  mud  which  Med  one  of  them  was  Ibund  a 

*  This  account  I  received  fimn  the  Honorable  and  Sev..  Charles  Hatrisi 

t  Von  Hoff,  vol.  i.  p.  868. 

1  Lieat.  Carless,  Gcograph.  Jourii.,  vol.  viiLp.  886. 
^  Silliman'a  Gcol.  I.«cture8,  p.  78,  who  dtefrenn, 
I  Leigh's  Lancashire,  p.  17,  a.  d.  ITiOO. 
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muNdiib  of  oak  and  ft  atone  battle>ai0.  A  eanoe  of  oak  was  abo  6ymd 
in  1820,  in  peat  oveilying  the  ahalkaail  of  tbe  Loch  of  Eimioidy,  in 
Foi&nhiie.* 

Jfamntr  in  which  ships  may  ht  preserved  in  a  deep  sca.—Ji  u  extreme* 
ly  poesible  that  the  sabmeiged  woodwork  of  ships  whioh  have  amik  whflsa 

the  sea  is  two  or  three  miles  doop  lia.s  undergone  greater  chemical 
chancr<^*;  in  an  cqua!  space  of  time,  tlum  in  the  cases  above  mentioned; 
for  the  experiments  of  Scorpsby  show  tliat  wood  may  at  ('•-rtrnn  depths 
be  impregnated  in  a  single  iiuur  v.!th  salt  water,  so  that  it.-^  .-specific  grar 
vity  is  eutirely  altered.  It  may  ofteu  happen  that  hot  springs,  charged 
with  oarbraate  of  lime^  aUoi^  and  other  mineral  ingrodienta^  may  iaeue  at 
graat  depths,  in  whidi  case  every  pore  of  the  vegetable  ^nne  naj  be 
mjeoted  with  the  lapidifyiDg  hquid,  whether  calcareous  or  eilioeooit 
before  the  smallest  decay  oommences.  The  eon?eniony  aho^  of  wood 
into  lignite  is  probably  more  rapid  under  enormcus  pressure.  Bnt  the 
change  of  the  timber  into  lignite  or  coal  >\  ould  not  prevent  the  original 
ibrm  of  a  ship  from  beinpf  distinq;ui.shed  ;  for  as  wo  find,  in  strata  of  the 
carboniferot!s  f-rn,  the  bark  of  the  hollow  reed-like  trees  converted  into 
coal,  and  the  central  cavity  filkd  with  siiudsioiie,  so  might  we  .trace  the 
outline  of  a  ship  iu  cuil ;  while  in  the  indurated  mud,  sandstone,  or  lime- 
(^ne,  filling  the  interior,  wo  might  discover  instruments  of  human  art, 
ballast  consisting  of  roohs  foreign  to  the  rest  of  the  stratnm,  and  ether 
eonftentsof  iheship, 

Svilmergtd  mstaXUe  i^btlmuetd — ^Many  of  tfhe  metaUio  substanees 
which  fall  into  the  waters  probably  lose,  in  the  couise  of  ages,  the  fotms 
artifioiaUy  imparted  to  them ;  but  under  certain  circumstances  tltese  may 
bo  preserved  for  indefinite  periods.  The  cannon  enclosed  in  a  calcareou-^ 
rock,  drawn  up  from  the  delta  of  the  Rhone,  which  is  now  in  the  museum 
at  MontpeHier,  might  probably  have  endured  as  long  as  the  calcareous 
matrix ;  but  even  if  the  metallic  matter  had  been  removed,  and  had  en- 
tered into  new  combinations,  still  a  mould  of  its  original  6ha]>e  would 
have  been  left,  corresponding  to  those  impresaons  of  ahdb  whidi  we  see 
in  roeks^  fiom  whioh  all  the  esibonate  of  lime  has  been  aubtiaoted. 
Aboai  ^  year  1770,  says  Mr.  King,  some  fishennen,  sweefnng  for 
anchors  in  the  Gulf  stream  (a  part  of  the  sea  near  the  Downs),  drew  up 
a  very  curious  old  swivel  gun,  nearty  eight  feet  in  length.  The  barrel, 
whid^  was  about  five  feet  long,  was  of  brass ;  but  the  handle  by  which  it 
was  triver«ed  was  al>out  three  feet  in  lenfifth,  and  the  swivel  and  pivot  on 
which  it  turned  were  of  iron.  Around  these  latter  were  formed  incrusLii- 
tions  of  sand  converted  into  a  kind  of  stone,  of  exceedingly  strong  texture 
and  firmness;  whereas  round  the  barrel  of  the  gun,  except  where  it  was 
near  adjoining  to  the  iron,  there  were  uo  such  incrustations,  the  greater 
port  of  it  being  clean,  and  in  good  condition,  just  as  if  it  had  still  oontinned 
in  use.  In  the  mcrastuig  stone,  adhering  to  it  on  the  ontdde^  were  a 
numher  of  shdls  and  corallnMS^   jost  as  they  are  often  found  in  a  fosai}' 


*  OseL  Aaas.,  tseond  sexism  reL  iL  p»  87. 
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•tete.^  Thim  weie  jiU  to  strani^j  attadied,  that  it  nqaifed  as  mad! 
linoa  to  ae|Mrate  tfaem  fiom-  tlia  matrix      to  break  a  fiagnmt  off  aaj 

hard  ro<!t*** 

In  the  year  1745,  continues  the  same  writer,  the  Fox  man-of-war  waa 
stranded  on  the  coast  of  East  Lotliian,  and  wont  to  piece*.  About  tlnrtv- 
t])r<H^  vears  afterwards  a  violent  storm  laid  bare  a  part  of  iha  wro-k.  and 
threw  up  near  the  place  s(»venil  masses,  "  consisting  of  iron,  r  p  and 
balls,"  covered  over  witli  ochreous  sand,  concreted  and  hardened  into  a 
kind  of  stoue.  The  substance  of  the  rope  was  ver^  Jttle  altered.  The 
oonsoUdatod  uond  laEainad  perfect  impreastoiu  of  parts  of  a&  Imi  ring, 
"  juat  as  impnericna  of  aztianeouB  Ibasil  bodies  jue  fouDd  mTarioos  Idndi 
ofitzata."t 

After  a  storm  in  tba  jear  1824,  \rhvsk  oeoaaioiiad  a  oonsiderable  shift- 
tngof  the  sands  ni  ar  8t  Andrew's,  in  Scotland,  a  gun-barrel  of  aodent 
construction  was  found,  vliich  is  conjectured  to  have  belonged  to  one  of 
the  wocked  vess*'ls  of  the  Spanish  Armada.  It  is  now  in  the  mtiscum 
of  the  Antiquarian  Society  of  Scotland,  and  h  inrrusted  over  by  a  thin 
coating  of  sand,  the  grains  of  which  are  cemented  bj  brown  fcrrui^nci.* 
matter.  Attached  to  this  coating  are  fragments  of  Tsncnis  shells,  as  of 
the  common  cardium,  mya,  &0, 

Many  other  examples  aie  teoorded  of  iron  instmments  taJBen  vp  from 
fbe  bed  of  the  8^  near  the  British  coast,  Incased  bjr  a  thidE  ooating 
of  conglomerate^  ooariating  of  pebbles  and  aand,  cemented  by  oxide  of 
iron. 

Dr.  Davy  describes  a  bronze  helmet, of  the  antique  Grecian  form,  talv-n 
np  in  1825,  from  a  shallow  part  of  the  sea,  between  the  citadel  of  Corfu 
RTid  the  villai/Q  of  Castrades.  Both  the  interior  and  exterior  of  the  hel- 
mt  t  Were  ]>artially  inrnistcd  with  shells,  and  a  dejx^sit  of  carbonate  t>f 
lime.  The  surface  generally,  both  under  the  incrustation,  and  where 
freed  from  it,  was  of  a  variegated  color,  raottknl  with  sp^ts  of  green, 
dirty  white,  and  red.  On  minute  inspection  with  a  leius  green  imd 
red  patehca  proved  to  consist  of  crystals  of  the  red  oxide  and  osibonato 
of  copper,  and  the  dirty  white  chieflj^  of  oxide  of  tin. 

Tho  minendizing  proceea,  eays  Dr.  Davy,  which  has  produced  these 
new  combinations,  has,  in  general,  penetniled  Tcry  litde  into  the  Bub> 
*  stance  of  the  helmet  The  incrustation  and  nut  removed,  the  metal  is 
found  bright  beneiUh ;  in  some  places  considerably  corroded,  in  oth^ 
ytfry  slisi'htly.  It  pTove^^  on  analysis,  to  be  copper,  alloved  with  IS  o  p<*ir 
cent,  of  tin.  Its  color  i"  ihat  of  our  comjQon  brass,  and  it  posseeMs 
a  consideral  1<      Lfree  ot  llexibihty. 

**It  is  a  curious  question,"  he  adds,  "  how  the  crystals  were  formed  in 
the  helmet,  and  on  the  adhering  calcareous  deposit  There  being  no 
vBSflon  to  suppose  depodtion  from  solution,  are  we  not  under  the  iieoea- 
rity  of  inferring,  that  the  nineraliang  process  dependa  on  a  small  molkMi 
and  sqiaiation  of  the  particles  of  the  original  compound  t  llfaia  motion 
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may  have  been  Uue  to  the  operatioa  of  electro-chemical  powers  which 
maj  have  ae|»nted  the  diflfaieiit  melab  of  thA  aUoj;* 

igytete  ^  tk$  Subtidence  of  Land,  in  imbMmff  (Xik»  wtd  I^omlt 

til  9kdfajumui  JSirata, 

Wo  have  liitluTto  considered  the  transportation  of  plants  and  animaJa 
from  the  iiinil  by  uijuroas  ag»jnt.s,  and  their  inhumation  in  lacustrine  or 
submarine  deposits,  and  we  may  now  inquire  what  tendency  the  subsi- 
dence of  tracU  of  laud  may  have  to  produce  analogous  eQects.  Several 
fflMmplflB  of  tlie  nnldng  down  of  buildings,  and  portknis  of  towna  near 
the  ahore,  to  Tarioos  deptha  he&eath  the  level  of  the  tea  during  sahtefm- 
Man  movemeata)  weie  before  eniunerated  in  troating  of  the  ebangea 
brought  about  by  inorffank  causes.  The  eventa  allnded  to  wete  oom* 
prised  within  a  hrief  portion  of  the  hiatotical  period,  and  confined  to  a 
small  number  «rf  the  rccfions  of  active  volcanoes.  Yet  these  autlientic 
facts,  relatincf  merely  to  the  hust  century  and  a  half,  gave  indications  of 
considr-raMo  chant;* in  the  physical  geography  of  the  f^lobe,  and  we  arc 
n«  ;  111  M;pjx*so  th^.t  liicse  wore  the  only  spots  throughout  the  surrounding 
land  and  sea  which  suft'ercd  similar  depressions. 

If,  during  the  short  period  since  South  *Vjncrica  has  been  colonized  by 
Europeans,  we  have  proof  of  alterations  of  level  at  the  three  prindpal 
porta  on  the  weetem  ahoreey  Gdlao^  Yalpaiaiao^  and  Conoeption,!  we 
cannot  for  a  moment  auspeci  that  theae  dtiea,  ao  diatant  from  each  other, 
have  been  selected  as  the  peeoliar  pointa  where  the  deaolating  power  of 
the  earthquake  has  expended  ita  chief  fury.  On  consideriug  how  small 
is  the  area  occupied  liy  the  seaporta  of  this  disturbed  region— points 
where  alono  each  slit^ht  change  of  tlie  relative  level  of  the  sea  and  land 
can  I'c  reeoijnized, — and  retle<'fincf  on  the  j>roofs  in  our  pospo«sinn  of  t)i«' 
local  revolutions  that  have  haj)pcned  oa  the  site  of  each  port,  within  the 
last  century  and  a  half, — our  conceptions  must  be  ^eatly  exalted  respect- 
ing the  magnitude  of  the  alterations  which  the  country  betwe^  the 
Andes  and  the  sea  may  have  undergone,  even  in  the  oonrw  of  the  last 
aix  thousand  yeank 

Cutch  earthquake, — The  manner  in  which  a  large  extent  of  aoriace 
may  be  subroeiged,  so  that  the  tenestrial  plants  uid  animals  may  be 
imbedded  in  subaqueous  strata,  cannot  be  better  illustrated  than  by  the 
earthquake  of  Cutch,  in  1819,  before  alluded  to  (p.  4G0).  It  is  stated, 
that,  for  some  years  after  that  eartliquate,  the  withered  tamarisks  and 
other  shrulis  protru  h  1  t!i'  ir  tops  al)ove  the  w*nv(  «,  in  parta  of  the  lagoon 
fonned  by  fcubsidence,  on  the  bite  of  the  village  of  Sindree  and  its  envi- 
rons; but,  after  the  flood  of  1826,  thty  were  seen  no  longer.  Every 
geologist  will  at  once  perceive,  that  forests  sunk  by  such  subterranean 
iBOfemenla  may  become  imbedded  in  aabaqueons  depouts^  both  flnviatiia 

*  Phil.  Trans.,  1826,  part  il  p.  55.        f  See  abov^  pp.  468.  457.  499.  601. 
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ind  and  tiie  tnes  my  bUU  remain  erect,  or  soroetimes  the  ioqC» 

and  |Murt  of  the  trunkB  may  continue  in  their  original  pontion,  wbile  flit 
cuneiit  may  have  biokea  cS,  or  levelkd  with  the  grooiu],  tfadr  upper 

stems  and  branche?. 

Buildings  how  preserved  under  water. — Some  of  the  buildings  whicli 
have  at  different  fimt*s  subsided  beneath  the  level  of  the  sea  have  l>iN?n 
immediately  covered  up  to  a  certain  extent  willi  strata  of  volcanic  mat- 
ter  showered  down  upon  ihem.  Such  was  the  case  at  Tomboro  in 
Sunbawa,  in  die  praw&t  oentaij-,  and  at  the  ate  of  the  Ten^ilfl  of  8ei»> 
pis,  in  the  enriranB  of  Fiunio]],  probably  about  the  12tli  oeDtun*.  The 
entianee  of  a  river  dunged  with  lediment  in  the  viooutgr  may  still  more 
frequently  occasion  the  rapid  envelopmeDt  of  btuldiogs  in  regularly  stra> 
tified  fiyimationa.  But  if  no  foreign  matter  be  introduced,  the  buildings 
when  once  remoTed  to  a  depth  where  the  action  of  the  waves  is  iiis*'nsi- 
ble,  and  where  no  great  current  happens  to  flow,  may  last  for  indefinito 
periods,  and  b'^  as  durable  as  tlio  lloor  of  the  ocean  itsK'lf,  which  may 
often  be  composed  of  the  very  same  materials.  There  is  no  reason  to 
doubt  the  tradition  mentioned  hy  the  cbissic  writers,  that  the  subm^rir.'d 
Grecian  towns  of  iiura  and  Uelice  were  seeu  uuder  water  *  and  it  Lhs 
been  already  mentioned  that  Cerent  eye-witnesses  have  observsd  the 
.  homes  of  Port  Royal,  at  the  bottom  of  llie  sea,  at  iotervals  of  98, 101, 
and  148  yean  aftor  the  conntkion  of  1692.  (p.  605.) 

Buried  temples  of  CasAmcfir— The  cdebrated  valley  of  Cashmere 
(or  Eadimir)  in  India,  situated  at  the  southern  foot  of  the  Himalaya 
range,  ia  about  60  miles  in  length,  and  20  in  breadth,  surrounded  by 
mount«ans  whicli  rise  abruptly  from  the  plain  to  the  height  of  about 
6000  f»*et.  In  the  cliffs  of  the  river  Jelam  and  its  tributaries,  wliich  tra- 
verso  tins  beautiful  valley,  strata  consistinc:  of  fine  clay,  sand,  soft  sand- 
stone, pebbles,  and  cotiglomerate  are  exposed  to  view.  They  contain 
freshwater  shells,  of  the  geucra  Lvuujcuhj  i'aiuduui,  aud  Cyreiia,  with 
land  shells,  aU  of  leoent  species,  and  are  precisely  such  deposits  as 
would  be  fotmed  if  the  whole  valley  were  now  oonvcoted  into  a  great 
lake,  and  if  the  numerous  rivers  and  torrents  descending  from  the  ear- 
rounding  mountains  were  allowed  safficient  time  to  fill  np  tlie  laike-hasm 
with  fine  sediment  and  gravel.  Fragments  of  pottery  met  with  at  the 
depth  of  40  and  50  feet  in  this  lacustrine  formation  show  that  the  uppev 
part  of  it  at  least  has  accumulated  within  the  human  epoch. 

Dr.  Thomns  Thomson,  wlio  visited  Cashmcro-in  1848,  observes  thai 
several  ol  tiie  lakes  which  sLili  exist  in  the  great  valley,  such  as  that 
near  the  town  of  Cashmere,  five  miles  in  diameter,  and  some  others,  are 
deeper  than  the  adjoining  river-chaunels,  aud  may  liave  been  formed  by 
sabsidenoe  during  the  numerous  earthquakes  which  have  convuUed  that 
region  in  the  oouiae  of  the  last  2000  yeais.  It  is  also  probable  that  the 
fre^wnter  strata  seen  to  eKtead  iar  and  wide  over  the  whole  of  Oasli- 
mere  originated  not  ia  one  oontinuous  sheet  of  water  onoe  ooonpying 
the  entire  valley,  but  in  many  lakes  of  limited  area,  formed  and  filled 
ia  snocession.  Among  other  pioofii  of  such,  iake-basias  of  medeiala 
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dimensions  Aaving  once  exlaled  and  having  been  converted  into  kndal 
different  periods,  Dr.  Tbonuou  mentiona  that  the  ruins  of  Avantipura; 

not  far  from  tho  modem  yillage  of  tliat  name,  stand  on  an  older  fresh- 
water  deposit  at  tho  baso  of  th©  mountain?,  mid  terminate  al'mptlv 
towards  the  plain  in  a  straight  line,  such  as  admits  of  no  other  explana- 
tion than  by  suppcbinor  that  the  advance  of  the  town  in  that  direction 
was  arrested  by  a  lake,  now  drained  or  WpresenteJ  only  by  a  marsh. 
In  that  neighborhood,  as  Tery  generally  thruughout  Cashmere,  the 
ri¥«rs  run  in  ehannalB  or  alluvial  flati,  bonndad  Ij  difla  of  laoostiiiM 
strata,  hciiioiitally  tfcntified,  and  tliese  stiate  Ibrm  loir  table-lands  from 
20  to  50  feet  bigh  between  the  diifeient  irataiOGnn«.  On  a  table-land 
of  this  kind  near  Avantipnra,  portions  of  two  buried  temples  are  seen, 
which  have  been  parUally  explored  by  Major  Cunningham,  who,  in 
1847,  discovered  that  in  one  of  the  buiMirt<:^s  a  mapTiificent  colonnade 
of  seventy-four  pillars  is  preserved  underground.  He  exposed  to  view 
three  of  the  pillars  in  a  cavity  still  open.  All  the  architectural  decora- 
tions below  th©  level  of  the  soil  are  as  perfect  and  fresh-looking  as  when 
&-st  executed.  The  spacious  quadrangle  must  have  been  silted  up 
gradnally  at  first,  for  soma  msightly  altoatioa^  not  in  aoeordanoe  irilli 
Uie  ganwal  plan  and  style  of  arehitectnre^  wwe  detected,  evidently  of 
snbseqnent  date,  and  sueli  as  ooold  only  have  been  required  when  the  « 
water  and  sediment  had  already  gained  a  oertain  beight  in  the  interior 
of  the  temple. 

This  edifice  is  supposed  to  have  been  erected  about  the  year  850  of 
our  era,  and  was  certainly  submerged  before  the  year  1410,  when  the 
Mahomedan  kin*::,  Sikantlar,  called  Butshikan  or  the  idol-breaker, 
destroyed  all  the  images  of  Hindoo  temples  in  Cashmere.  Ferishta  the 
historian  particularly  alludes  to  Sikandar  having  demolished  every 
Cashmerian  temple  save  one,  dedicated  to  Mahadeva,  which  escaped 
'*in  consequence  of  its  foanda^os  being  below  >  the  neighboring 
water."  The  unharmed  oondition  of  the  hnman-headed  birds  and  other 
images  in  the  bmned  edifice  near  Avantipnift  leaves  no  donbi  that  they 
escaped  the  fory  of  the  iconoclast  by  beUig  nnder  water,  and  peih^ 
silted  up  before  the  date  of  his  conquest.*^ 

Jicrkdfi/s  arfpimcnts  for  the  recent  date  of  the  creation  of  man.—' 
I  cannot  conclude  this  chapter  without  recalling  to  the  readers  mind  a 
memorable  passage  written  by  Bishop  Berkeley  a  century  ago,  in  which 
he  inferred,  on  grounds  which  may  be  termed  strictly  geological,  the 
recent  date  of  the  creutiou  of  man.  "  lo  any  one,"  i^ays  he,  who 
considers  that  on  digging  into  the  earth,  sooh  qnantities  of  shelly  and 
in  some  places,  bones  and  horns  of  animals,  are  found  sound  and  entiro, 
after  having  lam  there  in  all  probability  some  thousands  of  years;  it 
should  seem  probable  that  gnns,  medals,  and  implements  in  metal  or 
stooe^  might  have  lasted  entire^  bnried  under  ground  forty  or  fifty 

*  Hiom^on'a  Western  Illmalnyn  nn<I  Tliibct,  p.  29%  hooAaa,  198%  Caoning 
bsnv  voL  zviL  Joum.  Asiat  Soa  Bengal,  pp^  241.  ^t* 


^  kj  i^uo  i.y  Google 


T64 


RECENT  OEIGIN  OF  MA.N. 


thoniaaa  yeatsi  if  the  world  had  been  ae  old.  How  ooDHi  it  then  to 
pais  that  no  lemains  are  finind,  no  antiquities  of  thoae  nnmerooa  i^es 

pieoedhig  the  Soriptore  aoeoiints  of  time;  that  no  (ragmente  of  bnild- 

iogs,  no  public  monuments^  no  intaglios,  cameos,  statues,  basso-relieros, 
medals,  inscription=i,  utt-nsll-,  or  artificial  works  of  any  Icind,  are  ever 
discovered,  which  may  bear  testimony  to  the  existctico  of  tliose  rni^jhtT 
empires,  those  successions  of  monarchs,  heroes,  and  denii-god*,  for  s«j 
many  thou!»and  years?  Let  us  look  forward  and  suppose  ten  or  tweuty 
thousand  years  tocouie,  during  ^vhich  time  we  will  suppoae  thai  plagues, 
famine,  wars,  and  eatUhqwihu  dull  have  made  great  havoc  In  the  worid, 
is  it  not  highly  probable  that  at  the  end  of  such  a  period,  pillars,  vases, 
and  statnes  now  in  being,  of  granite^  or  per phyry,  or  jasper  (stones  of 
stush  hardness  as  we  know  them  to  have  lasted  two  thousand  yean 
above  ground,  without  any  considerable  alteration),  wonld  bear  record 
of  these  and  past  ages  f  Or  that  some  of  our  cnrrent  coins  might  then 
be  dug  up,  or  old  walls  and  the  foundations  of  buildings  show  them- 
selves, as  well  as  the  shells  and  stones  oi  thfi primeval  worlds  which  ar6 
preserved  down  to  our  times.*'* 

That  many  &igns  ot  ilui  agency  of  man  would  have  lasted  at  iea>^t  as 
long  as  "  the  shells  of  the  primeval  world,"  had  our  race  been  so  ancient, 
^  we  may  feel  as  fully  persuaded  as  Berkeley ;  and  we  may  anticipate  with 
confid^ioe  that  many  edifiees  and  implements  of  human  workmanship 
and  the  dceletons  of  men,  and  casts  <^  the  human  form,  wUl  continue  to 
exist  when  a  great  part  of  the  present  mountains,  continents,  and  seas 
have  disappeared*  Assuming  the  future  duration  of  the  planet  to  be 
indefinitely  protracted,  we  can  foresee  no  limit  to  the  perpetuation  of 
some  of  the  memorials  of  man,  which  are  continually  entombed  in  the 
bowels  of  the  earth  or  in  the  bed  of  the  ocean,  unless  we  carry  forward 
our  views  to  a  perio^l  sufficient  to  allow  tlio  various  causes  of  change, 
both  igneous  and  afjueou^,  to  reinodid  more  than  once  the  entire  crust 
of  the  earth.  0/u;  complete  revolution  will  be  inadeonate  to  etlacc 
every  monument  of  our  existence  ;  for  many  works  of  ari  might  cuu?r 
again  and  again  into  the  formations  of  successive  eras,  and  escape 
obliteration  even  though  the  very  rocks  in  which  they  had  been  for 
ages  imbedded  were  destroyed,  just  aa  pebblea  included  in  the  conglo- 
merates of  one  e}>och  often  contain  the  oiganUBed  remains  of  beings 
which  flourished  during  a  prior  era. 

Yet  it  is  no  less  true,  as  a  late  distinguished  philosopher  has  declared, 
"that  none  of  the  works  of  a  mortal  being  can  be  etemal."f  They  are 
in  the  first  place  wrested  from  the  hands  of  man,  and  lost  as  flir  as  re- 
gards tljeir  subserviency  to  his  use,  by  the  instrumentality  of  thos<:  vory 
causes  which  place  them  in  situations  where  they  are  enabled  to  enduro 
for  indefinite  periods.  And  even  when  they  have  been  included  in  nx^ky 
stnta,  when  they  have  been  made  to  enter  as  it  were  into  the  solid  frame- 

*  Alctpliroii,  or  ilMlfiDQte  FhUcwopher.  vol  iL  pp.  84  8S..  1782. 
t  Osvy,  OoDMlatioiis  in  Travsi  p.  27«. 
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work  <  f  till  gl.  l  o  itself,  they  must  nevertheless  eventually  perish  ;  foi 
every  year  some  portion  of  tho  cartli's  crust  is  shattered  by  earthquakes, 
or  mdied  by  Tolcanic  fire,  or  ground  to  dust  by  (he  moTiDg  waters  on  ih^ 
iuiiaoe.  '^The  riyer  of  Lethe,**  as  Beoon  eloqaently  ranarla,  **  nmnetii 
M  well  above  ground  m  below.*^ 


CHAPTER'  TTTiTX. 

« 

mDKDDDra  of  aqpuatic  bpbciss  2ir  adbaqdsous  sirata, 

Inliumatiou  of  fresh  water  piauta  and  nninmld — J-^lioll  iimrl— Fossilize :  »eed-Te«- 
aeU  aud  sterna  of  cbara — Recent  i]e]>ut»iu  iu  Americau  lak«» — i'leshwater 
wptmm  drifted  ioto  mm  and  MtnariM— I«eiraa  levels— Alteraationt  of  marine 

and  frefhwiitor  strata,  how  caused — Imbedding  of  marine  plan^uid  animals — 
Cetacea  strandoJ  on  our  shores — Littoral  and  estuary  Testacea  swept  into  the 
deep  sea — Burrowing  eliella — iiiviog  Testuccu  found  at  considerable  depths — 
Blending  ef  organie  lemaina  of  differant  ages. 

Having  treated  of  the  imbedding  of  terrestrial  plants  and  Atumals, 
and  of  human  remains,  in  deposits  now  forming  beneath  the  waters,  I  * 
come  next  to  consider  in  -what  mnnner  o^tfa^tc  species  may  be  entombed 
in  strata  formed  in  their  own  element. 

Freshwater  plants  afid  animals. — Tho  remains  of  species  Ix-loiifjincr 
to  those  tct'iicra  of  the  animal  and  vejretable  kinsf<loiii.s  which  are  more 
or  less  exclusively  contiued  to  fresh  water  are  for  the  mc^t  part  preserved 
in  ibe  beds  of  lakses  or  estuaries^  but  they  are  oftentimes  swept  down  by 
men  Into  the  sea,  and  there  intennii^Ied  with  the  exuviae  of  marine 
raoeSi  Ibe  phenomena  attending  thdr  inhumation  in  lacustrine  deposits 
aie  aometinies  repealed  to  our  observation  by  the  drainage  of  smaU  lakesi 
such  as  are  those  in  Scotland,  which  have  been  lud  diy  for  the  sake  of 
.  obtmning  shell  marl  for  agricultural  uses. 

In  thejie  recent  formations,  as  seen  in  Forfarshire,  two  or  three  be^ls 
of  calcareous  marl  are  sometimes  observed  separated  from  each  other  by 
layers  of  drift  peat,  sand,  or  tissile  clay.  The  marl  often  consists  nimost 
entirely  of  an  aggregate  of  shells  of  the  genera  Limnea,  Planorbis,  Val- 
vata,  and  Cyclas,  of  species  now  exibtiug  in  Scotland.  A  considerable 
prop<»rtion  of  the  Teataoea  appear  to  have  died  very  young,  and  few 
of  the  shells  are  of  a  size  whtdi  indicates  their  having  attained  a  state 
of  maturity.  Hie  ahelli  are  sometimes  entiiely  decomposed,  fozming  a 
pulverulent  marl ;  aometimes  in  a  state  of  good  preservation.  They  are 
firequently  intermixed  with  stems  of  Cham  and  other  aquatic  vegetables, 
the  whole  being  matted  together  and  compressed,  forming  laminie  often 
aathin  aa  paper. 

*  ir^say  on  the  Yicisaitude  U  Thiugit, 
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JMIbed  9eed-9et»eU  and  9tem9  of  Ckaira^hM  dun  is  aa 
aqoflttio  plant  i^ch  ooonn  frequently  feerit  In  fbtmatiooe  of  difeot 
eras,  and  is  often  of  mooh  importanoe  to  the  geologiit  in  cliaiaoleiiflBg 
entile  groups  of  etnta,  I  ehall  deeeribe  the  imuuHr  in  which  I  hare 
found  tho  recent  species  in  a  petiified  state.  Hiey  oocnr  in  a  maiMake 
in  Forfarshire,  inclosed  in  nodulei,  and  eometimfis  in  a  continoooa  sliar 
tnmof  a  land  of  tnurertin. 


8t»d  wiwl  of  Chan-hupMs. 


g,  Part  «f      lam  with  tU  m%A  wil  iHmM.  Mhi<IM. 
»,  NstonliiMar  itoMtdTWMl. 

«,  btqpuMtt  oftlMiChrivtoBite.  or  muUM  MtJ  Timl  oT  CtarB  AiqMi,  fiNaflia 

SfllNdl  llllA«kM.  Magnified. 
^  SecdMi  tiMiirtat  th*  »■!  within  Um  JaMnnant. 
«,  Lowaraad  of  ua  imtgoBaM  la  wyoh  tbaataa  waaatiachad 
/,  Upper  end  of  tba  fatafUMstta  vUaktha  atffaia  ««•  tlliefcid. 
jr,  One  of  the  •piml  nmtm  of  t. 

Tlio  seed-vessel  of  these  plants  is  remarkably  tough  and  hard,  and 
consists  of  a  membranous  nut  covered  by  an  integument  (</,  fig.  1 02.) 
both  of  which  are  spirally  striated  or  ribl)ed.  The  intog'ument  is  com- 
posod  of  five  spiral  valves,  of  a  quadrang-ular  fonn  ('/).  In  CJtnra  his- 
piJa,  which  abounds  in  the  lakes  of  F(irfurshire,  an<i  which  has  become 
fossil  in  the  Bakie  Loch,  each  of  the  spiral  valves  of  tlie  seed-vessel  turns 
rather  more  than  twice  round  the  circnnifeiience,  the  whole  together 
maUng  between  ten  and  eleven  rings.  The  nnmber  of  these  rings  diflen 
greatly  in  different  ^ecies^  hot  in  the  same  appean  to  be  very  oonistant. 
The  stems^of  Chans  ooonrfbesil  in  the  Scotoh  marl  in  great  abun- 
dance. In  some  spedes^  as  in  Chara  hitpida,  the  plant  when  living 
contains  so  much  eaibonato  of  lime  in  its  voi^table  ofganiaati<»,  inde^ 
xpendently  of  calcareous  incrustation,  that  it  effervesces  strongly  with 
acids  when  dry.  The  stems  of  Chara  hispida  are  longitudinally  striated, 
with  a  tendency  to  be  spiral.  These  stria?,  as  appears  to  be  the  case 
with  all  Chanp,  turn  always  like  the  worm  of  a  screw  from  right  to  left, 
while  those  of  the  seed-vessel  wind  round  iu  a  contrary  direction.  A 
erasB  section  of  the  stem  exhibits  a  curious  structure,  for  it  is  composed 
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of  <i  large  tubo  surrounded  by  smaller  tubes  (fig.  103.,  6,  c)  as  is  seen  in 
•OHM  extinct  as  well  as  recent  species.  In  the  sterna  of  several  species, 
Jioirever,  there  is  only  a  nngle  tube.* 


nr*Ne. 


4,  Mum  tad  hrumnhm  ttiStm  itwl  riw. 

Ci  SkoiriBf  tin  oratnl  tab*  nimidod  by  two  itegt  af  Mi]laff  tabw. 

riie  valves  of  a  small  animal  called  cypiis  {C.  ornata?  Lam.)  occur 
•;crapletely  fossilized,  like  the  stems  of  Charie,  in  the  Scotch  travertin 
ebove  mentioned.  The  same  cypris  inhabits  the  lakes  and  ponds  of 
England,  where,  togetlier  ivith  many  other  spedea,  it  is  not  uncommon. 
Althoogh  extremely  minnte,  they  are  visible  to  the  naked  eye,  and  may 
be  obacHrred  in  great  nambera,  swimming  swiftly  through  the  waters  of 
our  stagnant  pools  and  ditches.  The  antennsB,  at  the  end  of  which  are 
fine  pencils  of  hair,  are  the  principal  organs  for  swimming,  and  are 
moTed  with  great  rapidity.  The  animal  resides  within  two  small  valves, 
not  unlike  those  of  a  bivalve  shell,  and  moults  its  intogumonf  s  aniniallv, 
which  the  conchiterous  molhisks  do  not.  The  cast-oft'  .shells,  resembling 
thin  scales,  and  occurring  in  ccnmtless  myriads  in  many  ancient  fresh- 
water  marls,  impart  to  them  a  divisional  structure,  like  that  so  frequently 
derived  from  plates  of  mica. 

The  leoent  strata  of  laAuatiine  origin  above  alluded  to  are  of  veiy 
tmall  extent,  but  analogous  deposits  on  the  grandest  scale  are  forming 
in  the  great  Canadian  Idcea,  aa  in  Ldces  Superior  and  HuiQ]^  wlm 

•On A«ihwatarllsil^4o.  ByGLyeU.  GtoLnaaa, toL a,ssooiidssiis% 
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of  sand  and  clay  are  seen  inclosing  shells  of  existing  species.f  Tlie 
Cbara  also  plavs  the  same  part  in  the  subaqueous  vorrotation  uf  Xorth 
America  as  in  Kurope.  I  observed  along  the  borJ*  rs  of  sijvor.il  fresh- 
water lakes  in  the  state  of  New  York  ^  luxuriant  crop  of  this  plant  in 
clear  water  of  moderate  depth,  rendering  the  bottom  as  verdant  ad  a 
grassy  meadow.  Here,  therefore,  we  may  expect  some  of  the  toDgh 
■eed  Teaieli  to  be  pfnenred  in  mad,  just  ai  we  detect  them  fiiMil  in  the 
Eocene  stnteof  Hempabiiei  or  in  the  neighborhood  of  Paris,  and  mairf 
other  oonntrioB. 

Imhcddimj  of  freshwater  Species  in  Estuary  and  Marine  DeposiU. 

In  Leicen  levels. — We  have  sometimes  an  opportunity  of  examining 
the  deposits  which  within  the  historical  period  have  silted  up  some  of 
our  estuaries  ;  and  excavations  made  for  wells  and  other  purjM)ses, 
where  the  sea  has  been  finally  excluded,  enable  us  to  observe  the  state 
of  theorganieiemaioBinthesetnusti.  The  TaUejroftheOnse  bet  Veen 
Newhaven  end  Lewes  is  one  of  several  estuaries  fronTwhich  the  sea  has 
retired  within  the  hut  seven  or  eight  centories;  and  hera^  as  appeals 
from  the  researches  of  Dr.  Maotell,  strata  thirty  feet  and  apwards  ia 
thickness  have  accumulated.  At  the  top,  beneath  the  Ti^table  soil,  ia 
a  bed  of  peat  about  five  feet  thick,  inclosing  many  trunks  of  trees. 
Next  below  is  a  stratum  of  blue  clay  containing  freshwater  shells  of 
about  nine  species,  such  as  now  inhabit  the  district.  Intermixed  with 
these  was  observed  the  skeleton  of  a  deer.  Lower  down,  the  layers  of 
blue  clay  contain,  with  the  above-mentioned  freshwater  shells,  several 
marine  species  well  known  on  our  coast.  In  the  lowest  beds,  otkn  at 
che  depth  of  thirty-six  feet,  these  marine  Testacea  occur  without  the 
slightest  iotermixtnre  of  fluviatile  species,  and  amongst  them  the  shall 
of  the  narwal,  or  sea  anicom  (iTonodoii  numootro*)^  hss  been  detected. 
Underneath  all  these  deposits  is  a  bed  of  pipe^bji  derived  ftom  the 
subjacent  oha)k4 

*  See  DeimsrestPs  Cnutaeefl,  pi.  65. 

J Dr.  Biffsb)',  Journ.  of  Science,  Ac.  Xo.  xxxviL  pp.  262,  2G3. 
Usatell.  Qeol.  of  Soasea^  pw  286 ;  abo  Catalogue  of  Oro.  £em.,  QeoL 
iiLp«tiix80U9iidt£«i.  ^  s.*^ 
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If  we  had  no  historical  information  re9pe»  tiii[;  the  former  existence  of 
an  inlot  of  the  aea  in  this  valley  and  of  its  ifrndnnl  obliteration,  tlie 
inspection  of  the  section  above  describcMj  wouM  show,  as  clearly  as  a 
written  chronicle,  tho  following  sequence  of  event^i.  Firbt,  there  wjis  a 
salt-water  estuary  peopled  for  many  yeiU"a  by  species  of  marine  Te»tacea 
identical  with  those  now  livuig,  and  into  wliidi  Boma  of  tihe  larger  Ceta- 
ctA  occasionally  entered.  Secondly,  the  inlet  grew  aballower,  and  the 
water  became  braddsh,  or  alternately  salt  and  fresh,  so  that  the  remains 
of  freshwater  and  marine  shells  were  minted  in  the  blue  argillaceoos 
'  sediment  of  its  bottom.  Thirdly,  the  shoaling  continued  until  the  rivei^ 
water  prevailed,  so  that  it  was  no  longer  habitable  by  marine  Testacea, 
but  fitted  only  for  the  abode  of  flnvintile  species  and  aquatic  insects. 
Fourthly,  a  }>eaty  swamp  or  morass  w:is  formed,  where  some  trees  grew, 
or  ]>erhaps  were  drifted  during  tloods,  and  wliere  terrestrial  quadrupe<is 
were  mired.  Finally,  tlie  soil  being  flooded  by  the  river  only  at  distant 
intervals,  became  a  verdant  meadow. 

Jii  ddia  cf  Gta^n  wd  Indua, — It  was  before  stated,  that  on  the 
seapcoast)  in  the  delta  of  the  Gauges,  there  are  eight  great  openings, 
each  of  which  has  evidently,  at  some  ancient  period,  senred  in  its  tun 
as  the  principal  elianael  of  discharge.*  As  the  base  of  the  delta  is  200 
miles  in  length,  it  must  happen  that,  as  often  as  the  great  yolume  of 
river-water  is  thrown  into  the  sea  by  a  new  mouth,  the  sea  will  at  one 
point  bo  converted  from  f^alt  to  fresh,  and  at  anotlier  from  fre«]i  to  gait ; 
tor,  with  the  exception  of  those  parts  where  the  ]irineipal  dischart(e  takes 
place,  the  salt  water  not  only  washes  tlie  base  of  the  delta,  but  enters  far 
into  every  creek  and  lagoon.  It  is  evident,  tlieu,  that  repeated  alterna- 
tions of  beds  containing  freshwater  shells,  with  otlicrs  filled  with  marine 
escuvise,  may  here  be  formed.  It  has  also  been  shown  by  artesian  borings 
at  Calcutta  (see  above,  p.  267),  that  the  delta  .once  extended  much  far* 
ther  than  now  into  the  guH^  and  that  the  river  is  only  recovering 
from  the  sea  the  ground  which  had  been  lost  by  subsidence  at  some 
fcmner  period.  Analogous  phcnoroeua  must  sometimes  be  occasioned 
by  such  alternate  elevation  and  depression  has  occurred  in  modem 
times  in  the  delta  of  the  Indu.«i.f  But  tlie  subterranean  niovenvt'Tits 
ati'ect  but  a  small  number  of  the  deltas  formed  at  one  period  on  the 
globe;  whereas  the  silting  up  of  soaie  of  the  ann«  of  great  rivers 
and  the  opening  of  others,  and  tlic  consequent  variatiuu  of  tiie  |>ointi 
where  the  chief  volome  of  their  waters  is  dischaiged  into  the  sea,  am 
phenomena  common  to  almost  every  ddta. 

The  Tflliety  of  species  of  Testaoea  contained  in  the  recent  ealcateous 
marl  of  Scothmd,  before  mentioned,  is  very  small,  but  the  abundance  of 
individuals  extremely  great,  a  drcurostance  very  characteristic  of  fr^- 
water  formations  in  general,  as  compared  to  marine ;  for  in  the  latter,  aa 
is  seen  on  !sea-beachej»,  coral-reefe,  or  in  the  lx)ttom  of  the  sem  examined 
by  dredging,  wherever  the  individual  sheik  are  exceedingly  numerous, 
there  rarely  fails  to  be  a  vast  variety  of  species. 

•  Page  276.  f  Page  460. 
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Marine  planU. — 'ilxa  large  banks  of  drift  fiea-wevd  wLicii  occur  oa 
each  Ride  of  the  equator  in  the  Atlantic,  l^acific,  and  Indian  oceims,  were 
before  alluded  to.*  These,  when  they  mSbtSAe,  may  often  prodnoe  oott* 
udetable  beds  of  vegetable  mattor.  In  Holland,  sab-maiUM  peat  ■ 
derived  from  Fuci,  and  on  parts  of  oar  own  coast  from  Zotlera  mamtu 
In  places  vbeie  Algie  do  not  generate  peat^  they  may  nevertheleaa  leaTe 
traces  of  their  form  imprint^*!  on  argillaceons  and  calcareous  mud,  as 
they  are  usually  very  tough  in  their  texture. 

Sea-weeds  are  often  cast  up  in  such  abundance  on  our  shores  during 
hea>'y  gales,  that  we  cannot  doubt  that  occasioTially  vast  nuni^vr««  nf  them 
are  imbedded  in  littoral  dcjxjfits  now  in  |ir<.irri^s-j.  We  1 -aru  \'ron\  the 
researches  of  Dr.  Forchhammer,  lliat  bctsiJcs  bUpplyiug  in  common  with 
land  plants  the  raatcriuk  of  coal,  tlio  Alga)  miLst  give  rise  to  important 
chemical  changes  in  the  composition  of  strata  in  which  th^  are  imbed- 
ded. These  plants  always  contain  sulphuric  add,  and  sometimes  in  aa 
large  a  quantity  as  8^  per  cent,  combined  with  poCssh:  magnesia  also 
and  phosphoric  acid  are  constant  ingredients.  Whenever  laige  mames 
of  sesrweeds  putrefy  in  confat  t  w  itli  r*-nuginous  clay,  sulphuret  of  iron, 
or  iron  pyrites,  is  formed  by  the  union  of  the  sulphur  of  the  plants  with 
the  iron  of  the  clay ;  while  the  potash,  released  from  its  union  with  the 
clay  (/.  e.  silicnto  of  alumina),  forms  with  it  a  pecitliar  cr-inpound. 
Many  of  th.-  mineral  clmracteristics  of  ancient  ro<^k^  c«jm  <  ially  tlif  rJum 
slates,  and  tlio  ]n  rites  which  occur  in  clay  slatc',  and  the  tVa^nii* ut-*  of 
aiilliracito  iu  marine  Silurian  strata,  may  be  explained  by  tiie  d'lcompo- 
sition  of  fucoids  or  sea-weeds,  f 

InMding  of  cetaeeOi — It  is  not  uncommon  for  the  larger  Getacea, 
which  can  float  only  in  a  considerable  depth  of  water,  to  be  carried  dur- 
ing storms  or  high  tides  into  estuaries,  or  upon  low  shores,  whete^  upon 
the  retiring  of  high  water,  t]^ey  are  stranded,  llius  a  narwal  {Monodon 
numoceros)  was  found  on  the  \xach  near  Boston  in  Lincx>lQshire,  in  the 
year  1800,  the  whole  of  its  bo<iy  burieti  in  the  mud.  A  fisherman  gcdn|r 
to  his  boat  saw  the  horn,  and  tried  to  pull  it  out,  when  tlie  animal  U  cran 
tojstir  itself.  J  An  individual  of  the  common  whale  [Bnlcrnn  mi/sticftus)^ 
which  measured  wvonty  feet,  caui«'  axhore  near  IVterhrad,  in  1662. 
Many  indiviihials  of  tlie  u;.'nus  Balaeiioptura  have  met  the  fame  late.  It 
will  be  sullicieut  to  rett-r  to  those  cast  on  shore  near  Burut  Island,  and 
at  Alloa,  recorded  by  Sibbald  and  Neill.  Tlie  other  individual  mentioaed 
by  Sibbald,  as  having  come  ashore  at  Boyne,  in  Ban&hire,  was  probnUy 
a  nuEor-back.  Of  the  genus  Catodon  {Oaehaloi)^  Ray  mentions  a  large 
one  stranded  on  the  west  coast  of  Holland  in  1598,  and  the  iact  is  also 
commemorated  in  a  Dutch  engraving  of  the  tame  of  much  merit  Sib- 
bald, too,  records  that  a  herd  of  Cachalots^  upwards  of  100  in  nitmber 

*  Page  599.  f  Forcbhammer,  Report  British  Auoc  1^ 
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were  found  stranded  at  CSauston,  in  Orkney.  The  dead  bodies  cf  fhe 
larger  Cetaceft  are  sometimes  found  floating  on  the  surface  of  the  watere, 

jis  was  the  c.ise  witli  the  immense  whale  exhibited  in  London  in  1881. 
And  tl<j>  raroaso  of  a  sea-oow  or  lAmantine  (McUieora)  was^  in  1786, 
cast  ashore  near  Leith. 

To  some  acoitk-nt  of" this  kind  we  may  refer  the  position  of  tlie  skeleton 
of  a  whale,  seventy-three  feet  long,  which  was  found  at  Airthrey,  on  the 
Forth,  near  Stirlmg,  imbedded  in  cky  twenty  feet  higher  than  the  sur- 
&oe  of  the  highest  tide  of  the  livef  Forth  at  the  piesent  day.  From  the 
titwition  of  the  Boman  station  and  cansewaya  at  a  small  distance  fiom 
the  spot,  it  is  concluded  that  the  whale  must  hare  been  stranded  there  at 
a  period  prior  to  the  Christian  era.* 

Other  fossil  remains  of  this  class  have  also  been  found  in  estuaries  known 
to  liav*-  ht  cn  silted  up  in  recent  times,  one  fflample  <^  which  has  been 
already  mentioned  near  Lewes,  in  Sussex. 

Marine  reptiles, — Some  singular  fossils  have  lately  In  en  discoverc-l  in 

the  Island  of  Ascension,  in  a  stone  said  to  l-e 
continually  forming  on  the  beach,  where  tho 
waves  threw  up  small  rounded  fragment.s  of 
shells  and  corals,  which.  In  the  course  of  time, 
become  firmly  aggluttiWcd  together,  and  con- 
stitute a  stone  used  hugely  for  building  and 
making  lime.  In  a  quany  on  the  K.  W.  side 
of  the  island,  about  100  yards  from  the  sea, 
some  fossil  csfgn  of  turtles  have  been  discover- 

Foiail  eiTRS  of  turtles  from  the       i    •      ii      t       j         ^    ±\        f  i  »t<i 

imiandof  Afceu.ioii.T  ^'d  m  tho  hard  rocK  tu US  formed.  The  esrtrH 
must  have  been  nearly  hatched  at  the  time  wlien  they  perished;  for  the 
bones  of  the  young  turtle  are  seen  in  the  interior,  with  their  shape  fully  de- 
veloped, the  interstices  between  the  bones  being  entirely  filled  with  grains 
of  sand,  which  are  cemented  together,  so  that  when  the  egg-shells  arc  re- 
moved perfect  casts  of  their  form  remain  in  stone.  In  the  single  specimen 
here  figured  {pg.  106),  wluch  is  only  five  inthes  in  its  longest  diameter, 
no  lees  than  seven  ^;gs  are  preserved.} 

To  explam  the  state  in  which  they  occur  fcssil,  it  seems  neceaBaij  to 
suppose  that  after  the  eggs  were  almost  hatched  in  the  warm  sand,  a 
great  wave  threw  i^n  them  so  much  more  sand  as  to  prevent  the  rays 
of  the  sun  from  penetrating^  so  that  the  ydk  was  chilled  and  deprived  of 

*  Quart  Jounu  of  Lit  Set.,  dsc,  2io.  xv.,  a  172.   Oct  1819. 

f  ^itt  tpedmen  has  been  preseated  by  Mr.Lomdele  to  the  Geological  Society 

of  Ix)n(loti. 

X  The  mofit  coospicuoua  of  the  bone«  represeoted  witiiiu  the  shell  Id  fig.  107* 
api>ear  to  be  the  ewviele  and  oomeoid  bone.  Thev  are  hollow;  end  for  this 
reoaon  reseuiblo,  at  first  eight,  the  bones  of  birds  rather  than  of  reptiles ;  for  tho 
hUter  have  no  medullary  cavity.  FroC  Owen,  of  the  College  of  Surgeons,  in 
order  to  elaeidate  this  pointy  wsseeted  for  me  a  very  young  turtle,  and  found 
that  till'  exterior  portion  only  of  \\\<^  I'ones  wns  o?sifie<l,  the  intorior  being  still 
lilled  with  cartilage.  Tliis  cartilage  soon  dried  up  and  shrank  to  a  mere  thread 
upon  the  evaporation  of  the  spirits  of  wine  in  which  the  apeeiiDen  had  been  pre* 
served  10  that  in  a  ahort  time  the  bones  became  ss  tfnpljy  as  those  of  birdc 
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vitali^.  The  BheDs  were,  perhap,  slightlj  broken  at  the  aame  tme^  tc 
lliat  niiaU  gninB  of  nod  adghi  gmdnaUj  be  introdnoed  hito  the  mtnior 
by  water  as  it  peroolated  through  the  beach. 

Menine  testacea. — ^The  aqnatio  animals  and  plants  which  inhabit  an 
estuary  are  liable,  like  the  trees  and  land  animals  which  people  the  allu- 
vial plains  of  a  great  river,  to  be  swept  from  time  to  time  far  into  th«- 
deep;  for  as  a  river  is  ixTpotually  sliiftiiii;  its  course,  and  undermining  a 
portion  of  its  banks  with  the  toirvts  Avhii-h  cover  tht  in.  so  th"  marine 
current  alters  its  direction  from  Iniie  to  time,  and  bears  away  the  banks 
ci  sand  and  mud  against  which  it  turns  its  force.  These  banks  may  oon- 
sist  in  great  measoreof  ahdb  peeuliar  to  abalbwandsoiDednNB  brao^^ 
water,  wbioh  may  have  been  aeoimraktuig  for  oentiuiei^  imtil  at  kngth 
tbey  are  carried  away  and  spread  out  along  the  bottom  of  the  aea,  at  n 
depth  at  which  they  could  not  have  lived  and  multiplied.  Thus  littoial 
and  estuary  shells  are  more  frequently  liable  even  than  fireshwater  apedfls^ 
to  be  intermixed  with  the  exiivia?  of  pelacric  trilx's. 

After  the  storm  of  February  4.  1831,  wlion  several  vessels  were 
wrecked  in  the  estuary  of  the  Forth,  the  current  was  directed  against  a 
bed  of  oysters  with  such  force,  that  great  heaps  of  thejn  were  thrown 
alive  upon  the  beach,  and  remained  above  hig^>water  mark.  I  cdleoled 
many  of  theee  oyiteis,  aa  also  the  common  eatable  wheb  (ihiectna), 
thrown  up  with  them,  and  observed  that,  although  still  Ihring,  their 
shells  were  worn  by  the  long  attrition  of  sand  which  had  passed  over 
ihem  as  they  lay  in  their  native  bed,  and  which  had  evidoitly  nol 
suited  from  the  men  action  of  the  tempest  by  which  tbej  wen  csst 
ashore. 

From  tilt  so  facts  we  learn  that  the  union  of  the  two  parts  of  a  bivalv* 
shell  does  not  prove  that  it  has  not  been  transported  to  a  distance ;  and 
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when  we  find  shells  worn,  and  with  all  their  prominent  p«iU  robbed  <^ 
they  may  still        been  imbedded  where  th'^-v  ^n-<nv. 

Burrotoing  shells. — It  .sometimes  appears  cxtraurdiiiary,  when  we  ob- 
serve the  violence  of  the  breakers  on  our  coast,  and  see  tlio  strength  of 
the  current  in  removing  cliffs,  and  sweeping  out  new  channels,  that  many 
tender  and  fragile  shells  should  inhabit  the  sea  in  the  immediate  vicinity 
of  this  tmmoO.  But  a  great  number  <^  the  bivalve  Teatacei,  and  mnnj 
aho  of  the  turbinated  onivalvea,  barrow  in  sand  or  mad.  Hie  Sden 
and  the  CSardimn,  for  eiample,  which  are  nsually  found  in  shallow 
water  near  the  shore,  pierce  through  a  toft  bottom  without  injury 
to  their  bIicIIs  ;  and  the  Pholas  can  drill  a  cavity  through  mud  of  oon« 
siderable  hardness.  ITie  species  of  these  and  many  other  tribes  can  sink, 
when  alarmed,  with  considerable  rapidity,  often  to  the  depth  of  several 
feet,  and  can  also  penetrate  upwards  ag^iin  to  the  surface,  if  a  mnm  of 
matter  be  heaped  upon  them.  The  hurricane,  therefore,  luuy  expend  it- 
fury  in  vain,  aud  may  sweep  away  even  the  upper  part  of  banks  of  sand 
or  mud,  or  may  roll  pebbles  over  tliem,  and  yet  these  Testacea  may  re- 
main below  secure  and  uninjured. 

ShdU  Ueom  fauU  iU  eomderahU  dtptht,—!  have  already  stated 
that^  at  the  depth  of  950  &thoni8|  between  Gibraltar  and  Ceuta,  Cap- 
tain Smith  found  a  Lri  iv^lly  bottom,  with  fragments  of  broken  sheila, 
carried  thither  probably  from  the  comparatively  shallow  parts  of  the 
neighboring  straits,  throun^h  which  a  powerful  current  flows.  Beds  of 
shelly  sand  mifrht  hero,  in  the  course  of  ages,  be  accumulated  several 
thousand  feet  thick.  lUit,  without  the  aid  of  the  drifling^  power  of  a 
current,  shells  may  accumulate  in  the  spot  where  they  live  and  die,  at 
great  depths  from  the  surface,  if  sediment  be  thrown  down  upon  them  ; 
for  even  in  our  own  colder  latitudes,  the  depths  at  which  living  marine 
animaJa  abound  is  very  considerable^  Captain  Vidal  asoertained|  by 
soundings  made  off  Tory  IsUnd,  on  the  northwest  coast  of  IMand,  that 
Crustacea,  Stai^fish,  ani  Testaoea  occurred  at  various  depths  between 
fifty  and  one  hundred  fathoms ;  and  he  drew  up  Bentalia  from  the  mud 
of  Galway  Bay,  in  230  and  240  fathoms  water. 

ITie  same  hydrocrrapher  discovered  on  the  Kockhall  Bank  large  quan 
titie«i  of  shells  at  depths  var>'inf,'  from  45  to  190  fathoms.  The  shells 
wen7  for  the  n:ost  jiart  pidverlzed,  and  evidently  recent,  as  tlicy  retained 
their  colors.  In  the  same  roc^ion  a  bod  of  fish  bones  was  observed  exfond- 
ing  for  two  miles  along  the  bottom  of  the  sea  in  eighty  and  nint-iy 
fathoms  water.  At  the  eastern  extremity  also  of  Ilockhall  Bank,  fish- 
bones were  met  with,  mingled  with  pieces  of  fresh  shell,  at  the  depth  of 
280  fiithom& 

Analogous  formations  are  in  progreeft  in  the  submarine  tracts  extend- 
ing  from  the  Shetland  Isles  to  the  north  of  Ireland,  wherever  soundings 
can  be  procured.  A  continuous  deposit  of  sand  and  mud,  replete  w  itli 
broken  and  entire  phell«',  Echini,  Ac,  has  Imcu  traced  for  upwards  of 
tw*»ntv  miles  to  the  ea-stward  of  the  Faroe  Islatnls.  usually  at  the  depth 
of  from  forty  to  one  hundred  Cothoma.    in  one  part  of  this  tract  (lat 
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61'^  50',  long.  6'  30')  fi9h4>oiiMB  occur  in  extraordinan'  profitsion,  so  that 
the  lead  ciinnot  bo  drawn  up  without  aomo  Yertebne  being  attadied 
This  "  bone  bed,"  as  it  was  called  bv  our  surveyors,  is  thrcK-  itiik'<?  and  a 
:i!ilf  in  )enp:th,  and  forty-five  fathonu  under  water,  and  contains  a  fetr 
sIk'Hs  intenninijltHl -vviili  tli<'  lw)iii'S. 

Ill  ihoi  British  bcas,  the  bliellsj  and  other  organic  remains  lie  in  fsoft 
mud  or  loose  sand  and  gravel ;  whereas,  in  the  bed  of  the  Adrintio, 
Donati  found  them  frequently  inclosed  in  stone  of  recent  oiigin.  This 
is  pitwuelj  the  differenoe  in  cbaractor  wbtdi  we  might  have  eipectod  to 
i'xist  between  the  British  marine  formatioiis  now  in  prograas  and  those 
of  the  Adriatic ;  for  calcareous  and  other  mineral  springs  abound  in  the 
Mcditemuiean  and  lands  adjo^ninl,^  while  they  ai^  ilmml  entirely  want 
ing  in  our  own  countr}*.  T  have  already  adverted  to  tlio  ( igbt  regions  of 
different  depths  in  the  jfigean  Sea,  each  characterized  by  a  peculiar  as- 
semblage of  shells,  which  have  been  described  by  Professor  £.  Fothea^ 
who  explored  lliem  by  dred^'n^-.    (Sop  above,  p.  649.) 

During  liis  survey  of  the  west  e*i:ust  of  Africa,  Captain  Sir  E.  Iklelj^^r 
found,  by  frocjiiont  soundings  between  the  twenty-third  and  twentieth  d«^ 
gree»  of  north  latitude,  that  the  bottom  of  the  sea,  at  the  depth  of  from 
twenty  to  about  fifty  fiithoma,  oonaasts  of  sand  wltii  a  great  inteniuxttue 
of  shells,  often  entire,  bat  sometimes  finely  comminuted.  Between  the 
ele^th  and  ninth  degrees  of  north  latitude,  on  the  same  coast,  at  soond* 
ings  vaiying  from  twenty  to  about  dghty  fa^oms,  he  brought  up  abun- 
dance of  corab  and  shells  mixed  with  sand.  These  also  wore  In  'Wme 
parts  entire,  and  in  others  worn  and  broken. 

Ill  all  f]io«o  case?',  it  is  otily  necessary  that  there  shonlJ  !>.:•  si.me  depo- 
sition i  f  'ir'diiDontary  matter,  however  minute,  such  as  niav  be  supj>liod 
by  I  \vi>  draining  a  continent,  or  currents  preying  on  a  line  ot'  clif^^,  in 
ord<  r  that  stratified  formations,  himdreds  of  feet  in  thickness,  and  ropiete 
with  organic  remains,  should  result  in  the  course  of  ages. 

But  although  aomQ  deposits  may  thtis  extend  continuously  fw  a  thoa  • 
sand  miles  or  move  near  certain  coasts,  the  greater  pait  of  the  bed  of  the 
ocean,  remote  from  continents  and  islands,  may  yery  probably  leoebre^  at 
the  same  time,  no  new  aooesalons  of  drift  matter,  all  sediment  being  in- 
tercepted byintetr^ling  hollows,  in  wliidi  a  marine  currant  must  clear  its 
watera  as  thoronrrhlv  as  a  turibid  river  in  a  lak<>.  Erroneous  theories  in 
geology  may  be  formed  not  only  from  ovi  rl.  >okincr  ^bp  jrreat  extent  of 
simnltaneous  deposits  now  in  prr^cn'ess.  but  also  from  the  a?^«tiinj)tioii 
that  su<  h  formations  may  be  miivcrsal  or  coextensive  with  the  bed  of 
the  ocean. 

We  frequently  observe,  on  the  sea  beach,  very  perfect  spi'^^cns  oi 
foanl  shells,  quite  detached  from  Ihcu-  matrix,  which  bare  been  washed 
out  of  older  fimnations,  constituting  the  seapdiflk  They  may  be  all  of 
extinot  species,  Kko  the  Eocene  freshwater  and  marine  shdla  strewed  ovw 
tlie  shoras  of  Hampshire,  yet  when  th^  beotmie  mingled  witii  Uie  shdls 
of  the  present  period,  and  buried  in  the  same  deposits  of  mod  and  sand, 
they  would  appear,  if  upraised  and  examined  by  fiitare  gedc^gists,  to 
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liave  bcL'n  all  of  the  same  a£^«\  That  such  iutennixture  and  blending 
ot  oriraiiic  rc-nmiiis  ot'  diliereiit  ai^os  hare  actually  taken  place  in  former 
tiiiicti,  id  unquestionable,  though  the  occurrence  appears  to  bo  very  local 
and  esceptioiuiL  It  is,  homme^  a  daai  of  ieeidenti  mom  Ukelj  than 
almost  any  other  to  lead  to  serious  anachroBisou  in  geologicBl  chron» 


CHAPTER  Ji. 

rOnlATIOK  OF  COBAL  BUETB. 

Urowth  of  coral  chiefly  confiaed  to  tropical  regions — Principal  genera  ot  coral- 
bnOding  zoophyte*— Their  rate  of  growth«-Seldomfloiiiidi  at  greater  depths 
than  twenty  fathoms — AtoUa  or  annular  reeb  with  legoone — Maldive  Isles — 
Origin  of  tho  l  irculur  form — (^orol  reefs  not  ba«c(3  on  FtiMjfri»<'d  volcanic 
craters — ^Mr.  Darwin's  theory  of  subsidence  iu  explanation  of  atolls,  encircling 
and  barrier  ree&— TThy  the  windward  tide  ai  atoUs  higheet— SnWdenee  ex- 
plains why  all  atolls  are  nearly  on  one  level— Alternate  areas  of  elevation  and 
subsidence — Origin  of  oponlmrs  into  the  lagoons — ^i/o  of  atolls  and  Ijurrior 
reefs — Objection  to  the  theory  of  subsidence  considered — Composition,  struc- 
ture, and  stratified  arrangement  of  rocks  now  forming  iu  coral  reefs — Lim^ 
whence  derired— Snppoeed  inereaae  of  eoleareoni  matter  in  modem  epoohe 
eontrorerted— Ctondadhig  nmark& 

Tin:  powers  of  the  oroffinic  creation  in  inoditying  the  tbnn  and  stnu  tiire 
of  ihe  earth's  crust,  are  most  conspicuously  displayed  in  the  laboi-s  of  the 
coral  animahi.  We  may  compare  the  operation  of  these  zoophytes  in  the 
ocean,  to  the  eflfeots  piodueed  on  a  smaller  scale  uj><  •»  the  land  by  the 
phmta  which  generate  peat  In  the  case  of  the  Spha^um,  the  upper 
part  Tcgetates  while  the  lower  part  is  entering  into  a  mineral  mass,  in 
which  the  traces  <tf  oiganiiatioB  ranun  when  life  has  entirely  ceased. 
In  corals,  in  like  manner,  the  more  durable  materials  of  the  gmeration 
that  has  passed  away  serve  as  the  foundation  on  which  the  livii^  animab 
<K)ntinuc  to  rear  a  similar  structure. 

The  stony  part  of  the  lamplHform  zoophyte  may  be  likenod  to  an 
internal  skeleton;  for  it  is  always  more  or  less  surruuudcd  by  a  soft  ani- 
mal substance  capable  of  expanding  itself;  yet,  when  alarmed,  it  has  the 
power  of  contracting  and  drawing  itself  almost  entirely  into  the  oella  and 
hollows  of  the  hard  coral.  Although  oftentimes  beautifnUj  colored  in 
their  own  dement,  the  soft  parts  become  when  taken  ftom  the  sea 
nothing  more  in  i^tpeaianoe  than  a  brown  dime  spread  over  the  stonj 
nucleus.* 

The  growth  of  tho^  ci>nils  wln(  !i  form  reefs  of  solid  stone  is  entire.y 
confined  to  the  wanner  rof,nons  of  tlio  ijloW,  rarf-ly  extending  beyond  the 
tropica  abovo  two  or  three  d&gteeSf  except  under  peculiar  circmmtanccsi 


*  Ehrenberg,  2Hat  und  Bild.  der  CoraUeninseln,  ttc,  Berlin,  1884. 
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as  in  the  Ik'niuiJii  l.slaii<ls,  in  lat.  32°  N.,  where  the  Atlantic  is  warmed 
by  the  Gulf  stream.  The  ]*aeific  Ocean,  throughout  a  space  compre- 
hended between  the  thirtieth  parallels  of  latitude  on  each  side  of  the 
equatori  ia  extremely  productive  of  coral ;  as  also  are  the  Arabian  and 
Penbn  GaUk  Coral  is  also  abundant  in  tliA  tea  betiroen  the  ooMt  of 
Makbar  and  the  idand  of  MadagMcan  HindendeKnbesaxeef  of  oonl 
on  the  eaat  coast  of  New  Holland  as  having  a  length  of  neatly  1000 
snikfli  and  as  being  m  one  part  unbroken  for  a  distance  of  850  miles. 
8anie  groups  of  coral  islands  in  the  Pacific  are  from  1100  to  1200  mWos, 

in  lengtli,  by  300  or  400  in  breaiitb, 
as  the  Danfjerous  Ardiipelago,  for 
examj)le,  and  that  o-alled  Kadack  by 
Kul/ebue;  but  the  islands  within 
ilie.se  spaces  are  always  small  points, 
and  often  very  thinly  sawn. 

Of  the  numerous  speoies  of  zoo- 
phytes which  are  engaged  in  the 
prodttction  of  coni  bai^  some  of 
the  most  oommoQ  belong  to  the 
Uimarcldan  ponera  Astrea,  Pontes, 
Nfadropora^  Millepors,  Caryophyllia, 
and  Mean<lrina. 

Bale  of  the  (jrowth  of  Coral. — Very  dith-rent  opinions  have  Un-n 
eiitertaine<l  in  rei^ard  to  the  rate  at  which  coral  reefs  iucrofise.  In 
Captain  Beechey's  late  exjH.'dition  to  the  Pacific,  no  positive  information 
oodd  be  obtained  of  any  channel  having  been  filled  up  within  a  given 
period;  and  it  seems  established,  that  several  ree&  had  remained  fi» 
morethanhalfacentuiy,  at  about  the  sime  depth  from  the  euifiusft  y 

Ehrenberg  also  questions  the  fact  of  channels  and  harbms  having 
been  closed  up  in  the  Red  Sea  by  the  rapid  increase  of  coral  limestone. 
He  supposes  Uie  notion  to  have  arisen  from  the  circumstance  of  havens 
having  been  occasionally  filled  up  in  some  places  with  coral  san<l,  in 
others  with  large  quantities  of  ballast  of  coral  rock  thrown  down  from 
Vessels. 

The  natives  of  the  Bermuda  Islands  point  out  certain  corals  now 

iinon  in  eonl  mft. 
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Kurainity  of  braurh  of  Madrrpora 
murtcttt*,  Lin. 
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Poritti  clmMria,  Lam. 


Oculina  hirtella,  Lua 


growing  in  tlio  sea,  which,  according  to  tradition,  have  "been  living  in  the 
same  spots  for  centuries.  It  is  supposed  that  some  of  them  may  vie  in 
ago  with  tiie  most  ancient  trees  of  Europe.  Ehrenberg  al.so  observed 
single  corals  of  the  genera  Meandrina  and  Favia,  having  a  globular 
form,  from  six  to  nine  feet  in  diameter,  "  which  must  (he  says)  bo  of 
immense  antiquity,  probably  several  thousand  years  old,  so  that  Pharaoh 
may  have  looked  uj)on  these  same  individuals  in  the  Red  Sea."*  They 
certainly  imply,  as  ho  remarks,  that  the  reef  on  which  they  grow  has 
increased  at  a  very  slow  rate.  After  collecting  more  than  100  species, 
he  found  none  of  them  covered  with  parasitic  zoophytes,  nor  any 
instance  of  a  living  coral  growing  on  another  living  coral.  To  this 
repulsive  power  which  they  exert  whilst  living,  against  all  others  of 
their  own  class,  wo  owe  the  beautiful  symmetry  of  some  large  Meandri* 

t 

•  See  Ehrenbenj's  work  above  cited,  p.  761. 
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nse,  and  other  species  which  adoru  our  museatns.  Yet  Balani  and 
SerpuTi'B  can  attach  themselves  to  living  coraU,  and  holes  are  excavated 
in  them  hy  saxicavous  moUosca. 

At  the  isUmd  eiUed  Ikaopoto,  ia  the  South  PadfiQ>  the  anohor  of  b 
ihip,  wrecked  about  tfO  yeei*  before^  was  obeerred  in  aeven  &thoins 
water,  stUl  preeernag  its  original  fomif  but  entiielj  iocmsted  bj  oovaL* 
This  ftct  would  eeem  to  imply  a  slow  rate  of  augmentation ;  but  to 
form  a  coneet  estimate  of  the  average  rate  must  be  very  diffienlt,  since 
it  Duist  vary  not  only  according  to  the  species  of  coral,  but  according 
to  the  circumstances  under  which  each  species  may  l>e  phiced  ;  such,  for 
examph',  as  the  depth  from  the  Riirf  trf\  tfic  *]ii:intity  of  liirht,  the  tem- 
perature of  the  water,  its  freedoiii  troiu  sand  or  inud,  or  the  absence  or 
presence  of  breakers,  which  is  favoraltle  to  (he  |rn>\uli  of  some  kinds 
and  is  fatal  to  that  of  others.  It  should  also  be  observed  thai  the 
apparent  stationary  condition  of  some  eoial  reefi,  which  according  to 
Beechey  hare  remained  for  centuries  at  the  same  depth  under  water, 
may  be  due  to  subaidenoe^  the  upward  growth  of  the  coral  having  been 
just  sufficient  to  keep  pace  with  the  sinking  of  the  solid  fonndatioQ  on 
which  tlio  zoophytes  have  built.  We  shall  afterwards  see  how  fiir  this 
hypothesis  is  borne  out  by  other  evidence  in  the  regions  of  annular 
reefs  or  atollf. 

Tn  one  of  the  Maldive  islands  a  coral  reef,  which,  within  a  few  years, 
CMstc'l  on  nn  islet  bearing  cocoa-nut  trees,  was  found  by  Lieutenant 
Prentice,  '^'^  entirely  covered  xcllh  live  coral  and  madrepore.*'  The  nati\  i-s 
stated  that  the  islet  had  been  washed  away  by  a  change  in  the  currcnus 
and  it  is  clear  that  a  coating  of  growing  coml  had  been  foimed  in  a 
short  timcf  Etperiments,  also,  of  Dr.  Allan,  on  the  east  coast  of 
Madagascar,  prove  the  poasibitity  of  coral  growing  to  a  thickneas  of 
three  feet  in  about  half  a  year,|  so  that  the  rate  of  increase  may,  under 
favorable  circumstances,  be  very  far  from  slow. 

It  must  not  be  supposed  that  the  calcareous  masses  termed  coral 
reefe  are  exclusively  the  work  of  zoophytes :  a  groat  variety  of  shells, 
and,  amoni:^  them,  some  of  tlie  larLjest  and  heaviest  of  known  species, 
contribute  to  augment  the  mass.  In  the  Suuth  Pacific,  great  b«ds  of 
oysters,  mussels,  Pinnce  marimxy  Chama  (or  Tridacnce)^  and  other 
sUelU,  cover  in  profusion  almost  every  reef;  and  on  the  beach  of  corat 
islands  are  seen  the  shells  of  echini  and  broken  fiagments  of  crustaceous 
animals.  Large  shoals  of  fish  are  also  discernible  througb  the  clear 
blue  water,  and  their  teeth  and  hard  palates  cannot  fail  to  be  often 
preserved  although  their  soft  cartilaginous  bones  may  decay. 

It  was  tlie  opinion  of  the  German  naturalist  Forster,  in  1780,  after  his 
voyage  round  t!ie  world  with  Captain  Cook,  that  coral  animals  had  the 
power  of  bml.ling  up  steep  and  almost  p  rj  nJicular  walls  from  great 
depths  in  the  ^ca,  a  notion  afterwards  adopts  by  Captain  Flinders  and 

•  Stutchborr,  West  of  England  Joums^  Ko.  L  p^  ^ 

f  Darwin's  Coral  lUe&L  p.  77. 
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Others ;  but  it  is  now  very  generally  believed  that  these  zoophytes  cannot 
live  in  water  of  great  depths. 

Mr.  Darwin  has  come  to  the  conclusion,  that  those  species  which  are 
most  effective  in  the  construction  of  reefs,  rarely  flourish  at  a  greater 
depth  than  20  fathoms,  or  120  feet.  In  some  lagoons,  however,  where 
tlie  water  is  but  little  agitated,  there  are,  according  to  Kotzebue,  beds  of 
living  coral  in  25  fathoms  of  water,  or  150  feet ;  but  these  may  perhaps 
have  begun  to  live  in  shallower  water,  and  may  have  been  carried  down- 
wards by  the  subsidence  of  the  reef.  There  are  also  various  species  of 
zoophytes,  and  among  them  some  which  are  pronded  with  calcareous  as 
well  as  horny  stems,  which  live  in  much  deeper  water,  even  in  some  cases 
to  a  depth  of  180  fathoms;  but  these  do  not  appear  to  give  origin  to 
stony  reefs. 

There  is  every  variety  of  form  in  coral  reefs,  but  the  most  remarkable 
and  numerous  in  the  Pacific  consist  of  circular  or  oval  strips  of  dry  land, 
enclosing  a  shallow  lake  or  lagoon  of  still  water,  in  which  zoophytes  and 
mollusca  abound.  These  annular  reefs  just  raise  themselves  above  the 
level  of  the  sea,  and  are  surrounded  by  a  deep  and  often  unfathomable 
ocean. 

In  the  annexed  cut  (fig.  114),  one  of  these  circular  islands  is  repre- 
sented, just  rising  above  the  waves,  covered  with  the  cocoa-nut  and 
other  trees,  and  inclosing  within  a  lagoon  of  tranquil  water. 


¥ig.  114. 


View  of  WhiUnndaj  bUad.   (Ctpt.  Beeehex.)* 


Tlie  accompanying  section  will  enable  the  reader  to  comprehend  the 
usual  form  of  such  islands.    (Fig.  115.) 

Fif.  115. 


Section  of  a  CormI  Island. 

a,  tj  Habitable  part  of  the  island,  consittin^  of  a  ittip  of  coral,  inclocin^  tlM  Ug«A 
^  k.  The  lagoon. 


•  Voyage  to  the  Pocific,  Ac.  in  1825-28. 
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Vnb  saljomed  cut  (fig.  116.)  esfaibite  a  smaU  part  of  the  leekioii  of  m 
ooial  idaad  on  a  laiger  fcale. 


Wig.  116, 


aaetf  OB  of  fftit  of  ft  Coral  Uand, 


h.  Habitable  part  of  the  island. 
K  e,  Slope  of  the  aide  of  the  iaUnd,  pluogiuf  at  an  augle  of  fi»t/-fif«  lo  <ho  dojl^ 

of  fiUi-eu  hundred  feet, 
c,  e,  Part  of  the  lagoon.  * 
4t  dt  Knolls  of  coral  in  the  lofOM,  wilbomlMnfnff  aHwm  of  «anl  raoomMiof  fko 

otpitals  of  colonuu. 

Of  thirty-lNro  of  these  cota.  iilaiidi  T^sited  hj  Beechej  ia  hit  TOjage 

to  the  Piu  ifie,  twentf-niiie  had  lagoons  in  their  oentrae.  TIio  largest  was 
90  miles  in  diameter,  and  the  smallest  less  than  a  mile.  All  were 
increasing  their  dimensions  by  the.  actlv(»  operntioMs  of  the  lithophytes, 
which  nppearcJ  to  be  cp*ndually  extenain<x  and  bringing' the  immersed 
parts  of  their  structure  to  the  surface.  The  f^oene  presented  by  th*w 
aiiuidar  reefs  is  equally  striking  for  its  .tinfrularity  and  beauty.  A  strip 
of  land  a  few  hundred  yardi>  wide  is  covered  by  lolly  cocoa-nut  trees, 
above  which  is  the  blue  vault  of  heaven.  This  band  of  verdure  is 
bounded  by  a  beach  of  glittering  white  eand,  the  outer  maigin  of  which 
is  endrded  with  a  ring  of  snow'wlute  breakeis,  beyond  which  aie  the  dark 
heavrng  waters  of  the  ocean.  The  inner  beach  incloess  the  still  clear 
water  of  the  lagoon,  resting  in  its  greater  part  on  iv-hite  sand,  and  when 
illuminated  by  a  vertical  sun,  of  a  moat  vind  green.*  Certain  species 
of  zoophytes  abound  most  in  the  lagoon,  others  on  the  exterior  margin, 
where  there  is  a  great  surf.  ''TIio  oceau,"  says  ^fr.  Dar\vin,  "throwing 
its  breakers  on  tliese  outer  fchoics,  appeai-s  an  invincible  enemy,  yet  we 
sec  it  re&i»ted  and  even  conquered  by  means  which  at  first  seeui  juost 
weak  and  inefficient.  No  periods  of  repose  are  granted,  and  the  long 
swell  caused  by  the  steady  action  of  the  trade  wind  never  ceases.  The 
breakeis  exceed  in  Tiolence  those  of  our  temperate  regions,  and  it  is 
impossible  to  behold  them  without  feding  a  conviction  that  rodcs  of  gra- 
nite or  quarts  would  ultimately  yield  and  be  demolished  by  such  irresiatir 
ble  forces.  Yet  these  low  inaigmficant  ccial  islets  stand  and  are 
victoriou8|  for  here  another  power,  as  antagonist  to  the  former,  takes  part 
in  the  contest.  The  organic  forces  separate  the  atoms  of  carbonate  of 
lime  one  by  one  from  the  foaming  breakers,  and  unite  them  into  n  sym- 
.iietrical  structure;  myriads  of  architects  ar«  at  work  ni-jflit  v.nd  dav. 
mouth  after  month,  and  wo  see  their  soft  and  gelatinou-  IhIus  through 
the  agency  of  the  vital  laws  conquering  the  gre^t  meohauical  jiowerof 
the  waves  of  an  ocean,  which  neither  the  art  of  man,  nor  the  inanimate 
worlca  of  natore  conM  sttcoeesftdly  Tesist**  f 

*  Darwin's  Journal,  <Hie.,  p.  640,  nnd  new  edit,  of  1845,  p.  468. 

t  Dnrwia'i  Jonmal,       pp.  547,  54S.,  and  2d  edit,  of  1845^  p,  4ft0. 
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Ab  Ui9  coral  animab  require  to  be  continually  immersed  in  salt  water, 
they  cannot  raise  themselves  by  tlioir  own  efforts,  above  the  level  of  the 
lowest  tides.  The  innnncr  in  which  the  reefs  are  couverted  into  ishiiidft 
above  the  level  of  (lio  sea  is  thus  dL*i?cribed  by  Chamisso,  a  naturalist, 
who  accompanied  Kotz<'bue  in  his  voyacfeB  : — "  When  the  reef,"  mvn  he, 
^'  is  of  bueli  a  lic-iglit  that  it  remaiuH  almo«it  dry  at  low  w  attr  the  corals 
kave  off  building.  Above  this  lind  a  continnous  maaa  of  solid  stone  is 
seen  composed  <ji  the  shells  of  moUusiks  and  eduui,  with  their  biokeiHiiff 
prickks  and  fragments  of  coral,  united  hy  cailcareoiis  sand,  produced  hy 
the  pulTeikatioD  of  shells.  The  heat  of  the  sun  often  penetiAtss  the 
mass  of  stone  when  it  is  dry,  so  that  it  splits  in  many  places,  and  the 
foioe  <^tbe  waves  is  thereby  enabled  to  separate  and  lift  blocks  of  coral, 
frequently  six  feet  long  and  three  or  four  in  thickness,  and  throw  then* 
upon  the  reef,  by  which  means  the  ridge  becomes  at  lengti  »o  In'ixh  that 
it  is  co\ered  only  during  some  seasons  of  the  year  by  the  spring  ti<]es. 
After  this  the  calcareous  sand  lied  undLsturbed,  and  offers  to  the  soods 
of  trees  and  plants  cast  upon  it  by  the  waves  a  soil  upon  which  they 
rapidly  grow,  to  overshadow  its  dazzling  white  sui&ce.  Entire  trunbs 
of  trees,  which  are  carried  bj  the  rivers  from  other  countries  and  islands, 
find  here,  at  length,  a  restii^place  after  thdr  loi^  wanderii^:  with 
these  oome  some  small  animals  such  as  insects  and  lizards,  as  ibe  first 
inhabitants.  Even  before  the  trees  form  a  wood,  the  sea-birds  nestle  here : 
stray  land>birds  take  refuge  in  the  bushts ;  and,  at  a  much  kter  period, 
when  the  work  iia^i  been  long  since  completed,  man  appears  and  builds 
his  '"It  on  tlie  fruitful  soil."* 

Ill  ill'  above  description  the  soHd  stone  is  stated  to  consist  of  shell  and 
euial,  united  by  sand ;  but  masses  of  very  compact  limestone  are  also 
fouud  even  iu  the  uppt^rmost  and  newest  parts  of  the  reef,  such  as  could 
only  have  been  produced  by  chemical  precipitation.  Professor  Agassiz 
also  informs  me  that  his  observations  on  the  Florida  reefii  (which  confirm 
Darwin's  theory  of  atolls  to  he  mentioned  in  the  sequel)  have  convinced 
him,  that  huge  blocks  are  loosened,  not  by  shrinkage  in  the  sun^s  heat, 
as  Chamisso  imagined,  hut  by  innumerable  petforatioos  of  tithodomi  and 
other  boring  testacea. 

The  carbonate  of  lime  may  linve  been  principally  derived  from  the 
decomposition  of  corals  and  testacea  ;  tor  when  the  aninvil  matter  under- 
Gfo^'s  putrefaction,  the  ealeareous  residuum  roust  be  set  tree  under  circum- 
telauces  very  favorable  to  precipitation,  espeeiuUy  when  there  ar^  other 
calcareous  substances,  such  as  shells  and  corals,  on  which  it  may  be  de- 
posited. Thus  organic  bodies  may  be  inclosed  in  a  solid  cement,  and 
become  portioos  of  locky  nuuses.f 

The  width  of  the  circular  strip  of  dead  coral  forming  the  islands  ex- 
plored by  Captain  Beechey,  exceeded  in  no  instance  half  a  mile  from  the 
usual  wash  of  the  sea  to  the  edge  of  the  lagoon,  and,  in  general,  was 
only  about  three  or  four  hundred  yards^^  The  depth  of  the  h^pooos  is 

•Kotzcbiie'flVoy.,  1815-18,  vol.  iiL  pp.  381-SM. 

f  Statohbuiy,  Wwiof  EogJonrL,  Na  i«  p.  sa  %  Oiptsm  Bstehsy,  part  I  pi  I8& 
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various ;  in  is  me^  entered  by  Gaptaia  Beechey»  it       torn  twenty  to 

thirty-eight  fathoms. 

The  two  otlu  r  pectiliarities  which  are  most  characteristic  of  the  amm^ 

lar  reef  or  atoll  arc  tirst,  that  the  strip  of  dead 


l>  % 


v.*. 


coral  is  invariably  highest  on  the  windwurd 
side,  and  s  x  ondly,  that  there  is  very  generally 
111  opening  at  some  point  in  the  reef  afford-  _ 
ing  a  narrow  passage,  often  of  oonndemble 
depth,  from  tlie  sea  into  the  lagpoa. 

MoHim  and  Laceadive  /<lef.'-Thd  chain 
of  zeds  and  islets  called  the  MaldiTea  (eee 
%  ll?.)f  situated  in  the  Indian  Ocean,  to 
the  south-west  of  Malabar,  forms  a  chain 
470  geographical  miles  in  length,  running 
due  north  and  south,  with  an  average  breadth 
of  about  50  miles.  It  is  composed  through- 
out of  a  series  of  ^  irr nlar  asscnibla;:^?  of 
isleff,  all  formed  of  coral,  the  largor  rrroups 
being  from  forty  to  nitiety  niil«.s  in  their 
loDwst  diameter.  Captain  lloi-sluigh,  whose 
chart  of  these  islands  is  subjoined,  states,  tliat 
outside  of  each  circle  or  atollf  as  it  is  tenned, 
there  are  coral  rcc&  sometinies  extending  to 
the  distance  of  two  or  three  miles,  bejond 
whicli  there  are  no  soundings  at  immense 
depths.  But  in  the  centre  of  each  atoll  there 
is  a  lagocHi  from  fifte^  to  forty-nine  fiithoms 
deep.  In  the  channels  between  the  atolls  no 
soundings  can  usoally  be  obtained  at  the 
depth  of  150  or  even  250  fiithoms,  but  during 
Captain  Mort  sby's  survey,  soundinsrs  were 
struck  at  150  and  200  fathoms,  the  only  in- 
stances as  yet  Icnow  n  of  the  bottom  luiving 
bi'.  n  reached,  either  in  the  Indian  or  Pacific 
oceans,  in  a  j-pace  intervening  between  two 
separate  and  well  characterized  atolls. 

The  bingularity  in  the  form  of  the  atolls 
t(  this  archipelago  consists  in  their  being 
.nade  up,  not  of  one  continuous' dicular  reef 
but  of  a  ring  of  small  coral  islets  some- 
times more  than  a  hundred  in  number,  each 
gf  which  is  a  miniature  atoll  in  itself ;  in  other  words,a  ring-fhapod  strip 
of  coral  surrounding  a  lagpw  of  salt  water.  To  account  for  the  origin 
of  these,  ^Itfr.  Darwin  supposes  the  larger  annular  reef  to  have  l  ieen  broken 
up  into  a  number  of  frai^mpnts,  each  of  which  acquired  its  p»?eu1inr  con- 
figurations under  the  influence  of  causes  similar  U>  those  to  which  the 
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structure  of  the  parent  atoll  has  been  due.  Many  of  the  minor  rinrrs  aro 
no  lei^  than  three,  nnd  even  live  miles  in  diameter,  and  some  are  situated 
in  the  mid^t  of  the  principal  lagoon ;  but  this  happens  only  in  cases 
where  the  sea  can  enter  freely  through  breaches  iu  the  outer  or  marginal 
reeC     .  • 

The  rocks  of  the  HaldiireB  an  oompofled  of  aandstone  fonned  of  todwii 
thells  and  comb,  such  as  maybe  ohtiimed  in  alooaeatatefrom  theheaoh, 

and  which  is  seen  when  expo^  for  a  few  days  to  the  air  to  beoome  bar* 
1  II  1.  The  sandstone  is  sometimes  observed  to  be  an  aggregate  of  btoken 
iiheUs,  corals,  pieces  of  woo<l,  and  shells  of  tlie  coooa-nut.* 

The  Laccadivo  islands  run  iu  the  same  lino  ^vith  the  Maldives,  on  the 
nortli,  as  do  the  isles  of  the  Chagos  Archipelago,  on  tiie  .south ;  so  that 
these  may  be  continuations  of  the  same  cliaiu  of  submerged  mountains, 
crested  in  a  simikr  manner  by  coral  limestones. 

Ongm  of  the  cireular  fwm  not  vo&anie.—- The  droular  and  oval 
shape  of  ao  many  lee&i  eadi  having  a  lagooa  in  the  oentie,  and  being 
sunotinded  on  all  aides  by  a  de^  ocean,  naturally  suggested  the  idea  thai 
they  were  nothing  more  than  the  crests  of  submarine  volcanic  craters 
oveigrown  by  coral ;  and  tliis  theoiy  I  myself  advocated  in  the  earlier 
editions  of  this  work.  Although  I  am  now  about  to  show  that  it  must 
be  abandoned,  it  may  still  be  instructive  to  point  out  the  grounds  on 
which  it  was  formerly  embrace^].  In  the  first  place,  it  had  Wen  remarked 
that  there  were  many  active  volcanoes  in  the  coral  region  v(  tlie  Pacific, 
and  that  iu  some  places,  as  in  Gambier*s  group,  rocks  composed  of  porous 
lava  rise  up  in  a  btcoon  bordered  by  a  carcnlar  reef^  just  as  the  two  cones 
of  eruptioa  called  uie  Eamenia  have  made  thdr  appearance  in  the  times 
of  histoiy  within  the  cireular  gulf  of  Santorin*!  It  waa  also  observed  that^ 
as  in  8.  Shetland,  Barren  Island,  and  otheis  of  volcanic  origin,  there  is 
one  nairow  breach  in  tlic  walls  of  the  outer  cone  by  which  ships  may 
enter  a  circular  gulf,  so  in  like  manner  there  is  often  a  single  deep  passage 
leading  into  the  lagoon  of  a  coral  inland,  the  Inimon  if5;elf  seeminnr  to 
repre^«ent  the  hollow  or  trulf  just  as  the  rin^r  of  dry  coral  recak  to  our 
minds  the  rim  of  a  volcanic  crater.  More  lately,  indeed,  Mr.  Darwin  has 
shown  that  the  numerous  vulcanic  craters  of  the  Galapagos  Archipelago 
in  the  Pacific  have  all  of  them  their  southern  sides  the  lowest,  or  in  many 
cases  quite  broken  down,  so  that  if  they  were  snbmeiged  and  incniated 
with  coral,  they  would  resemble  true  atoUs  in  shape.} 

Another  aignment  whbh  I  adduced  when  formerly  defending  this  doc- 
trine was  derived  fiom  Ehrenberg's  statement,  that  some  banks  of  coral 
in  the  Red  Sea  were  square,  wl^e  many  others  were  ribbon-like  strips, 
■with  flat  tops,  and  Avitliout  lafifoon**.  Since,  therefore^  all  the  genera  and 
many  of  the  species  of  zoophytes  iu  the  Rod  Sea  acfreed  with  those  whieli 
elsewhere  construct  lagoon  islands,  it  followed  that  the  stone-making 

*  Ospt«ii  Moresby  on  the  MaldrvM,  Joam.  Boy.  Oeograph.  Soo.,  vol  v.pati 

fi.  p.  400. 

4  See  above^  p.  442. 

X  Darwin,  Yolesiito  Islandf^  lit. 
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zoopbjtes  are  not  guided  by  tlicir  own  instinct  in  tbe  formation  of  annu* 
Jar  T'^t'fn,  but  that  this  p*'ciilir\r  shape  and  the  position  of  such  reefs  in  the 
midst  of  a  deep  ocean  jhusl  depend  on  the  outline  of  tiie  submarine 
bottom,  which  rcHtnbles  nothing  else  in  nature  Lut  the  crater  of  a 
lofty  bubjuerged.  volcanic  cone.  The  enormous  me^  it  is  troei^  of  some 
■toUi,  made  it  neoentty  for  me  to  «icribe  to  tlw  cnften  of  many  mb- 
marine  volcanoes  a  magoittido  whioh  was  stardiiig,  and  which  had  oAn 
been  i^ipeakd  to  as  a  serious  objection  to  the  voloanio  fheoiy.  That  so 
many  of  them  were  of  the  same  heoght,  or  jwt  krel  with  the  water,  diA 
not  present  a  difficulty  so  long  as  we  remained'ignorant  of  the  fact  that 
tbe  reef-building  speoies  do*  not  gfow  at  greater  depths  than  twentjr-five 
iathoms. 

May  be  explained  hj  subsidence. — Mr.  Darwin,  after  examininsr  a 
variety  of  coral  formations  in  different  parts  of  tlie  trlolw,  was  indii(  e<l 
to  reject  the  opinion  that  their  shape  re|>resentod  tlie  Ibrm  of  tlie  original 
bottom.  Instead  of  admitting  that  the  ring  of  dead  coral  rerted  on  a 
eircolar  or  oral  ridge  of  rock,  or  that  the  lagoon  corresponded  to  a  pre- 
enating  csrity,  he  adranoed  a  new  opinion,  which  must^  at  fiist  tight, 
seem  paiadoncsl  in  the  extreme;  namely,  that  the  higoon  is  prededj  in 
the  plaoe  oooe  occupied  by  the  liighei;t  part  of  a  mountainous  island,  or, 
in  other  caaes^  by  the  top  of  a  i^hoal. 

The  f^jllowing  is  a  brief  sketch  of  the  facts  and  ar<r«ments  m  favor  of 
this  now  view  : — Besides  those  rincp^  of  drv  coral  whieh  enclose  lagoons,  there 
are  otliers  ]ia\intr  a  similar  form  and  htructure  wliieh  encircle  lofty  i<?lanil*. 
Of  the  latter  kind  is  ^'anikoro,  (see  map,  tig.  39,  p.  351,)  celebrated  on 
account  of  the  shipwreck  of  La  Pcyrouse,  where  the  coral  reef  runs  at 
the  distance  of  two  or  three  miles  from  the  sh<Me,  the  dhannd  between  it 
and  the  land  harmg  a  general  depth  of  between  200  and  800  feet  This 
channel,  therefore^  is  analogous  to  a  higoon,  but  with  an  isknd  standing 
in  the  middle  like  a  picture  in  its  frame.  In  like  manner  in  Tahiti  we 
see  a  mountainous  land,  with  ever}'where  round  its  maigin  a  lake  or 
asone  of  smooth  salt  water,  separated  from  the  ocean  by  an  encircling 
reef  of  coral,  on  which  a  line  of  breakers  is  always  foamincj;.  So  alw> 
New  Caledonia,  a  long  narrow  island  cast  of  New  Holland,  in  which  the 
rcK  ks  arc  granitic,  is  surrounded  by  a  reef  which  runs  fur  a  length  of  400 
miles.  This  reef  encompasses  not  only  the  island  itself,  but  a  ridge  of 
rocks  which  are  prolonged  in  the  same  direction  beneath  the  sea.  No 
one,  therefore,  wUl  contend  for  a  moment  that  in  this  case  the  corals  are 
bssed  upon  the  rim  of  a  voleanio  crater,  in  the  middle  of  which  stands  a 
mountain  or  island  of  granite. 

The  great  barrier  reef,  already  mentioned  as  running  parallel  to  the 
north-east  coast  of  Australia  for  nearly  1000  miles,  is  another  most  re- 
markable example  of  a  loni^  strip  of  coral  running  parallel  to  a  coast.  Its 
distance  from  the  mainland  varies  from  twenty  to  seventy  mil<'<  nnd  the 
deptli  of  the  q;reat  arm  of  tlie  sea  thus  enclosed  is  usually  U'twct-n  ten 
and  twenty  fathoms,  but  towards  one  end  from  forty  to  sixty.  This  great 
reef  would  extend  much  £Arther,  according  to  Mr.  Jukes,  if  the  growth  of 
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ooral  weie  not  prevented  oft"  the  shores  of  New  (Juiueu  by  a  niud  ly  ]>ot- 
tom,  causiid  by  rivers  clxarged  with  eediiuciit  which  flow  from  the 
Boathera  coast  of  that  great  isUuid.* 

Two  fllnwww  of  nefi^  tfaoefiire,  liave  now  been  ooiwd«red;  tai,  the 
atoll,  anfil,  aeooncUj,  the  eninrcUng  and  burier  ree^  all  ag/mtmg  peifeedj 
in  itnictiire,  and  (he  sole  difference  lying  in  the  alMenoe  m  the  case  <^  the 
atoll  of  all  land,  and  in  the  others  the  presence  of  land  bounded  either 
by  an  encircling  or  a  barrier  reef.  But  there  is  itiU  a  third  claaa  of  reefn, 
callotl  by  ^fr.  Darwin  '*  fringinq;  reefe^"  wliich  approach  niucli  nearer  the 
land  than  those  of  the  encircling  and  borrifr  chjss,  and  which  indeed  so 
nearly  touched  the  coast  aa  to  leave  nothing  in  the  intervonin':,'  space 
resembling  a  lagoon.  "  Tliat  the-^^o  reefs  are  not  attached  quiio  close  to 
the  shore  appears  to  be  the  result  of  two  causes;  finst,  that  the  water 
immediately  adjoining  the  beaeh  is  Tendered  torbid  by  the  snr^  and  there- 
fine  injurious  to  all  aoophytes;  and,  secondly,  that  the  larger  and  effioient 
lands  only  flourish  <hi  the  oufcw  edge  amklst  the  breaken  of  the  opsn 

It  niU  at  onoe  he  conoeded  that  there  is  so  much  analogy  between  the 
form  and  pomtion  of  the  strip  of  coral  in  the  atoll,  and  in  the  encircling 
and  barrier  reef,  that  no  explanation  can  be  satisfavtory  which  does  not 
include  the  whole.  If  wo  turn  in  the  first  place  to  the  encircling  and 
barrier  re^tis,  and  endeavor  to  explain  how  the  zoophytes  could  have 
found  a  bottom  on  which  to  begin  to  bnild,  we  are  met  at  once  with  a 
great  dithculty.  It  is  a  general  fact,  long  since  remarked  by  Dampier, 
that  high  land  and  deep  seas  go  together.  In  other  words,  steep 
mountains  coming  down  abruptly  to  the  sea^hoie  are  generally  oontinued 
with  the  same  ib^  beneath  the  water.  But  wheie  the  iee(  as  at  6  and 
e  (fig*  118),  is  distant  several  miles  fitom  a  steep  ooast»  a  line  dnwn  psi^ 


fir  lit. 


SappoMd  Mrtuwolu  iala^  with  am  •■didiiv  mf  flf  «atdU 
Af  The  island. 

Ii, «,  Highest  poinu  of  tb»  wwiidiBf  M*f  bttmnwhldi  udthssaaM  w  Mm  •  ipaw 

(x  riipirj  by  Btill  water. 

pcndiculurly  downwards  from  its  outer  edges  ft  c  to  the  fundamental  rock 
d  e,  must  descend  to  a  depth  exceeding  by  several  thousand  feet  the 
limits  at  winch  tlio  elUcient  stone-building  corals  can  oxist^  fur  wc  have 
seen  that  they  cease  to  grow  in  water  which  is  more  iliau  120  feet  deep. 
That  the  original  rock  immediately  beneath  the  points  6  c  is  actually  as 
lar  ftom  the  sui&oe  as  il  «^  is  not  meidj  inftned  from  Dampier^s  rule» 

•Qtmrt.  Joiirn.  P.  col,  Soc  4.  xcm. 

f  Darwin's  Journal,  p.  667.  2d  edit  chap.  20,  and  Coral  Islands^  chapters  1, 1^  S. 
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but  contirrncHi  by  the  £act,  that,  irame<linto1y  outside  the  reef^  soundings 
are  either  not  met  with  at  all,  or  only  at  enurnious  deptlis.  In  short,  lh# 
ocean  is  as  doep  there  as  might  have  beon  anticipated  in  the  neighbor 
hood  of  a  bold  coa^t ;  and  it  is  obviom>ly  the  |>reji»eDC6  of  tho  coral  alone 
which  has  givBn  lue  to  the  ancxmaloua  einteiioe  of  shallow  water  <mi  tho 
leef  and  hetween  it  and  the  knd. 

Ajfter  atudymgin  mimite  detail  aU  the  phenomena  above deioribed, 
Mr.  Darwin  has  offered  in  eiplaiiaitioii  a  theoif  now  Teiy  genenDy 
adopted.  The  coral-forming  polyjo,  he  states,  hcg^n  to  build  in  water  of 
a  moderate  depth,  and  while  they  are  yet  at  work,  the  bottcnn  of  the 
sea  subsides  ^rradually,  bo  that  the  foundation  of  their  edifice  is  carried 
downwards  at  the  same  time  that  thev  are  raising'  the  super- fn3?^fijr.\ 

therefore,  the  rate  of  sul)sidenco  bo  not  too  rtipid,  the  frrowiug  c<»ral 
will  continue  to  buiM  np  to  the  purfaoe;  the  nia'vs  always  p-iining  in 
height  above  its  original  base,  but  remaining  in  other  respectii  in  the 
aame  position.  Not  so  with  the  land ;  each  inch  kst  is  irreclaimably 
gone ;  as  itsinks,  the  water  gains  foot  bj  foot  on  the  tfaoie^  till  in  many  , 
eases  the  highest  peak  of  the  original  ishmd  disappean.  What  was 
before  land  is  then  oocupied  by  the  lagoon,  the  position  of  the  enoirding 
coral  remaining  tmalteied»  with  the  exception  of  a  slight  oontraotion  of 
its  dimensions. 

In  this  manner  are  encircling  reefs  and  atolh  produced ;  and  in  con- 
jSrmntioii  of  his  views  Mr.  Darwin  has  pointed  out  examples  which  illus- 
trate ev<^ry  intermediate  state,  from  that  ofloftv  islands,  such  as  Otaheite, 
encircled  by  coral,  to  that  of  Gambiers  group,  where  a  tew  peaks  only 
of  land  rise  out  of  a  lagoon,  and  lastly,  to  the  perfect  atoll,  having  a 
l^oon  several  hundred  feet  deep,  surrounded  by  a  reef  rising  steeply 
from  an  unfiithomed  ocean. 

If  we  embrace  these  views,  it  is  dear,  that  in  Tegions  of  giairing  coral 
a  similar  subeideiioe  most  ^ve  rise  to  bairierieeb  along  the  shontf  of 
a  continent.  Thus  suppose  A  (fig.  119),  to  repnaent  the  north-east 
portion  of  Australia,  and  h  c  the  ancient  level  of  the  sea,  when  the  ©oral 
leaf  d  was  foRned.  If  the  land  sink  so  that  it  is  sabmeiged  more  and 


Fiff.  lit. 


more^  the  sea  must  at  length  stand  at  tiie  lefd  the  leef  in  the  mean 
time  having  been  enlarged  and  raised  to  the  point  ff.  The  distance 
between  the  shore  /,  and  the  batrier  reef  ff,  is  now  much  greater  than 
origin^ ly  between  the  shore  c  and  the  reef  <f,  and  the  longer  the  aabsi- 

dence  continues  the  farther  will  the  coast  of  the  mainland  recede 

AVhen  the  first  edition  of  this  work  appeared  in  1831,  several  years 
before  Mr.  Darwin  had  investigated  the  £icts  on  which  hia  theory  is 


Digitized  by  Google 


* 


gb.  of  cobal  slavdb.  787 

founded,  I  had  OODM  to  the  opinion  that  the  land  was  mibsidiiig  at  the 
bottom  of  those  parta  of  the  Pacific  where  atolls  are  numerous,  although 
I  failed  to  jH'ro'-'wG  that  such  a  subsidence,  if  conoedod,  would  equallT 
solve  the  eiiigma  jus  to  the  form  both  of  annular  and  barrier  reofs, 

I  shall  cite  the  passan^c  referred  to,  as  publisliod  by  me  in  1831  ; — "It 
is  a  reiuiu-kxible  circuuihtance  that  there  should  be  so  vast  an  area  in 
Ewtem  Oceanica,  studded  with  minute  islands,  without  one  single  spot 
wheie  tbera  u  a  wider  eactent  of  land  tbm  belongs  to  such  kkmdB  u 
Otahfiile,  Owbyliee,  and  a  few  otbera,  which  either  hare  been  or  are  stiH 
the  sealB  of  active  Toloaiioea.  If  an  eqmlibritim  oiUf  were  maintaiDed  be- 
tween the  npheavitiir  and  depressing  force  of  earthquakesi  huge  idandi 
would  very  soon  be  formed  in  the  Pacific;  for,  in  that  case,  the  growth 
of  limeiitone,  the  flowing  of  lava,  and  the  ejection  of  volcanic  ashee;  would 
oombino  with  the  upheavinir  force  to  fonn  n«  w  land. 

''Suppose  a  shoal.  000  miles  in  leiii^'th,  to  sink  fifleej  feet,  and  then  to 
remain  uuniove*!  for  a  thousand  years;  during  that  interval  the  growing 
coral  may  ^ain  approach  thu  burface.  Then  let  the  mass  be  re-elevated 
fifteen  feet,ao  that  the  original  reef  is  reatored  to  its  fonner  position!  in 
this  case,  the  new  eoral  fbnned  nnoe  the  first  anbsidenoe  wiU  constitnte 
an  ishind  600  miks  long.  An  analogous  sesnlt  would  have  occurred  if 
a  lava-current  fifteen  feet  thick  had  oveifiowed  the  submerged  reef.  The 
absence,  therefore,  of  more  extensive  trade  of  land  in  the  Pacific, 
seems  to  show  that  the  amount  of-  subsidence  by  earthqualces  exceeds, 
in  that  quarter  of  the  globe,  at  present,  the  elevation  due  to  the  same 
cause."*  * 

Another  prwf  also  of  subsidence  derived  from  (h'  sirui  tm-*  of  atolls, 
was  pointed  out  by  mo  in  the  following  passage  m  all  former  editions. 
"The  low  coral  islands  of  the  Pacific,"  says  Captain  Beechey,  "follow 
one  general  nde  in  having  their  windward  side  higher  and  more  perfect 
than  the  other.  At  Gambia  and  Matilda  islands  this  inequality  is  very 
oonspiooous,  the  weather  side  of  both  being  wooded,  and  of  the  fonner 
inhabited,  while  the  other  sides  are  from  twenty  to  thirty  feet  under 
.water;  where,  however,  they  may  be  perceived  to  be  equally  narrow  and 
well  defined.  It  is  on  the  leeward  side  also  that  ihc  entrances  into  the 
Jligo^n*(  rw^enr:  and  although  thev  rnny  sometimes  be  situated  on  a  side 
that  runs  m  tiie  direction  of  the  wind,  as  at  Bow  Island,  yet  there  arc 
none  to  windward."  These  oljsrrvations  of  Captain  Beechey  accord  w  ith 
those  which  Captain  Horsburgh  and  other  hydrographers  have  made  in 
regard  to  the  coral  islands  of  other  seaSi  From  this  fertnnate  ciicum- 
stanoe  diipa  can  enter  and  sail  oat  widi  ease;  wheress  if  the  nanow  in- 
leti  were  to  windward,  vessels  which  once  entered  might  not  succeed  for 
months  in  msldiig  their  way  out  again.  The  well-known  security  of 
many  cf  these  harbois  depends  entirely  on  this  fortunate  peeuliaiitjr  in 
their  stmctare. 

"  In  what  manner  is  this  singular  conformation  to  be  accounted  for  ? 
The  action  of  the  waves  is  seen  to  be  iie  cause  of  the  superior  elevation 

•  See  PriadplM  of  Geology,  latedii,  vol  iL  p.  296. 
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of  some  rcefe  on  their  windward  sides,  where  sand  and  large  niawes  ot 
coral  rock  are  thruwu  uj>  by  the  bn;akcrs ;  but  there  is  a  variety  of  ca^cs 
where  this  cauw*  alone  is  inadequate  to  sulve  tiie  problem ;  for  reets  sub- 
merged at  cou&idcrublu  dvplhs,  where  the  uioveuieuls  of  the  6ea  cannot 
exert  much  power,  Iiave,  De?ert]iele8B|  Uie  Mine  omJutiuatioii,  ibe  W 
waid  being  much  lower  than  the  windward  tide.* 

**  I  am  informed  fay  Gaptain  King^  that,  on  enuniBing  the  xee6  caDed 
Ron)sf  Sboal%  which  lie  off  the  noith-west  oooat  oC  Aoalnlia,  when  the 
4HHt  and  wert  monsoons  prevail  alternately,  he  found  the  open  side  of  one 
oresoentrehapd  reef,  the  Imp^rieuse,  tnmod  to  the  east,  and  of  anoih^, 
the  Mermaid,  turned  to  the  west ;  while  a  third  oval  reef,  of  the  same 
group,  was  entirely  snbniej^l.  This  want  of  conformity  is  exactly  what 
we  should  exf^ect,  wliere  the  winds  vary  p^  riolieally. 

"It  "iecnis  impossible  to  refer  the  jilienonienon  iiuw  under  consideration 
to  any  ongiiiai  uniformity  iu  the  cvntigurution  of  submarine  \  olcaooes,  on 
the  summits  of  which  we  may  suppose  the  ami  leeCl  to  grow ;  for  al- 
thoogh  it  isTetyoommon  for  cmteis  to  be  brdwn  down  om  one  ade 
onlf  ,  we  cannot  imagine  any  eauae  that  ahotdd  breach  them  aQ  in  the 
lame  direction.  But  the  difficulty  will,  perhaps,  be  remored,  if  w«  cdl 
in  another  pert  of  the  volcanic  agency — subsidei;  ■  \-y  earthqaak<^ 
Snppoee  the  windward  barrier  to  have  been  raieed  by  the  lueehanical 
action  of  the  waves  to  the  height  of  two  or  three  yards  above  the  w:dl 
on  the  lee\v;\rd  side,  and  then  the  whole  island  to  .sink  down  a  lew 
fathoms,  the  appt-araniMs  4l*'scril>ed  would  then  be  pre»<  ntod  by  the 
submerged  r»»ef.  A  r.'j»etitii»n  of  surli  opi  ration«i,  by  the  allt  ruate  eleva- 
tion and  depression  of  the  game  uia&i  (an  hypothe^ib  strictly  conformable 
to  analogy),  might  produce  still  greater  inequality  in  the  two  sides, 
especially  aa  the  violent  efflux  of  the  tide  has  proiiably  a  strong  ten- 
den<^  to  check  the  acenmolation  of  the  more  tender  oonds  on  the  lee* 
ward  Ksef;  while  the  action  of  the  breaken  oontribntea  to  raise  the 
windward  barrier.**! 

Previously  to  my  adverting  to  the  signs  above  enumerated  of  a  down- 
ward movement  in  tlie  bed  of  the  ocean,  Dr.  MacCulloch,  Captsdn 
Beorher,  and  many  other  writers,  had  sliowfi  that  masses  of  recr-nt  cor^ 
had  Ix'cu  laid  dry  at  various  heic^hts  above  th.'  soa-level,  both  in  tlie  Red 
*  Sea,  the  ihlaii<ls  of  the  Paeitic,  and  iu  the  East  and  West  Indies.  After 
dcjicribing  thirty-two  coral  islands  iu  the  Pacific,  Captain  Beechey  men- 
tioned that  they  were  all  formed  of  living  coral  except  one,  which,  although 
of  anal  foimation,  was  raised  about  seventy  or  eighty  feet  above 
level  of  the  sea,  and  waa  encompassed  by  a  reef  of  living  oorsL   It  Is 
called  Elisabeth  or  Hendenon's  Idand,  and  is  five  miles  in  length  by  one 
in  breadth.  It  has  a  flat  surface,  and,  on  all  sides,  eso^  the  north,  is 
bounded  by  perpendicular  diffii  about  fifty  feci  high,  composed  entir^f 
of  dead  oonU,  more  or  less  povous,  honey-combed  at  the  auifine^  nod  bar* 

*  Yoy.iL' •  tr  tlic  Pacific,  Ac,  p.  189. 

f  B«e  Principles  of  Geology,  l«t  ed^  183^  vol  ii.  p.  29S. 


Digitized  by  Google 


OP  COBAL  ISLANDS. 


789 


doning"  into  a  oouipaet  calcareous  mass,  which  po<j=!^co^  tho  fricture 
of  secondary  liirit.'stt,»iie,  aiid  has  a  NjHjrics  of  millepore  ink'rsperse<l  through 
it  These  cliffs  are  considerably  uudcrinined  by  the  action  of  tho  waves, 
and  some  of  th^m  appear  on  the  eve  of  precipitating  their  Euperincum- 


EKMbetIs  «r  HradatMa'k  Muni. 


bent  weight  into  the  sea.  Those  wliich  are  le^is  iiijuied  in  thLs  way  pre- 
flent  no  alternate  ridgea  or  indieatiou  of  the  different  levels  which  the  sea 
might  have  occupied  at  different  periods ;  but  a  smooth  suHace,  as  if  the 
island,  which  has  probabljr  been  nused  by  volcanic  agencrjr,  had  been 
forced  up  by  one  great  subterraneous  connilrion.*  At  the  distance  of  a 
few  hundred  yards  from  this  island,  no  bottom  could  be  gained  with 
200  fathoms  of  line. 

It  will  be  seen,  from  the  annf^xotl  .sketch,  communicated  to  me  by 
Licutctmut  Smith,  of  the  Blossom,  that  the  trees  came  down  to  tho  beach 
towards  the  wntre  of  the  island ;  a  break  at  first  sii^ht  rc-cinbling  tho 
openings  which  usually  lead  into  lagoons  ;  but  tlio  trees  stand  on  a  steep 
slope,  and  no  hollow  of  an  ancient  lagoon  w^as  perceived. 

Beechey  also  xemarhB^  that  the  sm&oe  of  Hendeiaon^s  Island  is  fiat^ 
and  that  in  Queen  Chariotte's  Island,  one  of  the  same  groups  but  nnder 
water,  thaw  was  no  higoon,  the  coral  having  grown  up  everywhere  to 
one  levd.  Tlie  probable  cause  of  this  obliteration  of  .the  central  basin 
or  lagoon  will  be  considered  in  the  sequel 

That  tlie  bed  uf  tin'  Pacific  and  Indian  oceans,  whore  atolls  arc  frequent, 
must  liavo  bt*n  sinking  for  ajjc;?,  mifjlit  be  infcrn  !,  -ays  Mr.  Darwin, 
from  siiiijily  reflecting  on  two  tacts  ;  first,  that  the  cllieieiit  coral-building 
zoophytes  do  not  tlourish  iu  the  ocean  at  a  greater  depth  than  1^:0  feet; 
and,  secondly,  that  there  are  spaces  occupying  areas  of  many  hundred  thou- 
sand square  miles,  where  all  the  isbnds  consist  of  cotal,  and  yet  none 
of  which  rise  to  a  greater  h^ght  than  may  be  accounted  for  by  the  ac- 
tion of  the  winds  and  waves  on  broken  and  triturated  coral  Were  we 
to  take  for  granted  that  the  floor  of  the  ocean  had  r<'iual tied  stationary 
from  the  time  when  the  coral  began  to  grow,  we  should  be  coinjielled  to  • 
assume  that  an  incredible  number  of  submarine  Tnountains  of  vast  height 
(for  the,  ocean  is  always  deep,  and  often  unfathomable  between  the  dif- 
ferent atolb)  had  all  come  to  witliin  120  feet  o(  the  surface,  and  y»'t  no 
one  mountain  had  risen  above  water.  But  no  sooner  do  we  admit  the 
theory  of  subsidence,  than  this  great  diiiiculty  vanishes.  However 
vazied  may  have  been  the  altitude  of  different  islands,  or  the  separate 
pcflikB  of  particular  mountain-chains^  all  may  have  been  reduced  to  one 
uniform  level  by  the  gradual  submeigenoe  oi  the  loftiest  points,  and  the 
additions  made  to  the  calcareous  cappings  of  the  len  elevated  summila 
la  they  subsided  to  great  depths^ 

•  Beechej'a  Voyage  to  the  Pacilic,  dtc,  p.  46. 
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Openings  into  iht  kigooM. — ^In  the  general  deSGtiptioa  of  atolii  mA 
encudiog  veeft»  it  was  mentioned  tluit  there  is  almost  always  n  deepll•l^ 
row  passage  opening  into  tlie  law>on,  or  into  the  still  water  between  th» 
reef  nnd  the  shore^  which  is  kept  op^  by  the  efflux  <^  the  aea  at  the 

Ude  goes  down. 

The  origin  ot  this  channel  must,  according  to  the  theory  of  sul»riidenc« 
before  explained,  be  traced  back  to  causes  which  were  in  action  during 
the  existence  of  the  encircling  reef,  and  whw  an  island  or  motmtam-top 
roae  vithin  it»  kit  sneh  a  leef  preoed«  too  atoU  in  dio  oider  of  lamMc  . 
tioD.  Kow  in  tlioM  idandt  in  the  Pacific,  irhidli  an  large  cnom^  to 
feed  onall  riven,  then  it  goMially  an  opening  or  ohannel  in  the  inr- 
rounding  coral  rtcf  at  the  point  where  the  stream  of  fieth  wa(«T  enten 
the  sea.  The  depth  of  these  channels  rarely  exceeds  twenty-fire  £90t; 
and  thev  inav  be  attributed,  says  rViptnin  Beechey,  to  the  aver<iion  of 
the  litlK»phvt«'s  to  f'n  sb  water,  an  l  t  n  liie  ])robable  abecnce  of  the  mineral 
matter  of  which  they  construct  tin  it  liabitation?.* 

Mr.  Durwin,  however,  has  .sliowii,  that  mud  at  the  bottr-in  of  river- 
courses  is  i^T  more  influential  than  the  freshness  of  the  water  in  pre- 
venting the  growlii  of  the  polypi,  for  the  waUa  which  indoae  the  open- 
ings are  perpendicalar,  and  do  not  slant  off  gradnally,  aa  would  be  tlie 
caae^  if  die  nature  of  the  element  presented  the  only  obstacle  to  the 
increase  of  the  coral-building  animals. 

When  a  breach  has  thus  been  made  in  the  reef,  it  will  l>o  j>ro\  t-ntcd 
from  closing  up  by  the  efflux  of  the  !^  at  low  tides;  for  it  is  suffiiaent 
that  a  reef  sliould  rise  a  few  ft  et  above  low-water  mark  to  cause  the 
waters  to  collect  in  the  lagoon  at  high  ti*lo,  and  when  the  sea  falls,  to 
rush  out  at  one  or  more  points  where  the  reel  happ^  ri^  to  \m-  lowtst  or 
weakest.  This  event  is  strictly  anal*>gous  to  that  witn»  sj><'d  in  our  estua- 
ries, where  a  body  of  salt  water  accumulated  during  the  flow  issues  with 
great  velocily  at  the  ebb  of  tlie  tide,  and  soonia  out  or  keeps  open  a  deep 
passage  througb  the  bar,  which  is  almost  always  formed  at  the  mootb  of 
a  river.  At  fiist  there  are  probably  many  opemngg^  but  die  growtli  o( 
the  coral  tends  to  obstruct  all  those  which  do  not  serve  as  the  principal 
channels  of  discharge ;  so  that  their  number  is  gradually  redmied  to  a 
few,  and  often  finally  to  one.  The  fact  observed  universally,  that  the 
princi]ial  openint^  fronts  a  considerable  valley  in  the  encircled  island,  be- 
tween the  shore*  of  which  and  the  <:»uter  reef  there  is  often  deep  water, 
scarcely  leaves  any  doul)t  a.s  to  the  real  ori^n  of  the  chamiel  in  all  those 
countless  atolls  where  the  nucleus  of  land  has  \  anish»'<l, 

8itt  ^  aiollt  and  barrier  reefi, — In  regard  to  the  dimensions  of 
atolls,  it  was  stated  that  some  of  the  amallert  observed  by  Beechey  in 
the  Pacific  were  only  a  mile  in  diameter.  IT  their  external  slope  under 
water  equals  upon  an  average  an  angle  of  46^,  then  would  sucH  an  atoD 
at  the  depth  of  half  a  mile,  or  2940  feet,  have  a  diametar  of  two  nulea 
Hence  it  would  ai^>ear  that  there  must  be  a  tendency  in  evety  atoU  te 

*  Voyage  to  th«  Paoific^  Aol,  pi.  IM. 
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grow  smaller,  except  in  those  cases  where  oscillations  of  level  enlarge  the 
bnH(}  on  which  the  coral  grows  by  throwing  down  a  talu»  of  detrital 
matier  all  round  tho  orijopnal  cone  of  limestone. 

Bow  Island  is  described  by  Captain  Beechey  as  seventy  miles  in  cir 
coinfercnce,  and  thir^  ia  its  greatest  diameter,  but  wo  have  seen  Uiat 
somo  of  the  Maldives  are  mtich  larger. 

Aft  the  ahora  of  am  ielaad  or  oontinent  which  is  sabading  will  reeedo  from 
a  oonX  reef  it  a  alow  or  nq>id  rate  accordmg  as  the  siufiMS  of  the  hmd 
has  a  steep  or  gcntio  slope,  we  cannot  measure  the  thickneas  of  the  coral 
by  its  distance  from  the  coast ;  yet,  as  a  general  rule,  those  reefe  which 
are  farthest  from  tho  land  Imply  the  greatest  amount  of  sul-sidence.  We 
lenrn  from  Flinders,  that  the  harrier  reef  of  north -«sh stern  AustraHa  is  in 
^jum  }»lace8  seventy  miles  from  the  mainlaad,  and  it  should  seem  that  a 
calcareous  formation  is  there  in  progn-ss  1000  miles  long  from  north  to 
south,  with  a  breadth  varying  from  twenty  to  seventy  niiles.  It  may  not, 
indeed,  be  oontinuous  over  thii  vast  area,  for  doubtless  innumetable  isUoids 
hare  been  submeiged  one  after  another  between  the  reef  and  mainhmd, 
.  like  some  whieh  still  remaiUf  as,  for  example,  MnrrayV  Idands,  lat  9^ 
54'  S.  We  are  also  told  that  some  parts  of  the  gulf  inclosed  within  a 
barrier  are  400  feet  deep,  so  that  tlie  efBcient  rock-buikiing  corab  cannot 
bo  growing  ihere^  and  in  other  parts  of  it  isUnds  appear  encircled  by 
reefe. 

It  will  follow  m  one  of  the  consequences  of  the  tlteory  already  explain- 
ed that,  provided  the  bottom  of  the  sea  d<X'S  not  sink  too  fu^st  to  allow 
the  zoophytes  to  build  upwards  at  the  same  pac«,  the  thickness  of  cond 
will  he  great  in  proportion  to  the  rapidity  of  snbddenoe^  so  that  if  one 
area  sinks  two  feet  while  another  sinks  one,  the  maas  of  coral  in  the  first 
area  will  be  double  that  in  the  second.  Bnt  .the  downward  movement 
must  in  geumH  have  been  veiy  dow  and  uniform,  or  where  intermittent, 
most  have  consisted  of  a  great  niimber  of  depressions,  eaoh  of  slight  - 
amount,  otherwise  the  bottom  of  the  sea  would  have  been  carried  down 
faster  than  the  corals  could  build  upwards,  nnd  the  island  or  continent 
would  be  jK  rmanently  submerged,  havintj  reached  a  depth  of  120  or  160 
feet,  at  which  the  eflective  reef-constructini(  z<x»phytes  cease  to  live.  If^ 
then,  the  subsidence  required  to  account  for  all  the  existing  atolls  must 
have  amounted  to  three  or  four  thousand  feet,  or  even  sometimes  mora, 
we  are  bronght  to  the  coadhuaon  that  theve  has  been  a  slow  and  gradnal 
sinking  to  thb  enormous  extent  Such  an  inference  is  perfectly  in  bar* 
nonyVith  views  which  the  grand  scale  of  dwndation,  everywhere 
observable  in  the  older  rocks,  has  led  geologists  to  adopt  in  reference  to 
upward  movements.  They  must  also  have  been  gradual  and  continuous 
throughout  indefinite  ages  to  allow  the  waves  and  currents  of  the  ocean, 
to  operate  with  ailcrjuate  power. 

The  map  coiisir noted  by  Mr.  Darwin  to  display  at  one  view  the  geo- 
graphical position  of  all  tlie  coral  reefs  throughout  the  globe  is  of  the 
hi^best  geelogical  interest  (see  above,  p.  S61.X  leading  to  ^lendid 
ganeialixations^  when  we  have  onoe  embiaoed  the  theory  that  all  atolls 
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and  barrier  rwfn  indicate  recent  subeitioiico,  wliilo  the  pnwnce  c»f  fringing 
reefs  provts  tlie  ]an<l  to  be  stationar}'  or  risincf,  Thost?  two  classes  of 
coral  fonnations  an'  d<  j)ift«'d  by  different  colui>;  and  one  of  tl)e  strikinj* 
tkcts  brought  to  light  by  the  baiiic  classificatiou  of  coral  foruiatJout»  id  ths 
absence  of  active  volcanoes  in  the  aieas  of  salmdeiioe,  and  their  htitfuat 
pnseoce  in  the  areas  of  deration.  Hie  only  supposed  exoeplioii  to  thii 
mnarbible  ooinddenoe  at  the  tune  when  Mr.  Darwin  wrote,  in  184S,  was 
the  volcano  of  Tones  Strait,  at  the  northern  point  of  Australia,  placed  on 
tho  lK)r  lers  of  an  area  of  subsidence ;  bat  it  has  been  sinoe  proved  that 
this  volcabo  has  no  existence. 

Wo  see,  therefore,  an  evident  connection,  tir.-^t,  between  the  bursting 
forth  every  now  nnA  tlu  n  of  volcanie  matter' thro n<:;b  rents  and  fissures, 
and  the  e.\iian>iou  or  tnrcinix  outwards  of  the  eartij  .s  crust,  and.  see* ^ndlr, 
between  a  dormant  and  Icjjs  cuergetic  development  of  subterran-  an  heat, 
and  an  amount  of  subttdenco  sufficiently  great  to  cause  mountains  to 
disappear  over  the  broad  fsoe  of  the  ooean,  leaving  onlj  sdsU  and 
scattered  lagoon  ishmds,  or  groups  of  atoUs,  to  indicate  the  q»ols  where 
thoae  monntainB  once  stood. 

On  a  review  of  the  differentlj^oolored  rei  fs  on  tlie  map  alluded  to,  it 
will  be  seen  that  tbwe  are  Inrn^  4*Boes  in  wliicli  upheaval,  and  others  in 
which  depression  prevails,  and  these  are  placed  alternately,  while  there 
are  a  few  smaller  areas  Avhero  movements  of  oscillation  occur.  Thus  if 
we  eorameuee  with  the  western  shores  of  S<">uf)i  Am*'ri<  a.  l>etwe«-n  the 
:>unHuit  of  the  Andes  and  the  Paeific  (a  reifiou  d  eartliquakes  and  active 
volcanoes),  we  find  signs  of  recent  elevation,  not  attested  indeed  by  coral 
fonnationSi  which  are  wanting  there,  but  by  upraised  bsnks  marine 
shells.  Then  proceeding  westward,  we  travene  a  deep  ooean  without 
iidands,  until  we  come  to  a  band  of  alof^and  encircled  ishinds,  indnding 
the  Dangerous  and  Sodety  archipelagoes^  and  constituting  an  area  of  sub- 
sidence more  than  4000  miles  long  and  600  broad.  Still  farther,  in  tiie 
same  direction,  we  reach  the  chain  of  islands  to  which  the  New  Hebrides, 
Saloinon,  and  New  Ireland  belong-,  where  frin^ncf  reefe  and  masses  of 
elevated  roral  indicate  another  area  of  upheaval.  Ai,'ain,  to  tlie  westward 
of  the  New  Uebrides  we  meet  w  ith  the  enrirelini;  reef  of  New  OaWonia 
and  tlie  great  Austrahau  barrier,  implying  a  second  area  of  subsi- 
dence. 

The  only  objection  desiring  attoition  which  haa  hitherto  been 
advanced  against  the  theory  of  atoUs^  as  befora  esplamed  (p.  769.),  is 
that  proposed  by  Mr.  Madaien.*  **Qn  the  ontiide,**  he  observes, 

C4)ral  reefs  very  highly  inclined,  no  bottom  IS  sometimes  found  w  ith  aHne 
of  2000  or  3000  feet,  and  this  is  by  no  means  a  rare  case.  It  foUows 
that  the  reef  ought  to  have  this  thickness ;  and  Mr.  Darw  in*s  diagranu 

show  that  hi-  undi-r-^tood  it  so.  Now.  if  such  ra.'isses  of  coral  exist  under 
the  sea,  tluy  oui,dii  somewhere  to  be  fomid  on  terra  firma  ;  for  there  i* 
svideuco  tliat  all  tho  landb  jet  visited  by  geoiugista,  have  been  at  on« 

*  Scotsman,  Nov.  1842,  and  Jameson'e  Edin.  Joam.  of  Science,  1643. 
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time  submorgixi.    But  neither  in  tho  rrrrnf  ^•f»lcanic  cliain,  cxtotiding 
from  Sumatra  to  Japan,  nor  in  the  West  Intlies,  nor  in  any  other  region 
yet  explored,  has  a  bod  or  t'orniation  of  coral  even  500  feet  thick  been  . 
discovered,  ao  far  ^  we  know.^ 

Wlien  coiiiid«fuig  dus  oljediaii,  it  is  evident  that  the  fint  question 
we  have  to  deal  viUi whether  geologists  hmre  not  already  disoovered 
calcareotis  maaies'of  the  reqniied  thiclmew  and  structore,  or  precisely 
such  as  the  npheaval  of  atoDs  might  be  expected  to  expose  to  viewf 
.We  are  called  upon,  in  short,  to  make  up  our  minds  bothf  as  to  the  inter* 
nal  composition  of  the  rocks  that  must  r^ult  fr<>ni  the  growth  of  corals, 
whetlier  in  lagoon  islands  or  barrier  reef?,  nn/I  tlio  oxt.  rnnl  shape  which 
the  reefs  would  rotain  when  upraisod  gradually  to  a  vast  hotght, — a  task 
l>y  no  moans  w  easy  as  some  may  imagine.  If  the  reador  lias  pictured 
to  liiuiself  largo  masses  of  entire  corals,  piled  one  upon  another,  for  a 
thickness  of  several  thousand  feet,  he  unquestionably  mistakes  altogetlicr 
the  nature  of  the  aooamulations  now  in  progreu.  In  the  first  place,  the 
stmta  at  present  forming  Tery  extensively  over  the  hott(»n  of  tiie  ocesn, 
within  sQch  hairier  leeb  as  those  of  Australia  and  New  Caledonia,  are 
known  to  consist  chiefly  of  horiaontal  layers  of  calcareous  sediment, 
while  here  and  there  an  intermixture  must  occur  <rf  the  d<  tritus  of  gr.i- 
nitic  and  other  rocks  brought  down  by  rivers  from  the  adjoinin;^  lands, 
•  or  washed  from  sea-cliffs  by'the  waves  and  cnrrents.  Secondlv,  in  regard 
to  atolls,  the  stone-making  polypift-rs  grow  most  luxuriantly  on  the 
outer  edge  of  the  island,  to  a  tJiicknoss  of  a  few  fe<'t  only.  B«*vond  this 
margin  broken  pieco  of  coral  and  calcareous  saiul  are  strewed  by  the 
breakers  over  a  steep  seaward  slope,  and  as  the  subsidence  continue  the 
next  ooafing  of  live  coral  does  not  grow  vertically  over  the  first  layer, 
hut  on  a  narrow  annular  space  within  it»  the  ree^  as  was  before  stated 
(p.  961),  constantly  contmcting  its  dimensions  as  it  sinks.  Thirdly, 
within  the  lagwn  the  accumulation  of  calcareous  matter  h  chiefly  sedi- 
mmitaiy,  a  kind  of  chalky  mud  derived  iirom  the  decay  of  the  softer 
comlHnef,  with  a  mixture  of  calcareous  sand  swept  l)y  llio  winds  and 
waves  from  the  surrounding  circular  reef,  llero  and  ilu  lo,  but  only  in 
partial  clumpe,  are  found  living  corals,  which  grow  in  the  middle  of  the 
lagoon,  and  mixed  with  fine  mud  and  sand,  a  great  variety  of  shells,  and 
fragments  of  testacea  and  echiuoderms. 

We  owe  to  Lieutenant  Nelson  tiie  discovery  that  in  (he  Bermudas  the 
calcareous  mod  resulting  fnm  the  decomposition  of  the  softer  corsllines 
is  ahsolutelyjnndistinguishable  when  dried  from  the  ordinary  white  chalk 
<^  Europe,*  and  this  mud  is  carried  to  great  distances  by  carrenti,  and 
Spresd  fiir  and  wide  over  the  floor  of  the  ocean.  We  also  have  oppoitu- 
nities  of  seeing  in  upraised  atolls,  such  as  Elizabeth  Island,  Tonga,  and 
IT.ipai,  which  rise  alxno  the  h^vel  of  the  sea  to  heights  var}ing  from  ten 
to  eighty  feet,  that  the  rock**  of  which  they  consist  do  not  differ  in 
structure  or  in  the  state  of  preservation  of  their  included  zoophytes  and 
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shells  (rom  mnui  of  tho  olde^^t  limestones  known  to  the  geolo^t.  Cap- 
tion Beechey  remarks  that  the  dead  coral  in  Elizabeth  Island  is  monf  or 
less  porous  and  honeycombed  at  tho  surfaca,  and  hardeniug  into  a  com 
pact  rock  which  has  the  fracture  of  tecandary  limestone.  * 
The  idaad  of  Polo  Kiat|  off  Sunute  (tee  Map,  %  39.  p.  851),  wbii^ 
'  is  about  9000  &et  high,  is  described  by' Dr.  ledc  is  beiiig  ovenpreed  hf 
ooral  and  laige  aheUs  of  the  Chama  {Triiama)  j/tfat,  wliich  rest  on 
qnartiQse  and  arenaceous  rodb,  at  Yanom  levels  from  the  sespooast  to 
the  summit  of  the  highest  hills. 

Tho  clifTs  of  tliti  island  of  Timor  in  the  Indian  Ocean  are  composed, 
says  Mr.  Jukes,  of  a  raised  ooral  reef  abounding  in  Astrcea,  Meemdrina^ 
and  Porites,  Nvith  shells  of  Strombus,  Ccmus,  XeritOy  Area,  Pecfen^ 
Vmius,  and  Lucina.  On  a  ledg-e  about  150  feet  above  tlie  s<^a,  a  Tri- 
dacna  (or  largo  claui  sLcli),  two  ft-et  across,  was  found  budded  in  the 
rock  with  dosed  valves,  just  as  they  are  often  seen  in  barrier  reefik  TUs 
fonnatioii  in  the  isbuids  of  Sandlewood,  Sumbawa,  Madura,  and  Java, 
whsie  it  is  exposed  in  sea  diffi,  was  found  to  be  from  200  to  300  ISaet 
thick^  and  is  bdieved  to  ascend  to  mnch  greater  heights  in  the  interior. 
It  has  usually  tho  form  of  a  ^ chalk-like*'  ro<k,  wlute  when,  broken,  bat 
in  the  weathered  surface  taming  nearly  black,  f 

It  appears,  therefore,  premature  to  assert  that  there  are  no  recent  ooral 
formations  iijilifted  to  great  heights,  for  we  are  only  beginning  to  be  • 
acquuinti'd  uith  the  geological  structure  of  the  rocks  of  o^uaturial 
regions.  Some  of  the  upraised  Ljlauds,  such  as  Eiizalx-th  aud  Quet-n 
Charlolt*;,  in  tho  I'acitic,  although  placed  in  regions  uf  atolls,  are  » 
described  by  Captain  Beechey  and  others  as  fiat-topped,  and  e.xhibiting 
no  traces  of  lagoons.  In  explanataon  of  the  fius^  we  may  prcsome  that 
after  the^  had  been  sinking  fi>r  ages,  the  descending  movement  was 
rdaxed;  and  while  it  was  in  the  coarse  of  being  converted  Into  an 
ascending  one,  the  ground  remained  for  a  long  season  almost  statiomttj, 
in  which  cxse  the  corals  within  the  lagoon  would  build  np  to  the  sur&oe, 
and  reach  tU^  level  already  attained  by  those  on  the  margin  of  the  reef. 
In  this  manner  the  iagpon  would  be  efiaoed,  and  the  island  acquire  a 
flat  summit 

It  may,  however,  be  ihuught  strange  that  mau^  ex;inij)lcs  have  not 
been  noticed  of  fringing  reels  uplifted  above  the  lev  d  of  the  sox  Mr. 
Oarwin,  indeed,  cites  one  instance  where  the  reef  presen  ed,  on  dry  kud 
in  the  Mauritius,  its  peculiar  moat-like  structure;  but  they  ought,  he  says, 
to  beef  rare  occurrence^  kit  in  the  caseof  aldlsor  of  barrier  or  fringing 
reefi,  the  characteristic  outline  mast  usually  be  destroyed  by  denndatioii 
as  soon  as  a  reef  begins  to  rise ;  since  it  is  immediately  exposed  to  the 
action  of  the  breakers,  and  the  large  and  conspicuous  corals  on  tho  outer 
rim  of  the  atoll  or  barrier  are  tlie  first  to  be  destroyed  and  U>  fall  to  the 
bottom  of  vertical  and  undermined  elide.   After  slow  and  oontinned 

•  Beechoy'ii  Vuyage,  vuL  L  p.  4Sii 
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upheaval  a  wreck  alone  can  remain  of  the  original  reef.  Uietefoie, 
•ajsMr.  Darwin,  '^at  some  period  as  far  in  futurity  as  the  secondaiy 

rocks  are  in  the  past,  the  bed  of  the  Pacific  with  its  atolls  and  barrier 
reefs  slionM  be  conTorted  into  a  continent,  we  may  conceive  that  scarcely 
any  or  none  of  tlie  existing  ie<'fs  would  h-  preserved,  but  only  widely 
spread  strata  of  calcareous  matter  derived  from  their  wear  and  tear.*** 

When  it  i^  urged  in  support  of  the  objection  before  stated  {p.  7(ii), 
that  the  themy  of  atolls  by  subsidence  impliee  the  aocnmulation  of  cal* 
eaieoua  fonnatione  2000  or  3000  ieei  fhick,  it  must  be  conceded  that 
thia  estimate  of  the  minimnm  density  of  Uie  deposits  is  by  no  means 
estaggented.  On  the  contiary,  irhen  we  consider  that  the  space  over 
which  atolls  are  scattered  in  PoJ^nesiA  and  the  Indian  oceans  may  be 
compared  to  the  whole  <x>ntinent  of  Asia,  we  cannot  but  infer  from 
analogy  that  the  differences  in  levi  l  in  so  vast  an  area  have  amounted, 
antecc-dently  to  FsuUsidcnce,  to  5000  or  evt-n  a  greater  numlxT  of  feet, 
Wiiatcver  was  the  difference  in  height  btttweeu  tlie  lot'ticst  and  lowest 
of  the  original  mountains  or  mountainous  islands  on  which  the  different 
Atolls  are  based,  that  difference  must  represent  the  thickness  of  coral 
which  has  now  reduced  all  of  them  to  oqe  level.  Flinden^  iheiefore,  by 
no  means  essggenfted  the  volume  of  the  limestone^  which  he  oonceired 
to  have  been  the  work  of  coral  ammab ;  he  was  menly  mistaken  as  to 
the  manner  in  i^ch  they  were  enabled  to  build  reefr  in  an  un&ihomed 
teean. 

Bnt  is  it  rea^na1>lii  to  expect,  after  the  waste  caused  by  denudation, 
that  cnl'vir^  onH  masses,  gradually  u]thtaved  in  nn  ojhmi  sea,  should  retain 
such  va.'^t  thu  kiu-.<Hf  s  I  Or  may  nut  the  limestones  of  the  cretaceous  and 
oolitic  e|K)chii,  which  attain  in  the  Alps  and  Pyrenees  a  density  of  8000 
or  4000  feet,  and  are  in  great  part  made  up  of  coralline  aud  shelly  matter, 
present  us  with  a  true  geological  coonteipart  of  the  recent  coral  reels  of 
equatorial  seast 

Befoire  we  attach  serious  importance  to  arguments  founded  on  negative 
evidence,  and  opposed  to  a  theory  which  ao  admirably  explains  a  great 

variety  of  complicated  phenomena,  we  ought  to  remember  that  the  up- 
heaval  to  the  height  of  4000  feet  of  atolls  in  which  the  coralline  lime- 
stone would  1)6  4000  feet  thick,  imv.lies,  first,  a  slow  subsidence  of  4000 
feet,  and,  .secondly,  an  elevation  ot  liie  sunie  amount.  Even  if  the  reverse 
or  ascending  movement  began  the  instant  the  dowiiwarJ  one  ceaftod,  we 
must  allow  a  great  lapse  ages  for  the  accompli;shment  of  the  whole 
operation.  We  must  also  assume  that  at  the  commenoemfent  of  the 
penod  in  question,  the  equatorial  regions  were  as  fitted  as  now  for  the 
support  of  reef-buiUing  aoophytes.  This  postulate  would  demand  the 
oontinuanco  of  a  oomplicated  variety  of  conditions  throughout  a  much 
longer  period  than  they  are  usually  po'ustent  in  one  place. 

To  show  the  difficulty  of  speculating  on  the  permauenoe  of  the  gco 
graphical  and  cUmatal  circumstances  requisite  for  the  growth  of  ree& 

*  Lett«r  to  Mr.  MacUreo,  idootsmau,  1848. 
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building  corals,  we  have  only  to  state  the  fact  Uiai  there  are  no  reefs  in 
the  Atlantic,  oft'  the  west  coast  of  Africa,  nor  among  the  islands  o(  th€ 
Gulf  of  Guinea,  nor  in  St.  Helena,  Ascension,  tlie  Cape  Venles,  or  St. 
Paurs.  With  tlie  exception  of  Bermuda,  there  is  not  a  ."-ingle  coral  reet 
in  the  central  expanse  of  the  Atlantic,  although  in  some  parts  the  waves, 
'M  at  jiVsceixsion,  are  changed  to  excess  with  calcareous  matter.  Thii  capri- 
dous  dktributioii  of  conl  ree6  is  probably  owin^  to  the  sbeenoe  of  fit 
stations  for  the  reef-bnilding  poljpifers,  other  organic  beings  in  those  re> 
gkns  obtaining  in  the  great  stmggle  for  esifltenoe  a  mastety  over  them. 
Their  absence^  in  whatever  manner  it  be  aoooimted  for,  sfaoald  put  nt  on 
our  guard  against  expecting  npraised  leefe  at  all  former  geological  epodiS) 
stmilar  to  those  now  in  progress. 

Lime,  whence  derlvrd. — Dr.  Maculloch,  in  his  sptem  of  Geology,  voL 
i.  p.  219,  expressed  him.s  lf  in  favor  of  the  tlieor}'  of  some  of  the  earlier 
geologists,  tliat  all  linu  stones  have  originat«xl  in  organized  sul^stnnces. 
If  we  examine,  he  says,  the  quantity  of  limestone  iti  the  j)rimary  strata, 
it  will  bo  found  to  bear  a  much  smaller  projKjrtion  to  the  mUcvous  and 
aigillaceous  rocks  than  in  the  secondary ;  and  this  may  have  some  con- 
nexion with  the  rarity  of  testaceons  animals  in  the  ancient  ocean.  He 
forther  infi»s,  that  in  consequence  of  the  operations  of  animahs  ''the 
quantity  of  odoareons  earth  deposited  in  the  fonn  of  mnd  or  stone  is 
always  increasing;  and  that  as  the  secondary  series  far  exc4>e«ls  Uie  pri- 
maiy  in  this  respecti  so  a  third  series  may  hereafter  arise  from  the  depths  of 
the  sea,  which  may  exceed  the  hust  in  the  proix>rtion  of  its  calcareous  strata.'' 

K  these  propositions  went  no  farther  than  to  sugg.-st  that  •  very  parti- 
cle of  lime  that  now  enters  into  the  crust  of  tlu-  gloU^,  ma\-  j>ossibly  in 
its  turn  have  h.  <«ii  suWrvit-nt  to  the  purposes  of  lit'-',  by  entering  into 
tlic  comjKXsition  of  organized  bodies,  I  should  not  deem  the  sjK'Culation 
improbable ;  but,  when  it  is  hinted  that  lime  may  be  an  animal  product 
combined  by  the  powm  of  vitality  from  qome  nmple  dementi^  I  can  die- 
cover  no  sufficient  grounds  for  such  an  hypothesis,  and  many  foda  mili* 
tato  against  it 

If  a  laige  pond  be  made  in  almost  any  soil,  and  filled  with  -rain  water, 
it  may  usually  become  tenanted  by  testacea ;  for  carbonate  of  lime  is 
almost  universally  diffused  in  small  quantities.  But  if  no  calcareous  mat- 
ter ha  supplied  by  waters  flowing  from  the  surrounding  high  grounds,  or 
by  spriniT',  no  tufa  or  shell-marl  are  formed.  The  thin  shells  of  one 
generntiini  of  niolhi-ks  decom|>ose,  so  that  their  elemt*nts  aftbrd  nutriment 
to  the  suce«'< ding  races;  and  it  is  only  where  a  stream  enters  a  late, 
which  may  introduce  a  fresh  supply  of  calcareous  matter,  or  where  the 
lake  is  fed  by  springs,  that  ahells  aocumnkte  and  form  mail 

AD  the  lakes  in  Foi&iahire  which  have  jHroduced  deposits  of  sheU-mail 
have  been  the  utes  of  springs^  which  still  evolve  much  carbonic  aoid,  and 
a  small  quantity  of  carbonate  of  lime^  But  there  is  no  marl  in  Loch 
Fithie,  near  Forfar,  where  there  are  no  springs,  althotig^  that  lake  is  sm^ 
rounded  by  these  calcareous  deposits,  and  altliough.  in  every  other  ro^eoti 
ihe  site  is  favorable  to  the  accumulation  of  aquatic  testacea. 
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We  find  tho^e  Chane  which  secrete  the  largest  quantity  of  calcareous 
matter  in  their  nf^  Tiss  to  abound  near  springs  impregnated  with  carbonate 
of  Kme.  We  know  tliat,  if  the  comuioa  hen  Uj  dei)riveJ  altoi^other  of 
calcareous  nutriment,  tho  bhelU  of  her  eggs  will  become  of  too  slight  a 
ooofliatoiicy  to  protect  the  contents ;  and  some  birds  eat  chalk  greedily 
during  the  breeding  Beaaon. 

Uf  on  the  other  hand,  we  turn  to  the  phenomena  of  inoiganic  natUie» 
we  obsene  that,  in  volcanic  countries^  there  ie  an  enonsons  etrdntion  of 
carbonic  acid,  either  free,  in  a  gaaeous  form,  or  mixed  with  water ;  and 
the  springs  of  such  districts  are  tisually  impregnated  with  carbonato  of 
lime  in  great  abundance.  No  one  who  has  travelled  in  Tuscany,  through 
the  region  of  extinct  volcanos  and  it.s  confines,  or  who  has  fieon  t!ie  Tuaj» 
constructed  by  Targioni  (182<),  to  sliuw  the  principal  sites  of  imuerat 
springs,  can  doubt,  for  a  moment,  that  if  Uiis  territory  was  submerged 
beneath  the  sea,  it  might  supply  materiaJs  for  the  most  extensive  coral 
ree6.  The  impoitanoe  cf  these  springs  is  not  to  be  estimated  by  the 
magnitude  of  the  rocks  which  they  have  thrown  down  on  the'  aUnting 
aides  of  hiUi|  ahhoqgh  of  these  alone  huge  cities  might  be  built^  nor  by 
a  coating  of  travertin  that  covers  the  soil  in  some  districts  for  miles  in 
length.  The  greattt  part  of  the  calcareous  matter  passes  down  in  a  state 
of  solution  to  the  sea,  and  in  all  countries  the  rivers  which  flow  from 
chalk  and  otlu  r  marly  and  calcareous  rocks  carry  down  vast  quantities  of 
lime 'into  (Ijo  (X-ean.  Lime  is  also  one  of  the  component  parts  of  augite 
and  uLlicr  volcanic  and  hyjxigene  minerals,  and  when  these  decompose  is 
set  free,  and  may  then  find  ilA  way  in  a  state  of  solution  to  the  sea. 

The  lime,  therefore,  contained  generally  in  aea  water,  and  seereted  aO 
plentifully  by  the  testaoea  and  oorala  of  the  Pacific,  may  have  been 
derived  either  from  qnings  ruing  up  in  the  bed  of  the  ocean,  or  from  nvecs 
,fed  by  calcareous  springs,  or  impregnated  with  lime  <lerived  from  disin- 
tegrated rocks,  both  volcanic  and  hypogene.  If  this  be  admitted,  the 
greater  proportion  of  limestone  in  the  more  mmlern  formations  as  com- 
pared to  the  most  ancient,  will  bo  explained,  for  springs  in  general  iiold 
no  argillaceous,  ani  but  a  small  quantity  of  siliceous  matter  in  solution, 
but  they  {ire  continually  subtracting  calcareous  matter  from  the  inferior 
rocks.  The  constant  transfer,  therefore,  of  carbonate  of  lime  from  the 
lower  or  older  portions  of  the  earth's  crust  to  the  sutfiuse^  must  cause  at 
all  periods  and  throughout  an  indefinite  snocession  of  geologicsl  epochs, 
a  preponderance  of  calcareous  matter  in  the  newer  as  contiaated  with  the 
older  formations. 


IHK  END. 


CONCLUDING  REMARKS. 


Is  the  concluding  chapters  of  the  first  book,  I  examined  in  detail  f 
great  variety  of  arguments  which  have  been  adduced  to  prove  the  dis- 
tinctness of  the  state  of  the  earth's  crust  at  remote  and  recent  epochs. 
Among  other  supposed  proofs  of  this  distinctness,  the  dearth  of  calca- 
reous matter,  in  the  ancient  rocks  above  adverted  to,  might  have  been 
considered.  But  it  would  have  been  endless  to  enumerate  all  the  objec- 
tions urged  against  those  geologists  who  represent  the  course  of  nature 
at  the  earliest  periods  as  resembling  in  all  essential  circumstances  the 
state  of  things  now  established.  We  have  seen  that,  in  opposition  to 
this  doctrine,  a  strong  desire  has  been  manifested  to  discover  in  the  an- 
cient rocks  the  signs  of  an  epoch  when  the  planet  was  uninhabited,  and 
when  its  surface  was  in  a  chaotic  condition  and  uninhabitable.  The 
opposite  opinion,  indeed,  that  the  oldest  of  the  rocks  now  visible  may 
be  the  last  monuments  of  an  antecedent  era  in  which  living  beings  may 
already  have  peopled  the  land  and  water,  has  been  declared  to  be 
equivalent  to  the  assumption  that  there  never  was  a  beginning  to  the 
present  order  of  things. 

With  equal  justice  miglvt  an  astronomer  be  accused  of  asserting  that 
the  works  of  creation  extended  throughout  injinite  space,  because  he 
refuses  to  take  for  granted  that  the  remotest  stars  now  seen  in  the 
heavens  are  on  the  utmost  verge  of  the  material  universe.  Every  im- 
provement of  the  telescope  has  brought  thousands  of  new  worlds  into 
view ;  and  it  would,  therefore,  be  rash  and  un philosophical  to  im.'igin« 
that  we  already  survey  the  whole  extent  of  the  vast  scheme,  or  that  it 
will  ever  be  brought  within  the  sphere  of  human  observation. 

But  no  argument  can  be  drawn  from  such  premises  in  favor  of  the 
infinity  of  the  space  that  has  been  filled  with  worlds ;  and  if  the  material 
universe  has  any  limits,  it  then  follows,  that  it  must  occupy  a  minute 
and  infinitesimal  point  in  infinite  space. 

So  if,  in  tracing  back  the  earth's  history,  we  arrive  at  the  monuments 
of  events  which  may  have  happened  millions  of  ages  before  our  times, 
and  if  we  still  find  no  decided  evidence  of  a  commencement,  yet  the 
arguments  from  analogy  in  support  of  the  probability  of  a  beginning 
remain  unshaken ;  and  if  the  past  duration  of  the  earth  be  finite,  then 
the  aggregate  of  geological  epochs,  however  numerous,  must  constitute 
a  mere  moment  of  the  past,  a  mere  infinitesimal  portion  of  eternity. 

It  has  been  argued,  that,  as  the  different  states  of  the  earth's  surface, 
and  the  different  species  by  which  it  has  been  inhabited  have  all  had 
their  origin,  and  many  of  them  their  termination,  so  the  entire  series  may 
have  commenced  at  a  certain  period.  It  has  also  been  urged,  that, 
18  we  admit  the  creation  of  man  to  have  occurred  at  a  comparatively 
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modern  epoch — as  we  concede  tho  tt((»iidiii^  faol  of  tlie  first  introdac- 
tioii  <^  a  moral  and  intellectual  bdDg>— so  also  we  may  eoncdre  the  first 

creation  of  t]>o  planot  itself. 

T  am  far  from  denying  the  weight  of  this  reasoning  from  analogy ; 
but,  although  it  may  stren!;'then  our  conviction^  that  the  present  system 
of  change  has  not  gone  on  iVom  eternity,  it  cannot  warrant  us  in  pre- 
suming that  we  shall  be  permitted  to  behold  the  signs  of  the  earth's 
origin,  or  the  evidenees  of  the  fiimt  iotroduetkm  into  it  of  organie  hemgiL 
We  aspire  in  vain  to  aasigti  limits  to  the  works  of  creatioi^  in  spate, 
whether  we  esamine  the  starry  heavens,  or  that  world  of  minute  am> 
nudcnles  which  is  revealed  to  us  by  the  microscope.  We  are  prepared, 
therefore,  to  find  that  in  time  also  the  confines  of  the  unirene  ]ie  he- 
youd  the  reach  of  mortal  ken.  But  in  whatever  direction  we  pursue 
our  rp«earchc5,  whether  in  time  or  space,  wc  discover  everywhere  the 
clear  j  roofs  of  a  Creative  Intelligence,  and  of  His  foresight,  wisdom, 
and  power. 

As  geologists,  we  learn  that  it  is  not  only  the  present  condition  of 
the  globe  which  has  been  suited  to  the  accommodation  of  myriads  of 
living  ereatnres,  but  that  many  former  states  also  have  been  adapted  to 
the  oi|;attlsation  and  habits  of  prior  raees  of  beings.  The  dispositioii 
of  the  seas,  eontments,  and  idands,  and  the  dimates,  have  varied ;  the 
speeies  likewise  have  been  changed ;  and  yet  they  have  all  been  ao 
modelled,  on  types  analogous  to  those  of  existing  plants  and  animals,  as 
to  indicate,  throughout,  a  perfect  harmony  of  design  and  unity  of  pur- 
pose. To  assume  that  the  evidence  of  the  beginning  or  end  of  so  vast  a 
scheme  lies  within  the  reach  of  our  philosophical  inquiries,  or  even  of 
our  speculations,  appears  to  be  inconsistent  with  a  just  >  ^timate  of  the 
relations  which  subsist  between  the  finite  powers  cf  man  and  the  attri* 
butes  of  an  Infinite  and  i:lttiruai  iieing. 


GLOSSABT 


or  GEOLOGICAL  ASy  OTUKR  BCIENIiriC  TERMS  USED  OT  ISM 

WOBK. 


AcxTHALocB.  Tho  Aoephola  arts  that  diTiaion  of  moUosoooB  animals  which,  like  tha 
oyster  and  aoaUop,  an  without  headi.  Th«  ebas  Aeepbala  of  Caflcr  0Qiiii|)n- 

bends  many  ffcnora  of  animuls  with  bivalve  hhcTl*,  and  a  few  whIdtandavoU 
of  fihclls.  Etifm.y  a,  a,  trithout,  aad  <«^«Av,  OfpAo^  the  head. 

Aoiocijocs.  Slightljr  add. 

AoMOsm.  On«  of  flvo  daateg  into  which  all  plants  mi^  b«  dividad;  it  IndndH 
•uch  flowcrlcRS  onca  iw  jn"ow  from  the  top  only,  an  J  whr>?e  ?t»'Tn«i  c«n*«»qnent!y 
do  not  increaao  materially  in  balk,  as  Moaaoa,  Ferns,  Lyoopodioms,  EquiMtums, 
Ao.  Tho  tnuk  of  •  trao  fom  is  »  good  eninple.  Thvy  tart  abo  cdiad  Aeio- 
brya.   £tJ/m.,  axpoi,  acron^  the  top,  and  ymvu.  i^fn'^sh,  iiurt  aso.  • 

APOPOonuk  A  substance  apparently  intermediate  bctvccu  &t  and  wax,  into  which 
dMd  aninud  niatfeer  b  oonveitad  whoa  bnriad  In  the  earth,  end  in  *  eetlriii  ilige 
of  daoomposition.  JS^ynk,        ht,  ltd  ttn,  mz. 

Alsitk.   Sec  "  Fclnpar." 

Auuiuio.   An  npparatDS  for  distilling. 

AtAJL  Ab  order  or  division  of  the  cryptogamic  doss  of  plants.  The  wliole  of  the 
pcawccfls  nrc  comprpln  luU  'l  uin.lcr  this  divi:*ion,  and  the  appUeetkni  of  th* 
term  in  this  work  is  to  marine  plants.   Etym.^  alga^  s^^weod. 

AixvTiAL.  The  edj^vv)  of  aUaTiimif  which  aee. 

Ai.i.rnov.    Synonymous  vith  nlluvium,  wliicli  see. 

Atxtmuif.  Earth,  sand,  gravel,  atones,  and  other  transported  matter  which  has 
been  waahed  away  and  thrown  down  by  rivara,  floods,  or  other  cansee  upon  land 
XUAfntmamimtiit  aobmcrgcd  beneath  the  waters  of  lekee  or  eeee.  X^/m^  aflm, 

to  wash  upon,  or  allut  :'\  r:'i  inundation. 
Aldx-stons,  Alumcn,  ALi':kii.NOL  a.  Alum  is  the  base  of  pure  day,  and  strata  of  day 
•re  often  net  wHh  eonteining  mtieh  Iroa  iiyritee.  When  the  tetter  enbetanee  de- 
compose!*, Biilphunc  aoiJ  U  produced,  which  unites  with  the-  uluinlnou!*  eartlv-^f 
ihe  clay  to  form  aulphate  of  aiumine,  or  common  alum.  Where  U2imu£i4rtariea 
are  eetaVBshed  for  obtaining  Ihe  aimn,  the  indurated  beds  of  day  employed  at« 
called  Alum-stone. 

AKMorrrrs.  An  extinct  and  very  numerous  genus  of  the  order  of  ir.r,llu*cou>  animaTs 
called  Cephalopoda,  allied  to  the  modem  genua  Nautilus,  which  iuhabilcda  clxaot- 
bered  shell,  ourred  like  a  colled  snako.  Bpodee  of  it  are  ibnnd  in  all  geological 
periods  of  the  secondary  utrntn ;  but  they  have  not  been  «ecn  in  the  tertiary 
beda.  They  are  named  from  their  rwemblance  to  the  horns  on  the  atatoea  of 
Japtter  AnHnon. 

AjfoRTHors.    Bodies  devoid  of  regular  form.   £^fm,f  m,  «,  withoot,  and  fuff^, 

morpksj  form. 

AjfranALom.  One  of  the  Qmns  of  the  Itep-roeka,  In  whldi  agates  and  aimide  min< 
eralsappcar  tobeaoatteredlikeafanondsinaeakie.  J^ws.,  apayJaHa,  aw|jrfrfi, 

an  almond. 

AlUkLCDa.  A  nmple  miueritl  of  the  Zeolite  family,  ul.>*o  called  Cubijcite,  of  fre<jaenl 
eeeurenee  in  the  Traprocks. 

AKAtoorE.  A  body  that  resi  nil'les  or  eorrefporids  witli  nnotlicr  body.  A  noSBt 
shell  of  the  same  apedes  as  a  fossil  shell  is  the  analogue  of  the  latter. 

AmnensMS.  A  term  applied  to  all  flowering  plants  In  whieh  the  ovules  are  in- 
closed in  an  ovivry,  nnd  the  seeds  in  a  j>ericarp  or  covering,  as  in  all  ilowering 
plants  except  those  mentioned  nnder  g^  mnoepcrms  and  gymnogena,  which  ase. 
£tym,,  ayyot,  angot,  a  vessel,  and  cxtpita,  a  seed. 
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AwnjoTii&stivu.  A  fouil  extinct  qaadraped  bdongiog  to  the  order  PMhydemuili, 
reMmbUng  a  pig.  II  litt  teeelved  it*  ittOM  l^itta  the  aidinil  imti^ 

Hingulurly  wnnthig  in  means  of  defence,  from  the  form  of  its  teeth  and  the  ab- 
Mnoe  of  cUwa,  hooSh       horaa.  £tjpn,f  awnXatf  anoplo$f  unarmod,  aad  ^^fuw. 
tf«riM^  a  wild  liMMt. 
Aktaqokbt  Powzx.  Two  powers  in  nature,  the  action  of  the  one  coantoractingthat 

of  the  other,  by  which  a  kind  of  equilibriom  or  balance  is  maintained,  and  the 
deatractive  etToct  prevouled  that  woald  ho  produced  by  one  operating  without 
m«ih*ok. 

AxmamM.  The  wiiealatdd  honu  with  whioh  the  1m«I»  «f  inMeti  an  inTiiUUy 

fiiriushed. 

Axnauum.  A  •hining  ralMtauee  lilw  U«dc-I«ad;  »  spedw  of  mineral  eliarooiL 

Etj/m.,  avOpa^,  antJirax,  coal. 
AxTmuooroExiuK.   A  name  given  to  an  extinct  quadruped,  supposed  to  belong  to 

the  BMshydermata,  the  bones  of  which  were  first  found  in  lignite  and  coal  of  the 

tMtln7  Btimta.  £lym.,  a»$fUt  MlKraz,  ccal,  and  dv^iotp,  therion^  wild  bcaat, 
A}rnntopo¥ORpnoT'9.  Uaring  a  form  resemhlicg  the  hmiuui.  Jtjfin^  muSfmntt 

ihropot,  a  man,  and  ^of^,  tnorpht^  form. 
Aimntrm  BalMttnot*  wUeli  pravwtl  Mmptbm  in  «dinal  «nd  vtgtuMit  naltw, 

as  common  salt  does,      laid  to  be  antiMptle.  ZHiynk,  mwn,       eg■lIl■^  Mid 

wnm,i^t  to  putref/. 
ABBrAOBom.  Bendy.  Etifm.,  arena,  tend. 
Aboillaczoos.   Gaycy,  composed  of  clay.  £ljfm.,  aryiUftj  dhy. 
AsBAooirrrE.  A  simple  mincnd,  a  vnricty  of  cerboaete  of  Jhn«,to  oeUed  &omh«?iqg 

been  first  found  in  Arogon  iu  Spain. 
Aioufl.  OotBllileDdtofanannii]arlbtin,oreoiiebtiiigofedteidaretriport^ 

coral  siirronndini?  a  central  lag-oon. 
Auomt.  A  simple  mineral  of  a  dark  green,  or  black  color,  which  forms  a  constituent 

pert  of  menj  varieties  of  vokanlo  rocks.  Keme  sppUod  bj  "P&aj  to  e  peitf  ooler 

mineral,  from  the  Greek  avytj,  avrje^  lustre. 
AxALkucHm,  Maaacs  of  snow  which,  being  detached  from  groat  heights  in  the  AJpe, 

eoqiute  enermoaa  Vidlc  bj  fresli  eeeomnletiona  as  they  descend ;  sad  when  they 

fall  into  the  Tallcys  below  often  cause  great  destractioil*  They  MM  ebo  CaUod 

ftiMM^  end  Itttandim  in  the  dialeots  of  Switz6rland. 

BAtur.  Oneoftibemostcomnion  varieties  of  the  TraiHFOcks.  It  is  e  dark  fieen  or 

black  stone,  composed  of  atit;ite  mid  fol^pnr,  very  compact  in  texture,  and  of 
considcrabio  hardness,  often  found  in  regular  pillars  of  three  or  more  sides 
eeDed  hessltio  oolnmtis.  BemerksUe  examples  of  this  Und  ars  seen  at  the 

Giant's  rau5c\vuy,  in  Ireland,  and  at  Fingal's  Cave,  in  Staffs,  one  of  the  Hob- 
rides.  The  term  ia  used  by  riiny,  and  is  said  to  come  from  fcuoZ,  sn  .£thio- 
pien  word  signifying  iron.  The  rode  often  oontains  nmeh  iron. 
^BiasR^'  of  Paris,  '*Ba8ci''  of  London.    Deposits  lying  in  a  boUow  or  troogh, 

formed  of  older  rocks  ;  sometimes  used  in  gfcolo^y  nlnio.st  pynonymonjly  with 
"formations,"  to  express  the  deposits  lying  iu  a  certain  cavity  or  depression  iu 
older  roclcs. 

Bn.FM^n-E.  An  extinct  genus  of  the  order  of  molln?cou?<  aniinala  called  Ceidialo- 
poda,  having  a  long,  straight,  and  chambered  conical  sheU.  ^tXt^v^  b«- 

Bimcxx.  Mineral  pitch,  of  which  the  tar-liko  substance  which  is  often  seen  to  ooxc 
out  of  the  Newcastle  coal  when  on  the  flro,  and  which  makes  it  cake,  is  a  good 
eaaunpl«>  Ju^m.,  HtumeH^  pitoh. 

Bdumuhhib  Sbalb.  An  argUkoeous  shale,  asneh  Impngnated  with  bitnmoi,  Whioh 

is  very  common  ir.  the  Co;\]  Measures. 
Hlenus.   a  metalUo  ore,  a  compound  of  the  metal  zinc  wiih  sulphur.   It  is  often 

Anuid  in  brown  shining  crystab ;  henee  its  name  among  the  Oeraan  niinei% 

from  the  word  lUnden^  to  dazzle. 
IkuiTS.  High  bonks  presenting  a  preoipitoos  front  to  the  sea  or  a  river.  A  term 

naed  in  the  Vi^ted  Ststse  of  North  America. 
BoTHToiDAL.  Besembling  a  bunch  of  Or^es*  Hjfm^  fiffth  S^^TIN^  a  hmok  of 

gnipesi  and  ni^tt  Sk<0S,  form. 
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IWci.D>i».  A  provincial  term  for  large  roundad  blocks  of  BtoD«  lying  on  tbm  tarfitct 
of  tbe  groand,  or  aooMtunM  imbedd«d  ia  hum  aoilf  differeai  in  oompoaitioD  from 
tlw  raokftitttlMirvidBilfVMdvhidi        btM  tkmftM  UM»poi>aJ  ftom  ■ 

distance. 

Bbxccli.  a  rock  composed  of  angular  fragiuents  connected  together  bj  lime  or  otaer 


CiboSDmiL  A  Gennan  name  for  the  deposits  from  spting^'hoUSaftuboBt^  of 

lime  in  «oliitii>ti — pofrifyinir  *pr!nir5>.    Ffym..  lall\  lime,  and  inntim,  todmp. 
Cajxaire  Grohixb.   Aa  extensive  stratum,  or  rather  series  of  etrmtA,  foand  in  the 
PkrisBe^belongiug  to  th«Eoe«iMtertiBry  period.  Stfm^  eaXtiin,  Hmto—^ 

anJ  tjr-j^-i'tr,  coarse. 
Calcarxocv  Rock.   Limeatone,  £tjfm.f  cole,  lime, 
Calcakkocs  Spab.  Crysta^nd  ewboiwte  of  Bum. 

Carbon.  An  nndecompo^o  l  inflammable  tiibetanoe,  one  of  tho  simple  clcaflBtey 
lH>l:f"!.    rharcon!  h  almost  entirely  composed  of  it.    Ffym.,  rar&o,  coal. 

CARttoNATE  OK  Liuc.  Liixio  combines  frith  great  aridity  with  oarbonic  add,  a  gas«- 
ons  acid  only  obtained  fluid  T^hon  united  with  water,— md  «I1  oomtiiBadoM  «f 
it  with  otlicr  sabfltanc(*<  orr  0.-1^0  J  Garlonatt*.  All  liroestone<i  nre  carbonttMl  of 
lime,  and  quicklime  is  obtained  by  driving  off  the  carbonic  acid  by  heat. 

GAiBoiunD  Sntiroa.  Sprintrs  of  water,  containing  en^MNiie  add  fM.  Thtfrnrof 
common,  especially  in  volcanic  conntries ;  and  sometimes  CN^ntaln  so  «i;ijc}:  gM| 
that  if  a  little  sugar  be  thrown  into  the  water  it  effisnresoes  like  5odn-\va'«r. 

CoBoMC  Acid  Gab.  A  natural  gsa  whieh  nften  lasnea  fWWB  the  ground,  especially 
in  volcanic  countries.  Ktym,^  eorfo,  ooal;  becaoae  the  gas  is  obtaiaed  l^the 
rIow  bnming  of  chat'^oal. 

CaJUOJarsBocs.  A  term  uauulir  applied,  in  a  technical  »enat,  to  an  ancient  gronp 
efaeeendafyetnta;  but  anjbedeontainlngcoolnaybeMidtobeaariNaiiftmuL 

Ff^rm.,  rar^to,  coal,  and /ern.  to  bear. 

CxtACLTsM.   A  deluge.  £tjfm.,  nra/rXv^,  oUaHu^!^  «o  deluge. 

CmuLOVODA.  A  <JasB  ef  mollnseoua  animals,  having  their  oigane  of  ntotion  ar- 
ranged round  their  hea^l.    Ffym.,  irt^Xq,  etphaU,  head,  and  wvia^peda,  feet. 

CsxACEA.  An  order  of  vcrtebratcd  mammifcrous  animals  inhabiting  the  sea.  Hie 
whale,  dolphin,  and  nsrwal  are  examples.  Etyn.^  ede,  whale. 

Cbaubdonv.  a  fiilieeoQS  irfmple  miaenil,  lUieiTBtalBaed.  Agatee  afo  partly  oooi' 

posed  of  c Iinlcc<lonr. 

CoALK.   A  white  ciirtiiy  iimcstoue,  tho  uppermost  of  tho  secondary  series  of  strats. 
Cnaf  .  A  Rilieeooa  mineiai,  aeariy  aDied  to  ehaloodoiqr  «Bd  flint,  bat  leaa  heoMge- 
ne  tis  and  simple  in  tnton.  A  gradual  pew^  from  dieit  to  Mmesteoe  St  not 

uncommon. 

CnonniD  8a«i>.  Bend  eolored  green  faj  aa  admiztore  of  the  atnfiemiiMnldilorita. 

£tym.,  j^Xufvs,  chhrut,  green. 
CiXAVAOE.    Ccrtuin  rocks,  uaually  called  Slate- rocka,  may  he  cleaved  into  an  ! n  lcf^- 

nite  number  of  thin  lanjinn!  which  arc  parallel  U>  c^m-  U  other,  but  which  ar«  gen- 

eially  not  panlld  to  tho  planes  of  tho  true  strata  or  layers  of  deposition.  The 

planes  of  clcavai^c,  thcrff-irc,  are  dt'stimrtt'ehnb!?  from  those  of  stratif^.^ation. 
CiJ>'KBTOKX,  called  also  phonolite,  a  felspathlo  rock  of  the  trap  £unily,  tuually  fissile. 

It  ia  eonoroas  when  atntoli  with  a  hammer,  whence  Ite  name. 
Coal  FoRicATio?r.  This  term  is  genernlly  nndetvtood  to  mean  the  eamo  as  th«  Ooel 

Meostures,  or  Carboniferous  group. 
Ootfewimu.  An  order  of  imeeta  (Beetlea)  whieh  have  flmr  wings,  tbc  npper  pair 

being  emstaoeoas  and  fonning  a  elileld.  Jl^,         ooCmi^  a  aheatfaf  and 

vrtfwir,  pUron,  a  v'lng. 
CoxTORXABLE.   Whon  tho  planes  of  one  set  of  strata  ore  geocrally  parallel  to  those 

of«iiolhereetwUeharoinoenta«t,theyare  eald  to  be  conflmMhle.  Tbaatbe 

set  a,  I,  Tvj.  r>B,  reel  oonlbnuabiyon  tho  iafttier  t^e,  4;  \ml4,  d 
flmuaUj  on  £. 
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ConoiKsas.  Species  which  belong  to  the  some  genus. 

CoMOLOMEHATK,  Of  FvoDntoKKWU,  Roooded  wftteT-wofu  fragtnenliB  of  rook  or  peb- 
Um,  oaoentad  iQgatlMr  bf  anoilMr  aiaanl  tnteime,  -wluoh  may  be  of  a  tilio 

eeooB,  calcareoiij,  or  arj^illAceoTis  nafnrc.    £hrm.,  eon,  tojretlior.  ijhmfrn,  to  heap. 
OfomcaM.  An  order  of  plants,  aU  of  which  have  duks  in  their  wood  flbr«H,  by  which 
they  are  reoogniaed  in  a  fbseil  etate.  Their  <mdea  ara  naked  (aee  Qmammat^ 

Most  of  the  northern  kinds  bear  the  seeds  iu  cones  ;  but  the  yew  docs  not,  nor 
do  a  host  of  tropical  and  south  temperate  species.  Mjim,y  conu*^  a  cooe,  and 
/(fro,  to  bear. 

OoaxoooNT,  C'JsuoLOGr.  >Words  synonymous  in  meaning,  applied  to  speculations 
respecting  the  Hist  origin  or  mode  of  creation  of  the  earth.  £tym.^  xavfMi,  ho^ 
fUM,  the  world,  and  yoinv,  gonn,  genomtion,  or  Xej^^c,  logot,  discourse. 

Chuo.  Apimrtnciiil  mmie  in  Norfolk  unJ  SutTolk  for  certain  tcrtkuy  dflftodts liBli> 
ally  composed  of  sand  w'uli  sliolls,  bcloii;,'iin;  lo  the  Older  Plioeene  period. 

CiuTEit.  The  circular  cavit/  at  tlio  summit  of  a  volcano,  from  which  the  volcanio 
matler  b  njeetad.  Sl^pi^  «rBl«%  «  great  eap  or  bowl. 

rRETACEors.   Bclonpinsr  to  rhalk.   Etym.^  cnta,  chalk. 

Chop  Olt.  A  minor's  or  mineral  surveyor's  term,  to  ezpreaa  the  rising  up  or  cxpc- 
■nre  at  tbe  torfiwa  of  a  stzatiim  or  tarica  of  atnta. 

Crcst  or  TUE  Earth.   See  "  Earth's  crust." 

Cbdhcaoeoc/.  Animals  having  a  shelly  coating  or  Croat  whioh  tbey  oast  p«riodkaUy. 
Crabs,  shrimps,  and  lobsters  ore  examples. 

GBrrrooAMia  Asexual,  flowcrlcss,  or  Acotylcdonons  plants ;  a  term  oppliad  to 
half  the  vegetable  kingdom  in  contnidij^tinction  to  pbienogaiiiio,  sexual,  or  flow- 
ering plants.  It  indodes  Fungi,  Sea- weeds,  Lioliens,  Mosses,  Ferns,  &c.,  which 
luvo  no  obvlooa  flowora,  and  no  «olgr1«dona  (aaad^tobea)  to  their  apona  or  aeoda. 
Etym,^  cfoTrot,  ervptos,  concealed,  and  ya^oi,  fnimofi,  niftrrmpo, 

Cktstaia  Simple  minerals  are  frequently  found  in  regular  forma,  with  facets  like 
the  drope  of  «at  glaae  of  obandelten.  Qnarti  bunf  often  met  «rith  In  rooka  in 
such  forms,  :viid  beautifully  transparent  like  ice,  was  called  rccJxrt/ttal,  tpwraX' 
Aef,  etjfttallot,  being  Qreck  for  ice.  Hence  the  regular /oreM  of  other  miperalH 
are  called  crystals,  whether  t)>ey  be  clear  or  opoke. 

CKnvAixizED.  A  minend  which  is  Ibond  in  reenter  fomw  or  cryttala  la  add  to  be 

crystallized. 

OarsTAU.tNK.  The  internal  texture  which  regular  crystals  exhibit  when  broken,  or 
a  emiflMed  assemblage  of  iU-deflned  eiyi^sls.  Loe^gar  and  statoaiy-narido 

have  .1  cryttaUine  texture.  Sugar-candy  and  calcircous  pp.ir  arc  crvFtaUiMtd.  - 
CcrBurxKoca.  Copper-bearing.  £iym,j  ct^rum,  copper,  md/ero^  tu  bear. 
CroADtJk  A  smali  and  veiy  anomalons  order  of  flowning  plants,  chiefly  found  in 
Mexico,  the  East  Indian  Islands,  South  Africa,  and  Australia.  They  are  Gym- 
nogena  aa  to  ovules,  and  neither  Exogcns  nor  £nd<^ens  in  the  wood  of  their 
short,  simple,  or  branched  trunks,  and  they  have  dicotyledonous  seeds.  The 
leaves  are  pinnated  (like  tho»c  of  cocoa-nut  palms  i,  nad  when  young  arc  rolled 
inwards  as  in  Fcrnf*.  The  wood  fibres  nre  curiously  y>crforiitcd,  rtnd  inurkod, 
by  which  they  are  recognized  in  s  fossil  state  as  well  as  by  the  trunk  and  foliage, 
and  tlie  eonee,  which  contain  the  nude  flowers.  The  term  is  derived  from  mink, 
cf/cat,  a  name  applied  hy  the  ancient  Greek  naturalist  Threophrostus  to  a  palm. 
Otfesacsje.  a  tribe  of  plants  answering  to  the  English  sedges;  they  are  distin- 
guahed  from  grasses  by  their  sisBis  being  solid,  and  generally  triangnlar,  instead 
of  being  hollow  and  round.  Together  with  (iramintm  tbqr  OOnstitnte  what 
writers  on  botanical  gcxyvaphy  ofken  osU  flmmaotat, 

JiBBArLF:.  A  great  rush  of  waters,  which,  breaking  down  all  opposing  barriera,  esr- 
rid'i  forward  the  broken  frarnnents  of  rock^,  and  sproadH  them  in  its  conr«e. 
iiym.,  dtbadcTf  French,  to  unbar,  to  break  up  as  a  river  does  at  the  cessation  of 
a  iMBf •eontinned  ftoet. 

Delta.  "When  a  prrcat  river,  before  it  enters  the  bcs,  divides  into  pcpurnte  titrenrr.s, 
they  often  diverge  and  form  two  sides  of  a  triangle,  the  sea  being  the  base.  The 
land  Indnded  by  the  time  Unesyaadwhidiia  InvnriablyaUnvhtl,  was  flntoslled, 
intlMoaie  of  tbeNile  a  delta,  ftom  its  nsemUance  to  the  letser  of  the  Qveek 
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alphabet  which  goes  by  that  luune  A.  Geologiato  applj  the  term  to  aUutmI  kmd 
formed  by  a  river  at  Itii  month,  wHbont  nsfercnoe  to  its  precise  abape. 
Dbncdatio:*.  The  carrying  away  by  the  aetkm  of  mimiiig  water  of  a  porUon  of  ih« 
Holia  iniitcriaJa  of  the  iaad,  bgr  whkk  infttiorrodn  an  laid  ban.  JStgrn^dtrnm^ 

to  lay  bare. 

SsouuuKUf  DMsniAnBt  Deprivod  of  oxyjwi.  Diioiritod  from  nxj^ntm 

■DwiccATiov.    TliO  art  of  Jrying  up.    Ftyrn.,  d.'^'nw,  to  dry  up. 
Psnurus.  Matter  worn  or  rubbed  off  from  rocks.  Etym,,  lio,  from,  and  ttro^  to  rah. 
BnorruiiOAOua.  A  gnnd  division  of  the  vegetable  kingdom,  foimdod  OB  tto  pfant 
having  two  MQftelaft*,  or  Mod-lobw.  J^mk,  liii  4Ut  doabl«»  and  asfvXiln^ 

ootj'lotlori. 

l>mi».  When  n  minM  of  the  unalmtified  or  igneous  rocksj  sach  as  graoiut,  trap,  and 
lava,  appeals  as  if  injected  into  a  rmt  in  the  atimtUled  rooks,  oatting  aeroos  tiw 
ftmtn,  it  forms  .1  dik(?.  They  nre  (soinctimca  seen  r'lminjj  alon<j  the  pround, 
and  projecting,  like  a  wall,  from  tlie  softer  strata  on  both  hides  of  them  having 
waatod  away ;  whence  they  were  4nt  oalied  in  the  nordi  of  England  and  in  Seot- 
land  dUut^  a  provincial  name  for  wall.  It  is  not  cosy  to  draw  the  lino  between 
dikes  and  veins.  The  former  are  generally  of  larger  dimensiomi,  and  have  their 
aides  {Mmlld  for  considerable  distances ;  while  veins  bavo  generally  many  nmi> 
lloationa,  and  theae  often  thin  away  into  Hlcuder  threads. 

Ihtmrir.    Tbo<«e  nccnmulations  of  gravel  ond  loose  mntprinli?,  •wbi<'h. 

ogi^ti*,  are  said  to  have  been  produced  by  the  action  of  a  dilavian  wave  or  del- 
uge aweeptng  over  the  avrfluse  of  the  eartli.  Sfm.^  Jgwfi— ii,  delvfe. 

Dip.  When  aetrntum  cl>'cs  not  He  horizontnlly,  bnt  is  inc!incJ.  it  )«*  paul  to  dip 
towards  some  point  of  the  compass,  and  the  angle  it  nukee  with  the  honioa  is 
oaUed  the  angle  of  dip  or  Indinatton, 

Ddtkra.  An  order  of  insects,  comprising  those  which  have  wdf  two  winpk  S^/m^ 
fiiij  dh,  donWe,  nnd  trrrpoi-,  pUr"^.  ^vi^lJ». 

DoLKBiTK.   One  of  the  varieties  of  tiie  'ira|>-rocks,  composed  of  augite  aitd  felspar. 

DoMMm.  A  4»7Btainne  limestone,  eonudnln^  magnesia  aa  *  oooatStnent  part. 
Named  after  the  French  geologist  Dolomicu. 

Dimw.  Low  luUa  of  blown  sand  that  skirt  tho  shores  of  Holland,  £ngland|  8p«n, 
and  other  eonntries. 

Ejurra's  Cscst.  Such  eaperfiinol  ports  of  our  planet  as  are  aooeaaible  to  hunaa  ob 
ser^'atton. 

EomocH.   A  Cf  rt  ek  term  Ibr  a  destraoUon  hy  Are. 

Xlttha.  The  wiiit;  fhealhs,  or  «pp<*r  crnstaccous  membmnes,  which  form  the  su- 
perior wings  in  the  tribe  of  beetles.  They  cover  the  body,  and  protect  the  true 
me^hianoaa  wing.  Ji^jm.,  thrfo»,  dfftro^  »  sheath. 

SmMNVns.  A  class  of  flowering  plants,  whose  stems  present  no  ^Tl^t!nct^on  of  wood, 
^th,  and  bark.  Tlic  wood  is  disposed  in  bundles,  placed  n(»rer  the  axis  than 
those  of  the  previous  year,  an  in  palm  tmnka.  This  dass  anwan  to  the  MoiiiO- 
cotylcdones  of  Jussicu.  Etym.,  tviov,  endon,  within,  and  ytvtctt,  ^try-^U,  Increase. 

Emtomostkaca.  Cuvier's  second  section  of  CrustiRsea;  so  called  ftom  their  relation- 
ship to  insects.   Etym.,  twroiia,  tntoma,  inseota. 

jBooairs.  A  name  given  to  the  lowest  division  of  the  tertiary  strata,  containing  aa 
extremely  pinall  perecnt.ng'e  ofliving  apecies  amongst  its  fossil  shell-",  which  indi- 
cote  tho  Urst  commencement  or  dnwn  of  the  existing  state  of  tho  animate  crea- 
tion. iSinM.,  fitr>  «W|  aurora  or  tho  dawn,  and  iwim*  Mmm,  reoent. 

Skaki  ^KNT.  The  ahrapt  Aee  «f  •  lidga  of  high  land*  JB^t  amsipw,  Fnndif  to 
cut  steep. 

Bsnramm.  Inlets  of  tlia  land,  tri^  are  aalarsd  both  by  riven  and  Iha  tides  of  the  . 
sea.  Thus  we  have  the  astnarieo  of  the  Tinmsa,  Sovern,  Tqr,  Hjm^ 

crstus,  the  tide. 

KxooKNs.   A  class  of  flowering  plants  whose  stems  l)!ive  bark,  wood,  and  pith.  The 
hark  is  increased  hy  layers  deposited  within  the  previonsly  formed  hye^  an-i 
the  wci  I      hivcTH  cr  ring*  placed  ont«Iclc  of  those  of  the  prvnions  rcjir.    TLjr  , 
oliias  answers  to  tho  Dicotyledones  of  Jussiea,  and  indadcs  ail  oommon  Engiiali 
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except  pines,  &e,   (See  G txmookks.)  £lym.^    .  czo,  outaido,  ynuHf  gti^ 


BxPERiMExmi  Cnri'Lo.  A  decisive  experiment,  bo  called,  bocau'<o,  like  a  cross  or 
dirccUoa-post,  ii  directs  men  to  true  knowledge ;  or,  as  some  explain  it,  because 
it  is  a  Und  of  tertora  whenby  th«  uiftara  of  the  thiagr  i«  extorted,    it  were,  by 

violence. 

JLuniM.  Properly  speaking,  the  transient  parts  of  certain  animaU  which  they  put 
off  or  lay  down  to  assnme  new  ones,  as  serpents  and  caterpillars  shift  their 
■Mns ;  but  in  geology  it  refers  not  only  to  the  cast-otF  coverings  of  eniiiMds,  but 
to  fos^iil  phcllH  nn<i  other  remains  which  «nti«al«  Jiave  left  in  tbe  ttnt*  Of  the 
earth.   Mjfin.^  exuert^  to  put  o^  or  divest. 

Faiuns.  a  French  provinchil  name  for  some  tertiary  strata  abounding  in  shells  in 
Tourainei  wliieh  rcf^mble  in  lithologioal  oharaotexa  the  *^  Crag''  of  Norfolk  and 

Fapit,  in  the  language  of  minc-ri«,  ia  the  sudden  interruption  of  tlie  COOtlnnitj  of 
•tntft  in  the  some  piano,  accompanied  by  a  cmck  or  fissure,  varying  in  width 

from  a  mere  lino  to  Bovcral  feet, 
n»  M>  wliieh  ia  gmereUy  llUed  with  hfoken 

stone,  clay,  &c. 

The  strata,  a,  e,  &o.,  mijt  at 
one  time  have  iMen  eontinnone; 
but  a  fnicture  having  taken  place 
at  the  fault  F,  either  by  the  upheav- 
ing of  the  portion  A,  or  the  sinking 
of  the  portion  B,  the  strata  were  so 
displaced  tliat  the  bed  a  in  B  is 
many  fuct  lower  than  the  same  bed 
•  In  tiM  portion  A. 

FatrsA.  The  various  kinds  of  animals  peculiar  to  a  country  constitute  its  FArNA,  as 
the  various  kinds  of  plants  constitute  its  Floba.  The  term  b  derived  from  the 
Favni^  or  mnd  deitiea,  in  B<Maaa  Mythology. 

I^UPAB.  A  simple  mineral,  which,  next  to  quartz,  constitutes  the  elilef  material  of 
rocks.  The  white  angular  portions  in  granite  are  felspar.  This  mineral  always 
contains  some  alkali  in  its  composition.  In  common /eUpar  the  alkali  is  potash ; 
In  another  variety,  called  Albite  or  Cleavhmdite,  it  is  soda.  Glassj  iUiptr  ia  a 
term  applied  when  the  crystals  have  a  considerable  decree  of  transparency. 
Compact  felspar  is  a  name  of  more  vague  signification.  The  snbetance  so  called 
appears  to  contain  both  potash  and  soda. 

Fklspathic.    Of  or  belonging  to  felspar. 

FrXBUOiNOUs.   Any  thing  containing  iron.   £tjpn,^Jerrum^  iron. 
Flanu,  easily  cleft,  dividing  readily  into  an  indellnito  namber  of  parallel  bndn», 
like  alatea. 

FLoETz  Rocks.  A  German  term  applied  to  the  secondary  strata  by  the  geologists  of 
that  country,  becanse  these  roclcB  were  supposed  to  occur  most  frequently  in 
flat  horizontal  beds.   Etym.^  floth  *  l^jer  or  stratum. 

lioRA.  The  various  kinds  of  trees  and  plants  found  in  any  COOntlJ  OODttiUlte  the 
Fu>iu  of  that  country  in  the  language  of  botanists. 

FLirmms.  Balon^ng  to  a  Tivar.  J^iwi.,Jli(e<iit,  ariver. 

Fbluuct'iFERA.  A  name  pivon  by  D'Orbignyto  a  family  of  microscopic  phcll-.  Tlioii 
different  chambers  are  united  by  a  small  perforation  or  r  /aim^a.  Keccnt  obser- 
Yation  hM  ahown  that  aomo  at  least  are  not  Ccphuiup  .da,  as  D*Orbigny  6up- 
poaed. 

FoKifATioN.  A  group,  whether  of  alluvial  depositaf  aodimentaiy  atxatai  OT  ignoooa 

rocks,  referred  to  a  common  origin  or  period. 
FoMU  Allminaiala  were  once  called  fossils,  but  geologista  now  oio  the  word  wdy 

to  oxpro^^9  thc  remains  of  animals  and  plants  found  buried  in  tho earth.  ^^^M** 
/mUi$f  any  thing  that  may  bo  dug  out  of  the  earth. 
Containing  organio  i 


flFLOBBAKT. 


Qaixha,   a  metallic  ore,  a  compound  of  lead  and  snipbar.    (t  has  often  tho  appear 

Mioe  of  Ugbly  (Hjli^hcd  lead.   Bljpn.,  y aXiu,  ffal«o,  to  vhine.  , 
Qamstt.    a  simple  miiienil,  f^enerally  of  a  deep  red  color,  crvKtulUzed  ;  most  coai> 

monly  met  ^ritb  in  mica  alate,  bat  alao  in  granite  and  otUer  igneous  rooka. 
,  OaaiBMVMM.  A  divirioo  «f  Ura  TaalMe*,  in  wlddi,  w  in  the  Umpet,  tlw  foot  i» 

attacliijj  to  tho  l>oJy.    Ebjm.,  yacTr}p,  tjanUr,  t'clly,  nnJ  nofa,  pi>J<i,  fctt. 
Oaclt.   a  provinct^  name  in  tho  east  of  England  for  a  series  of  beds  of  claj  and 

marl,  the  geological  position  of  which  is  between  the  Upper  and  Lower  OiMn 

•and. 

Oaviat„    a  kind  of  crocodile  found  in  India. 

Gut,  or  Gkmmulk,  from  tho  iAtin  gemma,  a  bud.  The  term,  applied  to  zooph^tw, 
means  a  yoong  animal  sot  omllned  within  an  envelope  or  egg. 

GaoLOQY,  Geoo\o«v.  Both  mean  the  same  tlnntr ;  but  with  nn  nnncoo*sary  degree 
of  refinement  in  tenm,  it  has  been  proposed  to  call  our  description  of  the  strofr- 
tore  of  the  earth  geogn(tgy  {Etym.,  yta,  g«a,  earth,  and  yivmsKm^  ginoM,  tO  lOMw), 
■ad  onr  theoretiad  apeenlatiom  m  to  ita  fcrmetuafMltyjr  {JSt^m^  ya«,  waAXafSt 
/<oj^,  a  discourse). 

Gi^oiaR.  Votit  accumuktlous  of  ice  and  iiurdeued  t^uOTV  in  tho  Alps  and  other  lofl^f 
moantsiBB.  jS^im.,  9^c^  French  for  iee. 

Glacis.  A  term  borrowed  fh^m  the  lont^na^p  of  fortification,  where  it  m<  tneaB  ewj 
insensible  slope  or  declivity,  less  steep  than  a  tojiM,  which 

Omn.  A  ttmtifod  primary  rocic,  composed  of  the  saiiie  neleriete  gnuUei  bat 
having  usually  a  larger  propertioa  of  mice  end  e  textnn.  The  mnd 

is  ft  Germ  (in  miner's  term. 

QRAMui£^.   Tiie  order  of  plants  to  vvhtoh  gros&ci)  belong.   Etjfm.^  gramen,  gra^ 

OVAKire.  An  unstrotifled  or  igneous  rock,  generally  found  inftirior  to  or  associated 
vin'th  t!ic  oldest  of  the  stratified  rodci^,  and  sometimes  penetrating  them  in  the 
form  of  dikes  and  veins.  It  is  dsually  composed  of  three  simple  minerals,  fel- 
spar, quarts,  and  mice,  and  derlrea  its  wmie  from  heviay  •  eoeme  gtwMiar 
structure ;  granvm,  Latin  for  g^n.  Waterloo  bridge,  and  the  paving-stones 
in  the  carriage-way  of  tho  I^doA  Btteets,  afford  good  examples  the  most 
common  varieties  of  granite. 

HmumsAND.   EcdA  of  Hnnd,  Miixlstone,  limestone,  belonging  to  the  CreteeeeBi 

riod.    Tho  nnrae  is  given  to  these  beds  because  ihcy  often,  but  not  slways,  con- 
tain an  abundance  of  green  earth  or  chlorite  scattered  through  the  substanoe 
the  eaodBtone,  limeetone,  ^ 

Greknstonb.    A  variety  of  trap,  composed  of  hornblende  and  feUpor. 

Q&xrwACKi.  Orauwacke^  a  German  name,  generally  adopted  by  geologists  for  some 
of  the  meet  anmei^  foesiliferoas  strata.  The  rock  is  very  often  of  a  gray  color ; 
hence  the  name,  fnut,  being  Oerman  Av  graj,  and  mA$i  a  pmineial 
miner's  term. 

Out.   A  provincial  name  for  a  coarse-grained  sandstone. 

OTmraePMoioes.  Btgm,^  y«^«*i  pymaMf  naked,  and  mppe,  ^mtim,  a  eeed.  <8ee 

(iVMNOOKNH.ii 

QnntooxKs.  A  dass  of  flowering  plants,  in  which  the  ovnles  sre  not  indosod  in  an 
oveiy.  Thflj  are  also  eslled  gymnogperm$,  the  seeds  in  like  manner  nol  being 
incloeed  ia  a  pericarp.  It  includes  all  Ooni/erm,  at  pine,  fir,  juniper,  rjFfaiiii. 

yew,  cedar,  A<?.,  nnd  Ci/cadt\T.  All  are  Dicotyledonous  (a  few  have  many 
cotyledons),  and  all  Exogenous,  except  Oycas^  the  growth  of  which  is  anomalous. 
The  tsrm  b  applied  in  eeotmlletinetleii  to  Angktftnm^  wbiek  tee.  J^Mb, 
yv^i-oj,  naked,  nnd  yivton,  ineronse. 

Grrsuv.  A  mineral  composed  of  lime  and  solphurio  acid,  lieaoo  called  also  tulphat* 
DtUme.  Plaster  and  stneoo  ere  obtained  by  exposing  gypsnm  to  a  strong  heat 
It  is  found  so  abundantly  near  Paris,  that  plaster  of  Paris  is  a  common  term  in 
this  country  fur  the  white  powder  of  which  ca.Ht'^  are  made.  Tho  term  is  used 
by  Pliny  fur  a  slone  uaed  for  tbc  same  purposes  by  the  ancients.  The  dcrivatioo 
iaanknown. 
*    OTT^Kn  ^.  'Tf  T  Vi'")oni?in<r  to  ;»Tp<*nm. 

QntoooNrnca.  Bodies  found  iu  freshwater  deposits,  originally  sopposed  to  be  micro> 
soopic  shells,  bat  evbaequently  d]aoov«Md  to  be  eeed'veMeb  of  ftesliwatwplaBlR 
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of  th»  geniu  Chora,  Se»  above  p.  742.  £tjfm^  y*f»{,  9j^i  conrod,  Mid  y»Mf, 
^vfMfi  Mod,  on  aoeoiiBt  of  thdr  axtemd  straetufo.  . 

BuBpndu.  An  orcter  of  inaeets,  to  coUed  ftom  a  pMnlitrity  hi  11t«ii' wings,  tho 

6U{>or;or  being  coriacoou^  nt  thebnendmem1]nnoas«tth«ap«x»4ip<(«'*^^<">^ 

half,  and  vrc^o*-,  pUron,  wing. 
HonmuDipK.  A  simple  mineral  of  a  dark  green  or  black  color,  wliich  etiten  largtAj 

into  the  composttion  of  several  varietleB  of  the  Trap-Bodn. 
JbactnoKt.  A  siliceoas  mtncml  Biib<itnn<?e,  sometimes  approachini?  nearly  to  flinty 

or  common  quarU.  It  has  a  concboidal  fracture,  and  is  infusible,  which  distio- 

gqialws  it  ftom  oompoct  fdapor. 
Huxxsin;.   The  bone  of  the  upper  nrm. 

UrpBorRTTEs.  FlanU  which  grow  in  water.  Stjfm.^  U»f,  kf/dor^  water,  and  f»r«r, 
phyton,  plant. 

Htpoqkxx  Kocks.  Those  rocks  which  are  ivethfr-formid,  or  which  have  not  ass<umed 
their  present  form  and  structure  nt  the  surfnco.  such  as  granite,  frii('i:-s,  Arc  The 
term,  which  includea  both  the  platonio  and  metamorphic  rock»,  vi  subetitubjd 
fcrjwiwwy,  bocaitao  aotne  momboivof  liotii  thaae  daaMt,  andk  as  granite  sad 
pncisa,  nrc  posterior  to  many  pcoondanr  or  fossUiforons  rodca.  ^j/m^^  ^••j 
hypo^  under,  and  yivo^ai,  ginotnaif  to  be  formed  or  produced. 

lokBEno.   Great  masses  of  ice,  often  the  size  of  hills,  wfaieh  float  in  the  polar  and  adr 

jacent  aeos.  .fi^nn.,  ice,  and  berf^  German  for  hiU. 
lunvHiuaMmM.  A  glgantio  Ibaidl  marine  reptile,  aUied  In  part  of  Ita  etmotore  tc  a 

fisb.   JStym.,  ix9vf,  u^hm,  a  fish,  and  eavpa,  «aura,  a  lizard. 
I«Rtxoi78  RocK.^.   All  roeks,  itnch     lava,  trap,  and  granite,  known  or  aoppoaed  to 

have  been  meited  bj  volcaoic  heat. 
Imuinnamiir.  wmte  hot— liaving  a  mm  intense  degree  of  'hstnA  than  led  heat. 
Imvimov.   A  eonflcqtiencc,  inference,  or  general  principle  drawn  from  a  nnmber  of 

particular  facts  or  phenomena.  The  inductive  philoAOphy,  aaya  Mr.  WhewcU, 

haa  been  rightly  deioribed  aa  a  icienoe  wbleih  aaoenda  from  paztlaalar  fteta  to 

frenerul  princlplo:^.  and  then  deaoonda  again  from  theaefeaeiatprinelpleatopar>  ^ 

ticular  applications. 

InneoKr  Animaixtlks.  Minute  living  creatures  fbnnd  in  many  i^tuioM  ;  and  the 
term  u^futori  haa  been^ven  to  all  andh  anlwalenlea^  whether  Ibmid  in  Inftidoaa 

or  in  PtjiiTnnnt  water,  vinegar,  Ac. 
laariBSATEP.  Titickcned.  £lifm.,  tpitttUf  thick. 

bnrnnnBATBD  Aimuia.  Animale  whloh  are  not  fanilabed  wldi  a  baok-bone.  1^ 

11  fnrtlirr  r  \"  Intuition,  see  "  Vertebrated  Anhnals." 
laoTBEBM^  Such  zones  or  divisions  of  the  land,  ocean,  or  atmosphere,  which  liuvc 
an  equal  degree  of  mean  aanual  warmth, areaaitt  to  be  taotfaermal,  Upmumh,  uos^ 
equal,  and  ^^i^,  Mfrnv,  heat 

Jonna.  Flaaorea  or  tinea  of  parting  in  rooks,  often  at  r^ht  angles  to  the  i^anes  of 
Btnttifleatlon.  The  partings  which  divide  columnar  b!u«;ilt  Into  prisms  are  joints. 

Jdsa  LnfBTOJfE.  The  limcstonca  bclonsrin"  to  tho  Oolite  Group  constitute  the  chief 
part  of  tiio  mountains  of  Jura  between  France  and  Bwilzerlaud  ;  and  hence  the 
geologiata  of  tiie  Continent  have  given  tiie  name  to  the  group. 

JCxmn.   A  German  name  for  a  member  of  tlie  Upper  New  Ked  Sandstone, 
bxinraan  Clst.  A  thlbk  bed  of  clay,  oonatitatliig  »  membet  of  the  Oolite  Qronp. 

So  called  because  it  la  fbnnd  well  de?eIoped  a(K]mmeiidg«,  in  tho  lale  of  Poi^ 

beoki  Poraetahira. 

LaooRsccK.  Belonging  to  a  lake,  Jlfirm.,  laew,  a  lake. 

IiSKAKTim.   A  living  species  of  the  herbivorous  Cetncca  or  whale  tribo  wliicli  Lnhab- 
its  tho  mouth  of  rivers  ou  the  eo«kits  of  Airica  and  boulh  America :  the  soa-oow. 
LaamximiooB.  Having  a  stmctore  oonaiating  of  thin  |datae  or  leaves  tike  paper. 

Fti/m.,  lorrxUa,  the  liminnttvr   fH^imlna,  plate,  nn  1  /,  r?,  to  V-rnr 
L/aaxM,  Latin  for  plate» ;  used  in  geology  for  the  sinailer  itiy«r«  of  which  a  stratum 
ia  frequently  oompoaed. 
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LunMLip.  A  portioikof  knd  tiitt  ]»•  lUd  down  ia  «OBMqoeiM»  cf  dbtariMBSi  If 
un  lurtbqaakft,  or  from  being  nodofftniaod  Iqr  valor  miliinf  niraj  tto  fcNNt 

beds  which  BupportP'l  it. 
IjuptDmcATioN.  lApiUi lying  prooou.   Convenitoo  into  stOM.  £^fm  ,  i^tpU,  tlUoM, 

•iid>l»,toinok«. 
Lapilu.   !<mnll  volcnnlo  cintleri*.   7>r/>/7/«#,  a  little  Ptonc. 
Lava*  Tho  stono  which  flowa  in  a  melted  atate  (torn  a  volcaao. 

a  genua  of  foosU  planto  of  ihoCoal  Ifonnm,  intennodiato  in  ehar* 

actcr  between  the  Lyoopodiuma  and  conifcrona  plants. 
LsvoTTK.  A  ftiinple  mineral  found  in  Tolconio  rooka,  cryatallizod,  and  of  «  whits 

color.   Etym,,  Xtwtof,  Urucoa,  white. 
Xua.  A  provincial  name  for  an  nr^ilhio*  *ih  Unoatooe,  diaracteriaodtofothorvitil 
msoc'iAU'il  l>otU  {jy  pccnliur  fossils,  and  forming  n  partioitlar  (loap  of  atntta^ 

intcrpoaed  between  tiic  Oolite  and  the  Now  Red  Sandatoae. 
LtoinpsBMa.  AtenaappliadtoiBaeotawUclidoatrovwood.  Jjtimk,2i0m««^wood» 

uiul  ptrdo,  to  destroy. 
•    LioNrrs.   Wood  converted  into  a  kind  of  ooaL  £t^m,  ^pakm,  wood. 

Lruooohi.  Mollnaoom  anintaLi  which  form  holea  |n  the  solid  rocka  in  wUoh  they 

lodge  themselves.   Tho  holes  are  not  perforated  mechanically,  but  the  rock  ap- 

peara  to  bo  di->s(>l\  c  l.   Jj;/m.,  Ai0*f,  Uihof,  ^^touo^aod        d^moif  to  boiU. 
LoBOOSKOCs  PoLvrs.   Aaiiaada  wiuoh  form  coral. 

LtTHooBAraio  Stoxb.  a  ilaty  oompaot  limeetone,  of  a  yeUowiih  color  and  fine  grain, 

lifted  in  lithography,  which  ia  tho  art  orcIra\\!ng  upon  and  printing ikomatOOO 
Mym^        '*^}  Btoao,  and  Yffo,graphOf  lo  write. 
Lmonuo.  Having  a  atony  atraetnro. 

LnnoLooicAL.  A  U  nn  cxprcsBing  the  stony  structure  or  character  of  •  mineral  mass. 
■\Ve  speak  of  the  litlu.'logical  chnractor  of  a  strattim  as  distinginshed  fVom  Ub 
zoulogicol  clmructcr.   i^Vyn».,  XiBof,  iUhos^  stoue,  and  Acyo;,  logo$^  di»«xtunie. 

LfmoniAoi.  MoUuaooQs  animala  which  ttnm  holes  in  aolid  atonaa.  Sao  **  lithodo 

mi."    F!;/>n.,  XiOoj.  lithns,  stone,  nn<l  ^aytti ,  j'hafriHf  tO  Cat* 
LmiortuTBS.  Tho  animals  which  form  Stouc-coral. 
Lmonau  Belonging  to  theahore.  £tym.^  Utttu,  the  ahore. 
Ix>AJf.    A  mixture  of  muiJ  unil  clay. 

LorHiooon.  A  genua  of  exUnoi  qaadrapeda,  allied  to  the  tapir,  n^ed  teom  ami- 
nencea  on  the  teeth. 

Ltcopoduce^.  Plant!  of  an  inferior  degree  of  orK'uni^atlon  to  Coniftm,  aome  ol 

which  they  very  much  rcsemblii  in  foliage,  but  uU  reocnt  *pc^i(»s  nre  infinitely 
amallcr.  Many  of  tho  fossil  species  are  as  gigantic  as  recent  Conifurae.  Their 
mode  of  rcprodnetion  b  analogotia  to  th^t  of  feraa.  In  KigUah  thoy  ai»  oaUod 
club-mos«cs,  e^cncrally  fuiiiul  in  mountainous  lauths  in  the  tfrtli  of  England. 
Ltdiam  Stonx.  flint/  ahite ;  a  kind  of  quartx  or  flint,  allied  to  Uomatone*  hat  of  n 
grayiah  hfawk  color. 

HacK'N'i.  In  Italy  this  term  has  been  applied  to  ftaiUoaooaaandatoaaaooictiniaaooii- 

Uiuuug  calcurt^ous  grains,  mica,  &c. 
MADnirosa.  A  gcnoa  of  oorala,  bat  ganendly  applied  to  all  tho  oorala  diatingiriahad 

by  HKp  rfi    I  't^ir-slifipcd  cavities.   There  uro  several  fossil  apcciea. 
Haomsun  Lulutvxk.  An  exteuaive  aeriea  of  beds,  the  geological  position  of  which 

ia  immediately  nbOTO  the  Goal  Maaanraa;  ao  called,  becaoae  the  limestone,  the 

principal  member  of  tho  aaiiea,  ooalaina  nndt  of  the  earth  nagnealAM  n  coo- 

stitncnt  part. 

Majuufeuoc!!.  Kammifcra.  Animals  which  give  suck  to  their  young.  To  thia  class 
aU  the  warm-Uoodcd  quadmpada,  and  the  CalaoBa,  or  whalaa,  belong.  J»ym., 

a  breast, _/VTf>,  to  bear. 

Mammu.i>.\bt.  A  surface  which  ia  atadded  over  with  rounded  pn^eetiona.  £ltgm»t 
tmmmiUaf  a  little  breaat  or  pap. 

lUjufOTH.  An  extinct  species  of  tho  elephant  {£.  primi^fnitu),  of  which  the  foaail 
bones  are  frequently  met  with  in  various  coimtriea.  The  name  is  of  Xaxtarori* 
gin,  and  b  used  in  Siborm  for  animals  that  burrow  under  ground. 

Iliiun.  (^oftheUtaooa,thaf«Mw,or]aiaaDtiBo(3Kdl«teiMiMlM^Uii.) 
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MAia.  A  mixture  of  day  md  lime ;  usually  soft,  bat  ftonieUniM  hard,  lu  wiiich  oaoe 
It  it  called  iDdonted  mart. 

ILuavriAT.  Asruxis.  A  tribe  of  qinflmpcds  liaring  a  ev.rV:  or  pr^tteh  under  tho  belly 
in  which  they  carry  their  ^oung.  The  kangaroo  i&  a  weil-known  example. 
Etym.y  martupium^  a  pane. 

HicTODox.  A  genna  of  fossil  extinct  qnadmpeds  allied  to  the  elephants ;  so  called 
ftom  the  fonn  of  tho  hind  teeth  or  grinders,  which  have  their  surface  covered 
with  ooniOAl  mauimillary  crests.  Etym,^  fiaoTOi,  meutot,  pap,  and  oimr,  odon^ 
tooth. 

HjfTRix.   ]f  I  :n.plc  miDcral  or  (khcll,  In  place  of  being  detached,  beStiU  flisd  In  • 

portion  of  rock,  it  is  said  to  be  in  its  matrix.  MatniBy  womb. 
Uaiaumeu.  Oiwiit,  Bocn  or.  Books  oompoood  ofMnd,  pebblee,  or  ftagmtnti,  m 

BO  called  to  dlstinf^nlHhtfaomftvmfboiOof  AofdlbtaciTBUlUiiettstii^ 

are  of  chemical  origin. 

A  genua  of  marine  radiated  atUmals,  witbout  sbeUs ;  so  called,  because 

thflfr  efgiaa  of  motion  spread  out  like  the  snaky  liair  of  the  febulous  Medusa. 
lCMAloairst*B.   A  fossil  gigantic  amphibious  nnim.il  of  tho  saurian  or  limd  and 

crocodile  tribe.   £ltyn».,  ftryoAf,  mtgalt^  great,  and  «a«pa,  rauro,  Uxard. 
Vmaihuiok.  a  Ibeall  eztiiiel  ^nedrapedf  naemUiflf  a  gifrmtio  doCh*  JUtyni., 

/jf/<i,  meya,  great,  and  Ptjpior,  thfrion,  wild  beast. 
M&LA^KA.  A  genua  of  HtsjunouxctuL,  an  order  of  exotie  plants  of  tbe  eveiigreen 

tree  ud  ahrabbj  kinds.      JBfym. ,  ptXat,  meta*^  black,  and  vrafia,  domOj  mondi ; 

because  tho  Aruit  of  one  of  these  i^pccica  stains  the  lips. 
MsaoTXTE.    A  Kimplc  mincml,  white,  un<l  needlo-ahspody  one  of  the  Zeolite  ikmil/y 

fret^ueutiy  met  v,iih  in  tho  Trap-ro«k6. 
Manmofgao  Bocks.  A  stratified  divitf on  of  hypogene  rocks,  highly  eijataUIne, 

such  as  gneiss  and  mica-pchist,  nnd  po  nnntcd  because  they  liave  brrn  fffftmaf  by 

plutonio  action.  Mym.^  ^cra,  meta^  trans,  and  fiop^n,  morphe^  form, 
Mmu.  .  A  rimple  mineral,  havlag  •  abliilnf  allvery  siuihoe,*aad  oapaUe  of  htUng 

f^plit  into  very  thin  elastic  leaves  or  scales.   It  is  often  called  talc  in  common 

lite ;  but  mineralogists  apply  the  term  talc  to  a  different  mineral.  The  brilliant 

scales  in  granite  are  mica.   £tym.,  mieo,  to  shine. 
Mica-aiATB,  MicA-SciuBT,  Micacxocs  Schibtcs.   One  of  the  mctamorphio  or  crjetal- 

lino  fttrntified  roek»  of  tho  hyf>ogene  elns<<,  whieh  \a  eharacterised  by  being  OOU- 

poecd  of  a  large  proportion  ofonica  united  with  quarti. 
IboomL  A  di^on  of  tertiary  etnta  Intervening  between  theSocene  and  FUoeeae 

formations  ;  so  ealled,  because  a  minority  of  its  fossil  shells  aro  refttlkle  tO  Iiv« 

log  species.   JQ^m.,  fttww,  m«ion,  less,  and  caivot,  taino$,  recent 
MotLaasB.  A  provinoial  name  for  a  soft  green  sandstone,  associated  with  marl  and 

conglomeialeB,  ttdongin;;  to  the  Miocene  Tertiary  Period,  extenaivety  developed 

in  the  lower  country  ot"  SwitzL  rhmd.    JEtym.,  Frcneh,  molf/',  wo^t. 
Mou.t'scA,  HoLLDScoca  AsiMAis.   Animals,  auoh  aa  sholl-tish,  which,  being  devoid 

of  lionea,  liave  aoft  liodieB.  Xt^.^  moUit,  eoft. 
UONAD.   The  MiiallcHt  of  vif^lble  aniintilonlc;,  spoken  of  by  Baffon  and  IlIaftBowen 

as  constituting  the  elementary  molecules  of  oiganio  beings. 
llMRina*  An  animal  of  the  aanrian  or  liard  tribe,  spedee  of  which  are  Ibnnd  in 

both  the  fbiril  and  recent  state. 
Mocaocom-FDONOT  s.    a  errand  division  of  tho  vegetable  kingdom  ("iiKludiner  palms, 

grasses,  Liiuccui,  «kti.),  fuundeU  on  the  plant  having  only  one  a/iyUthnj  or  seed- 

lobe.  JS^fm^  |MMt,  moitMf  aingle. 
MoxAiNK,  a  Swiaa  teim  tat  the  d^bria  of  roeka  brought  into  vaUeya  by  glaeimi.  Beo 

P.SS8. 

Meaonm.  A  qnadmped  resembling  the  eluunola  or  monntdn  goat,  from  whieh  the 

perfume  musk  is  obtained. 
MorsTAty  Ij-sttsrosr.,  on  rAitBOXincnous  LnrtsToN-K,    A  scries  of  limestone  strata  of 

marine  origtu,  usually  forming  the  lowest  member  of  the  Coal  Meosurcit. 

Mora.  A  termsppUed  in Soath Ameriea  to  mnd  poorsd  ont  from  vokanoee  dniiqg 

<*rtTp?ion?. 

Min.Tux>cvLAB.  Many-chambered;  a  term  applied  to  those  sheila  which,  like  the 
umtUna,  ammonite,  and  otherSf  are  divided  into  many  compartments,  JStym., 
mmUnt,  many,  and  IsshIm^  a  partition* 
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MoKiAts  or  Soda,   liic  scientific  name  for  common  culinarj  salt,  bccaoso  it  »  ooO 

poMd  of  tmufalle  Mid  and  ib0  itkili  soda* 
]fnuc£^.  A  faxaSiyot  tropiont  moaooofyladoooas  |il«ite,  indodinf  th*  banaiiA  and 

plimtains* 

Hvmbuxux.  a  UniMton*,  behmging  to  the  Upper  K«w  B«d  8a&drtone  group. 
Its  position  is  between  the  Magneaian  Limestone  snd  the  Lias.  Tbia  formation 

,  has  notyct  been  found  in  Enplnntl,  and  the  German  name  is  adopted  by  Eng-II^h 
geoiogi«tA.  The  word  means  ahtiU  Ume^tone.  £tf/m.^  mutekdf  shell,  and  kail- 
fliii^  UmeatoDc. 

Natbtba.  a  v  ery  thin,  volatile,  inflammable,  and  fluid  mineral  aabatanoe,  of  which 
tinrt  ve  springs  in  many  oo«tttiic%  pvtieidtfly  iB  irakanio  dhtriota. 

NxNUTBAB.   A  yellow  water-lily.  F.  618. 

Nbw  Bed  Sant^xsto^:.  A  formation  so  named,  bccanao  it  consbts  chiefly  of  sandy 
and  argillaceous  htruta,  the  predominant  oolor  of  whieh  is  brick-red,  bat  eon- 
tdaiiig portions  wLicli  are  of  asrseniah-gray.  These  oocor  often  in  apota  and 
etripo^,  to  that  the  series  has  someUmes  been  c-'!r  1  the  vancjfatcJ  fanJ^tone. 
Tliis  formation  is  divided  into  the  Upper  New.ii<:d  in  which  the-MaachelkaUc 
ialnfllndad,  and  flia  Lowar  N«w  Bed,  of  wUefa  the  Magncrin  Limeatope  b  a 
n)cmbcr. 

Monn.^.  A  rounded  irrQgu]ar<ahaped  lump  or  mass.  .£^^1^,  dimiautiva  of  aaiW| 

knoU 

HoMULGwnifa.  Oroapa of eartiin fodn takan aa a nila or ataadarl.  JBjifai., imt- 

ma,  rule  or  pattern. 

NcoLKOS.  A  solid  central  piece,  aronnd  which  other  matter  is  ooUeoted.  The  word 
ia  Lada  fiMrkernal. 

■  Himsiri.rrM.  An  extinct  pcnua  of  the  order  of  inolhiscc>ui  niilinals,  called  CepLuIo- 
poda,  of  a  thin  lenticular  shape,  internally  divided  into  small  chambczs.  Mj/a^ 
mMMMM,  Latin  for  mooagr,  and  hB»u  lUko*,  stone,  fhn  ha  laaamWaiiea  to  a 
•din. 

Obudian.  a  volcanic  product,  or  species  of  lava,  very  like  common  green  bottle 
glam,  whieh  la  alinoat  black  to  larga  maiaei,  bat  aaaat^ranaparaat  in  Udn  htg- 
monts.  Pumica-stono  is  obi^idian  in  n  frothy  state;  prodaced,  most  probably, 
bj  water  that  was  contained  in  or  had  access  to  the  melted  stone,  and  ooavtrtad 
intoataaaa«  Than  an  very  often  poitiona  ia  naaMa  of  aoBd  abaWaa,  wliiah 
an  pattiaQf  aoavariad  into  pnmioe. 

OcHWR.    A  yellow  powder,  a  combination  of  some  earth  with  oxide  of  iron. 

OoTOiAX  DxLvoK.  A  great  inundation  uicuLioui>d  in  fabulous  hiiitory,  supposod  u> 
b»va  taken  place  in  the  rdgn  of  Ofjrfos  in  Attica,  whoM  death  iaflxad  ia  BUHa 
Chronol'        Tables  in  the  year  1764  before  Christ.    Sec  p.  841. 

Old  Red  BAumt^nz.  A  formation  immediately  below  the  Carbouifcrons  Group. 
The  tana  Bevondaa  haa  been  neeatly  propoaed  fat  atnta  of  tUa  i^,  baeasea 
In  Devonshire  they  are  largely  developed,  and  oontala  maajaiyaaionataltMi. 

OtiQoci-ASK.    A  mineral  of  the  felspar  fiimily. 

OuviME.   Au  olive-colored,  6Cuii-traii»parvut,  Hiiaple  miii^nii,  very  often  occurring 

ia  the  fl»rm  of  graina  aad  of  aqratda  to  boialt  and  lava. 
OOUTE,  OoLrric.   A  limcJitone ;  bo  named  hceau«»?  it  is  composed  of  ronnded  parti- 

oIm  like  the  roe  or  eggs  of  a  fish.  The  name  is  also  applied  to  a  large  group  of 

atnta,  cbaraeteriaed  by  pcooUar  ftaaiia,  to  «hieh  fimaatona  of  thia  teatnn  ee> 

cur5.   Etym.^  w«v,  ooi>,  egg,  and  >i09f,  litkot,  stone. 
Otalukd  Wood.  Wood  petrified  by  sillceoua  earth,  and  acqniring  a  atmatanaini' 

ilar  to  the  simple  mineral  called  opal. 
OnuMDUs  RKPToaa.  Yartabnted  animals,  aoeh  aa  snakes  and  aatpeata.  JUj/m^ 

Qftf,  ofthu,  a  serpent. 

OaoAJtuo  BaiCACiia.  The  remains  of  animals  md  pUmta  (<$r^mud  bodies)  fbnnd  in  s 
ftaailalate. 

0*niO('KiiAT.\  or  Oktuocku.*:.  An  extinct  genus  of  the  order  of  molluscous  animals, 
called  Cephalopoda,  that  inhabited  a  long-ohambered  conical  shall,  Hka  a atniipDt 
hom.  £t]fm^        ortkM^  straight,  and  ciipac,  omu,  horn. 
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vMnoos  BuEogA.  The  oemocted  maw  of  fragments  of  bcuct>  of  extinct  animalft 

foond  Ib  mwm  and  fttimB.  Amdm  b  m  Latin  tt^jeotivQ,  tigidfyiijg  bony. 
OvnoLoGY.  That  division  of  anotomf  whieh  tiaiti  of  tbi  bones  $  ftooi  mtvw^  mI»* 

on,  bone,  and  Xaywf,  2o;^o«,  a  disconne. 

OoTUKBS.   When  a  portion  of  a  etratum  ocean  at  some  distance,  detached  from  tbo 
gwml  maM  of  the  fonnation  to  wiiich  it  belong,  ftoin>  ]  r .  ticai  guDond  mr 
vcyor<t  cnll  it  nn  ouilUr,  and  tlic  tcnn  is  adopted  in  g«<dogiMl  laDgtUfS* 

Otaxs.  The  shape  of  an  egg.  £tym.,  osvm,  egg, 

OvBooma.  Thobiyiiifof  tggB. 

Oxide,    nif  conibination  of  a  rnpUil  with  oxytren  ;  rust  is  oxiilo  of  iron. 

OxTssir.  One  of  the  constitaent  parts  of  the  air  of  the  atmosphere ;  that  part  which 

supports  lilli.  Vw  *  ftiClnr  «ipIaiiaitio&  of  tbe  word|  oonsidi  olemontsiy  woiki 

on  cihoniistry* 

Pachtdeuxata.  An  order  of  qaadniped»,  including  the  elephant,  rhinoci»'OR(  borae, 
,      dw.)  dtetfaisniBlisd  bjr  hsvinf  thiok  akias.  JV"**  ««XHt  JkmAm,  tlnd^  and 

itflta,  dtrrnij,  skin,  or  liiilc. 
FAanrmauuToos.  Belonging  to  PaohydemisU. 

FAUCMRnainc,  Pauonxn.  A  ftasU  estiiiol  qttadrnped,  belonging  to  tha  otdar 
FMshydermata,  ratembUng  a  pig,  or  tapir,  bat  of  gfwl  six*.  JB^fm^  svJkstsr, 

pftlaim.  ancient,  nnd  ihfrion,  wild  bcsst. 

Faucontojxiot.    Tlio  science  which  treats  of  foasil  rcinaiik»,  both  aiiiuiai  and  vegv- 
tsbte.  Btgm^  mJUiMr)  palaio$,  andant^  em,        bsinga,  and  UfVt  hgot^  a 

r?i'^'^''"rse. 

IhajkQUHf  Pklaoic.  Belonging  to  tbe  ik^  aca.   Eti/m.^  ptUtfu*,  sea. 

Tmamo.  An  IlaHan  naoM  for  s  p«rtieiilar  Idnd  of  ▼elcHiio  Toek,  fonaod  lik«  toff, 

by  the  cementing?  to^fitJicr  of  volcanic  snnd,  cin<lor^,  or  «»cori;p,  «fcc. 
PkntoLcrx.  A  liquid  niincral  pitch,  so  called  becoQse  it  is  seen  to  ooxe  liite  oil  ont 

of  the  rock.   £lym.,  petra,  rock,  and  otoim,  oil. 
BajKNooAxocs  or  rnAXKBooAMia  pLsms.  A  name  i^ron  by  lionmia  to  thoaa  pfauits 

in  which  the  reproductive  orpnns  arc  apparent.    Fhrm.,  fattptt, jpluuurt*,  avi- 
dent,  or  fatvm,phaino^  to  show,  and  }<«|io(,  ganum^  marriage. 
FlBMBMUf  FooM.  Gnnpi  Phkfnri,  or^thoBonitlldda."  Tha  eoaatijafovad 
Naplasf  soaittiiedbjthaQn^ilmnthattaosaof  ignaono  aotkn  ataiyvbara 
vlaibla. 

Pmsrotn*.  Baa  "Cl^kstoBO.** 

FmroAmu.  A  genus  of  foiir-wingod  insaolBi  tha  larva  of  vfaiab,  eallad  oaddls-* 

worms,  are  used  by  anglers  as  a  bait. 
Physics.  The  department  of  science  which  treats  of  the  properties  of  nirtural  bodies, 

laws  of  motion,  Ac. ;  sometimes  oallad  natnfal  phlkaoidiy  and  tnfdisntnsl  pfal- 

losophy.    Etyrn.,  ^v9n,  ph^fi^.  nature. 
Pbttoi/mt,  Pbttoumhuu   The  department  of  science  which  relates  to  plants— 

•ynonymooa -with  botany  and  bolMiioal.  A|mk,f»fs*v^dflM,  piairt^andWyH, 

h'j*'^,  ili^cniin^e. 

PRTTonuoocs.  Plant-eating.  Mj/m.^         fhi/Um^  plant,  and  fayut^  pkofdnf  to 

Pnoun.  A  stona  possessing  a  structure  Uka  an  agghitimtioli  of  poos.  Jtiflm*^ 

yrtvor.  pUon,  pea,  and  X»9n(.,  lifh<>$,  stone. 
Pbstia.   p.  818.   Tbe  plant  mcutioned  by  Molte-Brun  is  probably  the  Fistia  StnM- 

•  floating  plant,  related  to  English  duclcweoc],  Ixit  very  much  Isigar. 
PrrTn^-    Ordimoyooal;  oallad  ao^baaaoaa  it  k  obtainad  by  aihkiay  pita  in  tha 

ground. 

Titmnmtm.  Anekof  annifoimtastvi«,baloii|^^Brtotheviistiatlfledand'«al«^ 

classes,  which  ha.<i  an  unctuous  appearance  like  inJuratoJ  {<itch. 
pLasTtc  Clat.   One  of  the  beds»of  tlie  Eocene  Tertiary  Period ;  so  called,  l>ecjiQ80  it 

is  nacd  for  making  pottaiy.  Tif  fbrmatioo  tio  whioh  this  nana  is  applied  ia  a 

aariaa  of  boda  chiefly  ssoda,  with  which  tha  day  la  aaaodated.  Mifm^  vJkssvv^ 

pl(jg/>o,  to  form  or  fiushion. 
PUsrasAVBts.    A  foasil  extinct  amphi  bions  animal,  resembling  the  saorian,  or  lizard 

and  croooiUla  ty^ba.  ligm^  rtasisr, pMon^  naar to^  and  saa^r  aaaw, nliaarl 
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PuooK»x,  OiMssL  and  Kswxr.  Two  dlTisions  of  the  Tertiary  Period  which  ar^  Ute 
matt  nedan,  tnd  of  trbioh  the  largest  part  of  the  fhaall  alulb  aro  of  raoanfttpo' 
OiM»  .A|)im.,  irXtiwi',  jo2tftM,  more,  and  tatnt,  lainot^  recent. 

PtCToxit!  Acnox.  The  inflnonoe  of  voloanio  hut  and  other  aabtarxaneoD  ouaea 

under  pressure. 

PxxROino  Books.  Oranita,  porphyry,  aiid  other  igneoas  rocks  snppoaed  to  lam 

consoUdnted  from  a  melted  state  at  a  (jrcat  depth  from  llic  surfaco. 

VVLTTAMUi.  CoBAis.  A  namerous  class  of  invcrtebratcd  animals,  belonging  to  the 
gnat  dirialoD  called  Badiata. 

FtoPHTRT.  An  anstratifled  or  igncons  rook.  The  term  is  s«  old  as  the  time  r.f 
PiiDjr,  iSiA  was  applied  to  a  rod  rock  with  small,  angular,  white  bodies  diffosod 
through  it,  which  are  crystallized  felspar,  brought  from  I^ypt  The  term  ia 
henoa  tflfiliod  to  vnxf  tpccics  of  onstratified  rock  in  which  detached  orvstaLs 
cr  felspar  or  some  other  mineral  nro  diffused  throoghftbaae  of  othor  miiiMal 
composition.  Elym.^  vop^vpa,  porphyra^  pur{de. 

PoMiaim  laoRom,  PoBnaim  Kna.  A  acriaa  of  Ibnwlona  atrata,  baimiiiiiit  to 
the  upper  part  of  tho  Oolite  Group,  found  cliicfly  in  England  ia  the  Island  of 
Portland  on  the  coast  of  Dorsetahiro.  Tho  great  supply  of  the  boUdii^y^tone 
.  naed  in  London  teftomthesoquaniaa. 

PoizooLAXA.  Volcanic  ashes,  largely  usad  aa  mortar  for  buildinga,  similar  in  nature 
to  wbat  is  cftllod  in  this  country  Rf^fnnn  cement.  It  gete  its  name  from  Puiz^ioli, 
a  town  in  the  Bay  of  l^aples,  from  which  it  is  shipped  iu  largo  quiuitiii«s  to  ali 
paiti  of  lha  Madltananaan. 

PSBCtPTTATS.  Siibstanc ivlii^h,  havhi^  bccii  dissolved  in  a  fluid,  ore  separated  from 
it  bjr  oombining  chcuucally  and  foiming  a  solid|  vhioh  ialla  the  bottom  of  the 
flttid.  TUa  proceaa  ia  tba  oppoalta  to  thai  of  dMnlaal  aolntloB. 

PMstnqta.  An  extinct  genus  of  fossil  biv*alv«  aheUa  occurring  only  in  tin  oUar  aaa- 
ondary  rock*.   Ii  is  closely  allied  to  the  livjnsr  genua  Terehratula. 

VrfiBODAcrri..  A  ll^iug  reptile :  species  of  this  genu^  have  been  fouud  lu  the  Uolile 
and  ICoaehalkallc.  Bono  of  the  flbgeiwjointa  aro  lengthened,  so  us  to  serve  aa 
the  cxpnnsoi^  of  a  membranous  win;?.  Hcnec  the  noma  este^^ffN^mdL  JftjfaSi, 
wTifPtfUron^  a  wing,  and  iaxnXot,  daetyloif  a  ^ger. 

PmnaoBROB.  Tha  aolt  liairjr  down  on  inaaola.  .£^m.,  ^uiMce^  tho  flrat  giowtfa  of 
tho  beard. 

FcDDiKoaTOSB.   Scc  "  Conglomerate." 

FcxiCK.  A  light  spongy  bva,  chiefly  fclspathic,  of  a  white  color,  produeed  by  gases 
or  watery  vapor  getting  accesa  to  the  particuUff  kind  of  glassy  lava  cdled  obsidi- 
nn,  when  in  n  state  of  fusion ;  it  may  be  called  the  froth  of  melted  trokanie 
glass.  The  word  cornea  from  tho  Latin  name  of  the  stone,  fwmx, 

PossicK  Luuamaa,  Pcsbzck  Bam.  limestone  strata,  belonghif  to  the  Wealden 
Group,  which  intervenes  between  tho  Greensand  and  the  Oalito. 

pTBim.  (Iron.)  A  compound  of  sulphur  and  iron,  found  tuually  io  yellow  shining 
atTttab  like  bfnaa,'and  in  aUnoat  avery  rock,  atratifled  and  nmtzatifled.  Tha 
aliining  metallic  bodies  so  oAon  seen  in  eonnnon  roofing  alato  aia  a  &miUar  cx^ 
ample  of  th^  niirx^nil.  The  word  is  Grct-k,  and  cornea  from  nf^pyr^  fire;  bc- 
eause  under  parucular  ciroumstouoos,  ilio  stone  produces  spontaneous  heat,  sud 
oven  inflaaunatlan. 

PnMMERm  An  inatramant  ftr  maaaminig  intanio  dagitaa  of  iiaat. 

Qnannjiuira.  Tha  ordw  of  mammifetoos  animab  to  wnleh  tftm  hclaog.  Etym., 
(fuaJru.f,  a  derivative  of  the  Latin  word  for  tho  number  four,  and  maiMM^liandy 
the  four  feet  of  those  animals  bcinir  in  some  degree  usable  as  hands. 

QcA-QCA-TSBSAL  Bip.  The  dip  of  beds  to  all  pointa  of  the  compaaa  around  a  centre, 
aainthacaaa  of  tiada  of  lava  ronndtlia  eralar  of  avolflano.  JS^im^  fmi-fmi^ 
r«x««in,  on  every  side. 

QcikSTz.  A  German  provincial  term,  universally  adopted  In  aoientiflc  language  tor 
a  rimplo  Biinend  oompMad  of  pore  ^hu^  mr  earth  of  flinta:  roeh^yatal  iaan 

QlDAftT2iTK  or  QcA£Tz  Kooc  An  aggregate  of  grains  of  qaarfa^  aoraotimea  ^faswug 
into  compact  quartz. 
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Ked  Marl.   A  term  often  eppltpd  to  the  New  Red  SandHl^no 
Bmovukn.  A  Btraotnre  of  cro«w  linei,  like  a  net,  is  said  to  be  rotioulAted,  from  rtU, 
a  net. 

Bock  Salt.    Cominou  cnlinnry  salt,  or  murinte  of  aoda,  found  in  vast  Bolid  masses 

or  beds,  in  different  fonnation«,  extensively  in  the  Kew  Bed  S«nd«tone  forma* 

tion,  aa  in  Chesbire ;  taa then 4»U«d fwd^t. 
SonuL  A  term  allied  bj  qtunf-mtia  to  til*  npp«r  ftagHMiiliiyaad  dtompoa^ 

portion  of  a  mass  of  stone. 
BmoiAxru.  Animala  which  ruminate  or  chew  the  cad|  anch  aa  the  ox,  deer,  Ao. 

JQym.,     Lfttin  verb  mwiiw,  nMobif  tiie  Muna  thin^. 

SAocnAiioiD,  Saccbabixe.    When  a  otone  ha«  •  texture  reaemblinK  that  of  lo«f- 

Bugar.  2Sym.,  racxopt  sugar,  and  nlw,  tfwiW,  fbnn. 

BAXncsT  Akoue.   In  a  zigzag  line 

us  are  the  salient  anerlos,  "  Fi^lOQk 

6  b  the  ro-ent«riDg  angles. 
*  •J^imk,  tcMrtf  to  iMp  or 

l)ound  forward. 
Salt  Spbixo».  Springs  of  water 

eoatilning  a  large  quantity 

of  common  salt.   Thoy  arc  very  abundant  in  Chedhire  and  Wotwlllll1ll|<^  and 

raltnary  salt  is  obtained  from  them  by  mere  evaporation. 
SAKDdrroKx.  Any  stone  which  is  composed  of  an  agglatinotioii  of  gnim  of  sand, 

ivbollier  calcareous,  silioeons,  or  of  any  other  mineral  nafiim. 
Saitrun.    Any  animal  belonging  to  tho  Uflurd  tiibo.  Mj/wt^     f  i  ajiaid. 
Saxicavocs.  Hollowing  oat  stone. 

BoBiir  tt  often  HMd  tt  tynonymoot  with  date;  but  it  may  bo  vaiy  naefbl  lo  diaHn- 

grolsh  between  a  schistoso  ond  a  slaty  stracture.  The  liypogcno  or  pri:/j;:iy 
$chUt*t  as  they  are  termed,  anch  aa  gneiaa,  mioi(-sohist,  and  others,  cannot  bo 
split  into  an  indefinite  nnmbor  of  panAd  bmin*  lllto  mka  which  have  a  trno 
alaty  cleavage.  The  uneven  &chi»toHo  lajan  of  ttloa-aehlst  and  gneiss  are 
probably  Inyers  of  deposition,  wlii  li  I  nvo  «fa<iimed  a  crrutalline  toxtare.  8aa 
Cleavage."  Mjftn.,  ackitttu,  atiy.  Latin,  tlmt  which  may  be  split. 
Sflnnnoii  BooBi.  Bee  Sohbt.** 

ScoHi.B.   Volcanic  cinders.   The  word  is  Tjitin  for  oindor^ . 

SsAHS.  Thin  layers  .which  separate  two  strata  of  greater  magnitude. 

BaooMDiiir  SnuTA.  An  exteneive  aeriM  of  the  atratifiad  neto  whidt  compoaa  the 
emat  of  the  globe,  with  certain  aliatacters  in  common,  whieh  diatlngaiah  than 
from  oiiother  scries  below  them  eallad  pHmarp,  and  lh>m  a  third  aoriaa  abimro 
tlicm  called  Urtiaryt 

SacDLAk  BrntGEKATioK.  The  periodical  cooling  and  oenaottdatioa  of  the  globe  Ihrni 

a  supposed  originiil  state  of  fluidity  from  Lent.   Saculvm,  age  or  period. 
SaoDCSMTAaT  Bocxa  are  those  which  have  been  formed  by  their  materials  having  been 

thrown  down  from  a  atate  of  anapendon  or  eotntion  in  water. 
SxLSxrrE.   Crystallized  gypsum,  or  sulphate  of  lime— a  simple  mineral. 
BarTARTA.  Flattened  bolls  of  stone,  generally  a  lund  of  iron-stone,  which,  on  being 

split,  are  seen  to  be  separated  in  their  interior  Into  irregular  maaaes.  Etjfm,., 

Hpki,  inclosurcs. 

SammifE.  A  rock  usually  containing  tnucli  magnesian  earth,  for  tho  mo<;t  part 
nnstratified,  bat  sometimes  appearing  to  be  an  altered  or  metamorphio  stratifled 
rook.  Its  name  la  deiived  from  frequently  preMuting  contiaata  of  oelor,  Uke  the 
dkin  of  some  serpents. 

Bhalb.  a  provincial  term,  adopted  by  geologists,  to  express  an  indurated  alaty  day. 
Xtym.y  German  tchaUn^  to  peel,  to  split. 

Bbei.!.  Marl.  A  deposit  of  clay,  peat,  and  Other  anbataBoaaniiadiHlh  ahelia,  whiah 

collects  at  tlso  bottom  of  lakes. 
Saciouc.  The  loose  Mid  completely  water-worn  gravel  on  the  sea-shore. 
Sun.  Tho  name  of  one  of  the  pata  aaitha,  bataigtbaXatin  word  Ibr^Kii^  wUok  Ja 

iMtf90ittf9mdct1ibtAuxt^  ntoah  gookflita  have  appUtod  il  aaagaMria 
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name  for  all  minerals  e<mipaMd«iitiSBl7of  that  Mlt]^<tf«iUdltiMrallMI■^ 
of  different  external  forms.  • 
BmcA.  Cm  of  ih«  pnm  cutht.  JS(^,tiIiag^iiiit»befltm6Aaidia|]i«fcni^^ 

SlUCATB.  A  cbemlc.ll  componnd  of  ^ilicn  and  anothtf  mhttaNiit  WOtth  M  ff1**fW!t  Of 
iron.  Consult  elotueutary  works  on  cbemistiy. 

BmaBom  Ofor  belonging  to  the  etith  of  flSnt  jSS^mt.,  vbidi  «et.  A«li«o* 
on  mok  is  one  mainly  eomposed  of  sUex. 

SrLicmKn,    Any  Hubstanco  that  is  pe'rififl  nr  Tninortili/«'l  \>y  MiU<Youi  earth. 

Silt.  The  more  comminuted  sand,  ciuy,  anu  earth,  whicii  w  transported  hy  runiung 
wM«r.  It  to  <rften  ■eeanwlrted  hj  eumits  in  banks.  Hun  tiio  mootli  of  m 
river  is  lilted  up  when  Ita  oatVMioo  Into  the  M* is  impeded  Iqr  endi  M)eam«b> 
vion  of  looso  materials. 

flnms  MnmsL.  IndivUnd  miiMral  •nbetuees,  m  distinguished  fttn  •mkiy 
which  Uut  are  nsually  an  aggregation  of  simple  minerals.  They  are  not  simpto 
in  regard  to  their  nnture ;  for  when  subjected  to  chemical  analjuis,  they  are 
found  to  couhitit  of  a  variety  of  different  substances.  Pyrites  is  a  simpio  uiin- 
enl  in  the  eense  we  use  the  term,  but  it  is  a  idiemiod  eompoond  of  snlpdiiir  and 

8iKT£it,  Calcakeoto  OB  StucEocs.   A  German  name  for  a  rock  prcoittated  from 

nhieral  vaten.  Jtjrm.,  $inter»y  to  drop. 
Slate.  See    Cleavage"  and  '« Schist." 

BoUTATABA.  A  Tolcarao  vent  from  wiiich  aulphaxj  snlphuraoBSi^  watoiy,  and  add 

Tapors  and  ga^es  are  emitted. 
SiOKVtn.  The  reprodnetoiy  oorpoMnla  (niimto  l^ea)  of  tgjptagtaaSo  fteita* 

Blym.,  «ir»fa,  upon,  a  seed. 
Stalaotitx.  When  water  holding  lime  in  solution  deposits  it  as  it  drops  from  the  roof 

of  a  oaTem,  leaf  rada  of  atone  hnf  down  like  Setdea,  and  theae  an  ealled  sta^ 

Uid'ilfx.    Kti/m.,  ffraXiisw,  $f'ili:o.  to  drop. 
8ta2ju>]Utx.   When  water  holding  lime  in  solution  drops  on  the  jBoor  of  a  cavern, 

the  water  evaporating  ]«am««r«it  «ompoMd  of  layers  of  limeatone ;  each  a 

crust  is  call ed  sMafmiUf  fkom'ffralUyyw,  sfafayaM,  a  drop,  in  oppaaitiMi  to  tt^ 

?^rfi7i',  whioh  sec. 

Statical  1?'ioi'kk.  Tiie  figure  which  rMults  from  the  e<juu;Drium  of  forces.  From 
•ram)  ste^os,  stable,  or  atanding  atill. 

STElua'it.   The  breast-bone,  or  the.  flat  bone  occupying  the  front  of  the  chest, 

STiLBrrE.  A  crystallised  aimple  mineral,  nsnally  white,  one  of  the  Zeolite  funiiy, 
freqnently  Indnded  in  the  mass  of  the  Trap-rocks. 

SntATxraen.  Bocks  an^gcd  in  the  form  of  str  ata,  w  hich  see. 

RTKATmr.^TiOK.    An  Brrang-ement  of  rocks  in  tlrata,  which  9ve. 

Stkata,  Stkatvk.  The  torui  stratum,  dfiriveU  froiu  the  Latin  verb  tinta^  to  strew  or 
lay  ont,  UMUM  a  bed  ormaaa  of  mattur  apiead  ont  OT«r  a  oertnn  Mffftea  by  ttiA 
action  cf  wntr-r,  or  in  some  ensues  by  wind.  The  deposition  of  fsnccc^sive  layers 
of  sand  and  gravel  in  the  bed  of  a  river,  or  in  a  canal,  aii'urdjs  a  perfect  iUoa- 
tmtion  both  of  tba  form  and  .origin  of  abatiAeation.  A  large  poHion  of  the 
masses  constltutinL,'  the  earth's  crust  are  thus  strstifled,  the  successive  strata  of 
a  given  rock  preserving  a  general  parallelism  to  each  other:  bat  tlio  pianos*  of 
stratification  not  being  perfectly  parallol  throughout  u  great  extciit  like  tlte 
plancis  of  c/.'avti'je,  which  see. 

Smnxr.  Tha  diroetion  or  line  of  beanng  of  atmta,  whioh  ia  ■l«i|B.at  t^fbm 
to  their  prevailing  dip. 

Stofm.  Jets  of  steam  issuJng  tmn  ibsnree  in  Tdeanie  rsgiona  at  a  tmanwalam 
oAcn  above  the  boltiiijij  pohit. 

SvuJ^J^viKSM.  Low  hills  which  skirt  or  lie  at  the  foot  of  the  great  chidn  of  Xhi 
Apenninw  in  Italy.  The  term  Subapennine  is  applied  geologically  to  a  scries  of 
strata  of  the  Older  I'li  ocene  Period. 

SrxxiTE.  A  Jdnd  of  gxaniie;  ao  called,  beoawn  it  traa  bmnglrt  Aoni  flgrana  in 
Egypt. 

Taixs,  When  fnif  nients  arc  broken  off  by  the  action  of  tiic  weather  from  the  fiiee 
of  a  steep  rock,  aa  they  aooomulate  at  ita  foo^  they  form  a  sloping  lieapt  oaUail  n 
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talas.    Thfi  terra  is  borrowed  from  the  lonsniaiBrc  of  fnr» ifi^^rition,  yfhtTO  talut 
means  tho  outside  of  a  waU  of  vliicii  tho  thickness  is  diiuiutitbed  by  degrM»|as 
'  ItTlBwinheightytoiiMlteittlieiniiir. 

T*s«.  The  feet  in  inMOtai  irMoh  iM  tvlieaktad,  and  ftnned  of  Ave  or  a  1«m  imm- 

bcr  of  joints. 

TntTiABr  Strata.  A  series  of  scdimentazy  rocks,  wtth  dMnoters  which  distingnish 
then:  ]  r  II  two  Other  gicstaeriM  of  stnto— tho  MooiidH7  md  priauar-HpJiioh 

lie  l>^n(a(h  them. 

TsmrACKA.  Molluscous  aoinuJs,  h&viog  a  shelly  covering.  M^m.^  U$ta^  aeheU,  such 
OS  moib}  wbelkt,  oytterf,  Ae. 

TkAti-ooKN?.  A  cla>s  of  flow  erU-ss  phmts  includinf:  all  tViOhO  thnt  hnvo  no  defined 
Axis,  stouif  or  loaves;  as  lichens,  Seaweeds,  and  Fun;;:!.  Js^u.,  ^aXX«(,  ihiiUMf 
ft  bnndi,  o&d  ymvti,  ^WMvit,  Jnerene. 

Tnoquuu  HoC  £tifm.,  Stpfiot,  thennot,  hot. 

THKRMO-ELEcnurrTY.   THectrv^ity  'IcvclopeJ  hy  licut. 

Tmx  Oct.  When  u  strutuiu,  in  tho  course  of  its  {>rolougutiun  in  nny  direction,  be- 
comes ffroduolly  lem  in  tUokneiSytlio  two  surfaces  approach  nearer  and  nanw; 
ond  when  ot  la^t  they  meet,  the  stratom  is  said  to  tliiii   ■  *  nr  disappear. 

TkicaYTK.  A  variety  of  lava  essentially  composed  of  glassy  fui^^par,  and  frequently 
havlnf  detached  crystals  of  ftlspor  in  tho  boao  orbody of  tlio  stone,  giving  it  tbo 
structure  of  porphyry.  It  sornctimcs  cotit.iin3  hornblende  and  augitc;  and 
when  these  lost  predominate,  tho  trachyte  passes  into  the  varieties  of  trap,  called 
Oreonstone,  Bas^t,  Dolorite,  &c.  The  term  is  derived  from  rpax«{,  traekut^ 
rough,  booiwM  tin  roek  has  a  peculiar  roogh  feel . 

Trap  ond  Tratpean  R<vk-«.  Volcanlo  roi  ks  composed  of  fclsjmr,  nii£rite,  and  horn- 
blende. The  various  proportions  and  state  of  aggregation  of  these  simple  min- 
einte,  and  diflbreneea  in  oxtoraal  fttnw,  fhro  iiwto.vaiieCiea,  wliidi  haTOteeriTed 
distinct,  appellations,  such  as  Basalt,  Amyudaloid,  Polorile,  Greonj^tone,  and 
others.  The  term  is  derived  from  trappa,  a  Swedish  word  for  stair,  because  the 
roeka  of  thii  oUum  sometimeB  ooeor  in  bige  tabular  maases,  riaing  one  abo'vo  an* 
other  like  steps. 

Tbavkbtik.  a  white  concrctionarv-  limCHtouc,  UBUally  hard  and  senii-orjsttvlline, 
depottitcd  from  the  vvuler  of  springs  holding  liuio  in  solution. — J^ym.  This 
atone  waa  called  by  the  ancients  Lapis  TSbortinoa,  the  atone  being*  fonned  in 
great  quantity  by  the  river  Anto,  at  Tihnr,  near  Rome.  Some  anppoee  tmvertSn 
to  be  an  abbreviation  of  traaterverino  iVom  transtiburtinus. 

Tupou.  The  ntune  of  a  {>owdernaed  fer  polIaUng  metala  and  Monea,  ilrst  imponed 
from  Tripoli,  which,  us  well  as  a  certain  kind  of  fllioeous  btono  of  the  same 
name,  has  been  lately  found  to  b^  oomposed  of  the  flinty  ^asos  of  Infusoria. 

TBoriu,  of  Insects.  Organa  wliieh  ibrm  the  month,  oonalaling  of  ui  upper  and 
under  Up^  and  eompriaing  the  parts  called  mandSbles»  maiilTai,  and  polf^ 

TmrA,  Calcarkous.  A  porons  roek  deposited  by  caleareous  waters  on  their  oxpoeuro 
to  tho  air,  and  osuolly  coutaiuing  portions  of  plants  and  other  organic  snbstancea 
ineroated  irlih  carbonate  of  lime.  The  more.ooUd  Ibrai  of  the  iamejdepodt  ia 
called    travertin,'*  into  whioh  it  paaaea. 

TtWA,  YoLCAxio.  Seo^^Tafl." 

TuTAoeouB.  A  rook  widi  the  texture  of  tnlf,  or  tttfl^  wbiohaee. 

Tonr,  or  TcFA  Volcakic.  An  Italian  uanio  for  a  variety  of  volcanic  rock  of  an 
earthy  texture,  seldom  very  compact,  and  composed  of  an  aggiatinatton  of  fti^ 
ments  of  scoriaa  and  loose  materials  ejected  from  a  volcano. 

TmoMssD.  Shells  whiehliave  a  apinl  or  aorair-ibRn  almetnre.  JljiiNk,  htriima- 

tus,  made  like  a  top. 

TxraaiurB.  An  extinct  genus  of  eliambered  ahells,  allied  to  tho  Anmionites,  Laving 
the  aiphnnele  near  tfie  dorsal  margin. 

OwxMcronMAai.a.  See  *' Conformable.*' 

TTiionnnKD,  Ui^oxmamn.  Not  combined  with  oxygcu. 

VnjKB,  ^fivrp^T.  Craeks  in  rocks  filled  u[)  hy  fabstances  different  from  tho  rock, 
which  may  either  be  earthy  or  metallic.  Veins  are  sometimes  many  yards  wide; 
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and  thej  ramifj  or  br&Dcb  off  i&to  innumerable  smaller  parta,  often  aa  alendet 
•aUtMada,  like  tiie  yinm  la  an  Mifmal,  hme  tiidr  name. 
VmuBaBD  Ammaij.  a  great  division  <rfth6  animal  kii^om,  including  all  thoM 

which  are  furnished  witii  a  back-bone,  m  tlso  tuammallu,  birJs,  reptUcis,  and 
fisiiea.  The  separate  joints  of  the  back-bone  arc  callud  v^riiilra,  trom  ibe  iMtia 
v»rb  Mfia,  to  tunsu 

Vasici^  A  small,  circular,  Inolosad  apaoa^  like  a  little  bladder.  £l§m^dSulnaidn 

of  tmeOf  Latin  for  a  bladder. 
VmrttiuuKur.  The  eonvenion-of  a  body  into  glass  by  heat. 
VOLOANio  Boifffls.   Volcanoes  throw  oat  sometimes  detached  masses  of  molted  lavSf 

which,  as  tlicy  fall,  sMume  roondod  forma  (like  bomb-aheUa),  and  are  olteti 

olongutcd  into  a  pear-shape. 
VoMsmo  Foci.  The  sabterraneon  centres  of  actioa  In  voloanoei,  where  the  lieat  ia 

Bupiwaed  to  be  in  the  higheat  dcgiM  of  eoamj. 

Wmu  a  rock  nearly  dUed  to  haaalt,  of  wUeh  It  may  be  regarded  ae  a  aoft  and 

earthy  variety. 

Wabt.  The  deposit  of  muddy  waters,  artificially  introdooed  into  low  landa.  See 
p.  8S6. 

ZzouTE.  A  family  of  siinplo  niiiicrals,  including  stilbite,  nicsotj'pe,  anulclrae,  snH 
some  others,  usually  found  in  the  trap  or  volcanic  rocks.  Some  of  the  roodt 
oommon  Tarietiea  swell  «r  b<dl  vtp  when  expoeed  to  the  hlow>pipe,  and  heneo 
the  name  of^tw,  s<i\  to  boil,  and  XtBof,  l'Uho$^  stone. 

Zooranxs.  Corals,  sponges,  and  other  aquatic  animals  allied  to  them  \  so  called  be 
onvao,  while  th^aretho  luthitatioa  of  anlmala,  they  are  And  to  the  ground, 
and  have  tfao  Ibrai  of  plaati.  jOumi  ^m^^       aniaia],  and  ftnm,  jfi^tflt^ 


Digitized  by  Google 


INDEX. 


A. 

Abicb,  M-,  on  eroption  of  Y«*nTla»  a  18S4, 

878.  8S0,  SaL 
Abo,  btl, 

AcostacTtcd,  4W,  502, 

Adam^  Mr,  on  foasil  elephant,  S(L 

Adanson  on  aco  of  the  baobab  tree,  i22. 

Addison  on  Uurnot's  theory,  2)L 

Adlgc  embankment  of  the,  2Z>5> 

 ,  delU  of  the,  2iL 

Adour,  tL,  new  passa^re  formed  by,  88S. 

Adrla,  formerly  a  seaport, 

Adriatic  deposits  in,  JW,  8S,  TL  2^  UL 

^Kean  Sea,  Prof.  E.  Forbes  dredslns  In,  612. 

Africa,  (omU  shells  oC  mentione*!  by  ancient's  liL 

 ,  indigenous  quadruiieds  ol^  8^ 

 ,  heat  nuliated  by,  fii. 

 ,  currcnU  on  coaat  of,  292^ 

 ,  drift  sands  of  deserts^^ 

devastations  of  locusts  in,  tSlL 

strata  forming  off  tropical  coast  of,  774. 

 ,  desert  of  its  area,  filLL 

.Agaieiz,  M.,  on  fish  of  coal  formation,  IBfi. 

 ,  on  abrupt  transition  IVom  one  fossil  fauna 

to  another,  1^ 

 ,  on  motion,  <S»r.,  of  glaciers,  224.  224. 

Acrieola  on  fossil  remain\  2L 

Alrthrcy,  fossil  wbalu  found  at.  771- 

AUbatn'o,  coal  plants, 

Alaiika,  volcanoes  in,  852. 

Aldborough,  Incursions  of  sea  «t.  21L 

Aldcrney.  race  of.  'JliSL 

Aleutian  Isles,  eruptions,  Ac,  in,  85S. 

Alexandria,  tempio  of  Serapls  at,  hl± 

Alzfp,  known  provinces  oC  BIT. 

Allan,  Dr.,  on  coral  in  Mada«;ascar,  77S. 

Alloa,  whale  cast  ashore  at,  771. 

Alluvium,  imbed<ilng  of  ur^lc  remains  In,  ISO. 

 ,  volcanic  SUG. 

 ,  stalaztnltc,  altematlog  with,  in  cavea,  134. 

Alpa,  Baussuro  on  the,  45. 

 ,  tertiary  rocks  of  the,  112. 

 ,  greatly  raised  during  tertiary  epoch,  124. 

 ,  t\gn»  of  lateral  pressure  in  tiio,  171. 

AIU>red  rocka,  IIL 

Amazon,  K.,  land  formed  by  Its  deposita, 

 ,  animals  flcited  down  on  drift-wood  by,  filfi. 

America,  its  co&Ht  undermined.  .S.S1. 

 ,  recent  strata  in  lakes  of,  '.y>t,  76^. 

— ,  speciOc  di^tinctnes«  of  animals  ot,  612. 622. 

 ,  domci^tlcAtcd  animals  run  wild  In.S^fiafi. 

 ,      continuous  beds  of  coal  In,  1 KV 

— S  N.,  deposit  "New  re<l"  like  English.  liS. 

 ,  N.  and     mammiferoos  (auna  of, 

Ammonia  in  Ia>  a.v  ■V>0. 

Amonoosuck,  flood  in  Talley  of,  ififi. 

Am^re,  M.,  on  electrio  currents  la  the  earth, 

Amphitherluni,  In  oolite  of  Btonesfield,  188l. 
Andes,  chan^ces  of  level  In,  Ifii. 

 ,  helRlit  of  p«'rpetual  snow  on,  112. 

 ^1  volcanofS  oC  .S46 

•  ,  8u<lden  uplieavsl  ol^  170. 

 ,  signs  of  lateral  pressure  in,  171. 

52 


Ande«ite,  rock  described,  847. 

Anjdospennous  plants  wanting  In  older  roekB, 

m 

Animals,  extinction  ot,  IQQ. 

 ,  quantity  of  food  required  by  latge,  82. 

-——^Lamarck  on  production  of  new  organs  In, 

 k  Imported  Into  America  have  run  wild, 

6S5.  685. 

— — v  aptitude  of  some  kinds  to  domestication, 

— — ,  hereditary  Instincts  of,  523. 

 i  domestic  onalitics  oi,  692, 525. 

 .  their  acquired  habits  rarely  transmissible, 

695.  600. 

 ,  cliauKce  in  brain  of  foetns  In,  fi£!2. 

 ,  plants  ditfused  by,  633. 

— ,  tlieir  ftoographlcal  distribatlon,  78,  IL 
mifcrations  of,  605. 

 ,  canoes  which  determine  the  stations  ot, 

66«J.  en? 

 ,  intlnence  of  man  on  their  distribution,  6S2. 

 ,  f.wwil,  in  iMjat  caves,  Ac,  722,  725, 730,  782. 

741).  il/lL 
AinoTK.,  flood  of  the.  212. 

 ,  travertin  formed  by,  24L 

Anoplotberium,  fossil  of  Isle  of  Wight,  149 
Antarctic  circle  area  still  unexplored,  82. 
Antwerp,  sunk  region  near,  2^ 
Apennines,  their  relative  age  119, 124. 
Aphides,  account  of  a  shower  oip^ilL 

 ,  their  mnltlpllcatlon,  67:<. 

Aqueous  causes,  supposed  former  intensity  of^ 

153. 

 ,  their  action  described,  128. 

Aqueous  lavas  description  oi;  874,  835j  123. 
Arabian  GiilfflllinR  with  coral,  Ilil. 
Arabian  writers,  li 

Aragn,  M.,  on  Influence  of  forests  on  climate, 

nh. 

 ,  on  solar  radiation,  127. 

 ,  on  level  of  Mediterranean  and  Bed  Sea. 

 ^1  on  formation  of  ground  Ice,  22L 

Araucanian  tradition  of  a  flood,  4fi!L 
Araucaria,  flr  In  coal,  SS. 
Arbroath,  houses,  dec,  swept  away  by  se*  at,  802. 
Archlac  M.,  ^ 

Arctic  fauna  extended  farther  south  than  now, 
125. 

Arduino,  memoirs  of,  iL 

 ,  on  •ttbmarino  volcanoes,  41,  Tl. 

Areas  of  elevation  and  subsiclence  proved  bj 

coral  if^lamis  Ii£L 
Arlstarchus,  IM- 
Art»totl«,  opinions  of,  12. 

 ,  on  spontaneous  generation,  22. 

— — ,  on  deluge  of  Deucalion,  856. 
Arkansas  R , 
 ,  floods  of,  2I1L 

Arso,  volcanic  eruption  ol^  in  Ischia,  805. 
Artesian  well  at  Paris,  temperature  of  water. 

 well,  at  Fort  WllUam,  near  Calcutta,  i5SL 

 well  la  delu  of  Po,  25L 


L.y,.,^..d  by 


818 


INDEX. 


Aiteslftn  wells  near  London, 

— —  wella,  pbcDoincM  broogtit  to  light  by,  288. 

Arre,  Mdltncnt  Iran.^portoU  l-y  tho,  2it3i. 
— ,  wctlon  of  dvbri«  de|>o^iU>d  by,  1JS9. 
AscensloD,  IsIaoU  ol^  bounded  by  lofty  Bboros, 

en. 

— — ,  to»\\  ecin*  of  turtle  from,  771. 

Ashes  vi)lr»nlc^  lnui»ported  to  great  diataaoea, 

]()«,  H49. 
Asia,  Bubjoct  to  eartbnuakea,  8. 

 ,  roant  of,  change*!,  IS. 

■  ,  causes  of  ostrcine  cold  of  part  ot,  9^ 

 Minor,  piln  of  land  on  coast  of,  2iiiL 

 ,  We«t<'rn,  pTt«at  cavHy  In,  BiH. 

AsN  wild,  <VK  tbi 

Aslruc  on  Dolta  of  Rhone,  858. 

Atcbafalaya,  K.,  t&L 

 ,  drift-woo<l  In,  iSL 

Atlantic,  mean  depth  of.  IM, 

 ,  lU  relative  h-vcl,  'J&L 

 ,  rise  of  the  tide  In,  £»i 

,  absence  of  coral  n-ffa  in,  79ft. 
Atlantis,  submersion  oC  iL 
Atolls  de»crib<<d,  rjC^ 
—,  theory  of,  Mr.  Maclaren'a  objections  to, 

122. 

Atrio  del  Cavallo, 

Aub«naa,  Hssurcs  filled  with  breccia  near,  741. 
Austen.  Mr.  H.  A.  C,  on  sborea  of  Kogllsh  Chan- 
nel, aifi. 

 ,  on  new  strata  formed  in,  .^41. 

Australia,  animals  of.  liiS.  ibL 

 ,  coral  r^'cfs  of,  7'C,  iH4. 

—,  land  ({uadru|»eds  CM. 
Auvcryrne,  salt  springs  in,  'ii'j 

 ,  carbonic  acUl  (ns  discnifageil  In,  HAS. 

 ,  Mate  of  in  tertiarj'  [»erlod.  lii 

 ,  fossils  la  voU'anlf  a.siiea  of,  »49. 

 ,  volcanic  rocks  of,  4i 

 ,  tertiary  nil  marl  and  sandstone  oi^  12^ 

Ava,  fosslU  oC  ^ 
Avuntlpnra,  In  Cashmere,  7<a. 
Avernu*  lake,  8<>iv 

Aviceniia  on  cauM>  of  monntalns.  U. 
Axmoutb,  great  landslip  near,  SiL 
Azores,  icebergs  drifted  to,  IflL 

 ,  volcanic  line  from,  to  central  Asia,  851. 

 ,  aillceoua  springs  o^  ^tMx 


Babbago,  Mr.,  on  the  coast  near  PuzznoH,  fiQL 

 ,  on  Templo  of  :»erapis,  &1L 

 ,  on  expansion  of  rocks  by  heat,  fifii, 

Bachman,  Mr.,  on  birds,  (tiA,  't>44. 

Bacon,  Lord,  cited,  '*>.')■ 

Baden,  ffi-|isoous  springs  of,  24Sl 

Baflln's  liav,  icebergs  in,  JitL 

Bagnes,  valley  of,  bursting  of  a  lake  in  the,  21SL 

Balw,  changes  on  coast  of  the  bay  of, 

 ,  ground  plan  of  the  coast  of,  uo7. 

 ,  sections  In  bay  of,  50\  .Mil 

Baker,  on  Caspian,  mud  volcanoes  at,  44^^ 
Baker,  Lieut,  on  fos«il  quadrumaua,  LtL 
Bakewell,  Mr.,  on  formation  of  soll\  Ttri>, 

 ,  on  fall  of  Mount  Orenler,  7:<-^. 

Bakowell,  Mr.  Jun  .  on  Falls  of  Niagara,  21L 

Baklo  locli,  churn-  foiwii  in,  7tl7. 

Baku,  inflammable  gas  oC  IL 

Balarur,  tht-rmai  waters  of, 

BoldaMttrl.  on  t^lenese  fossils,  Si. 

Balize,  mouih  of  .Mi.v.is-lppi,  272. 

Baltic  ^ea,  lowering  of  level  of,  .Vio. 

 ,  drifting  of  r«  cks  by  Ice  in,  "m^  22L 

 ,  currents  on  Its  slioreis  itto. 

Banks  of  Mississippi  higher  Uian  alluvial  pUim, 

Bat>bab  tree,  its  size,  probable  age,  &c,,  42-2 
B«rba<loes,  rain  diminished  by  lulling  of  luresto 

In,  in. 
BMTen  I.nland  descrit>ed.  447. 
Barrow,  Mr,  on  a  bank  formed  In  acn  by  locusts, 


Barrow,  Mr.  Jan.,  on  the  Geysers  of  Iceland,  2iZ 

Barton,  Mr.  on  ^grapby  of  planta,  CI 2. 

Basalt,  opinions  of  the  early  writers  on,  7L 

Batavla.  effects  of  earthquake  at, 

Baton  Kougc.  in  Louisiana, 

Bay  of  Bengal,  its  depth,  recent  depoalts  In, 

BavAeld,  Copt,  on  geology  of  Lake  Superior 

 .  c«n  drifting  of  rock  by  Ice,  glL  8Ml 

 .  on  bursting  of  a  i>eninsuln  by  L«kc  Eric, 

 ,  on  earthqoakes  In  Canada,  47a 

B««che«,  raised,  1>4. 

Bcachey  Head.  ML 

Bears,  once  numerous  In  Wale^  6S3. 

^— ,  black,  migrations  of^  fjdL 

 ,  drifted  on  lc«,  fiI2. 

Beaufort,  bir  F.,  on  gain  of  land  In  Atin  Minor 

— ,  on  rise  of  tide*.  ML 
Beaumont,  M.  Elie  de,  gvologlcal  map  of  France, 
12L 

 .  on  pentagonal  network  of  mountain  chaiaa, 

llij. 

 .  Ills  theory  of  contomp<iraneoDs  origin  ol 

IHirallel  mountain  chains  considered.  l&L 

— ,  on  structure  and  origin  of  Etna,  400.  41& 

•  ,  on  san<i-4lunes,  !i»>'. 

 ,  on  inroads  of  sea  in  Holland, 

Beaver  once  Inhabltol  i^cotlsnd  and  Wale«s 

 ,  fossil  In  I'crtlishlre,  lii 

 ,  lake  formed  by,  in  New  Brunswick, 

Beche,  hlr  IL  de  la.    J><v  Do  la  B«cb«. 

Bee,  migrations  of  the,  uW 

Beochev,  Capt.,  upheaval  of  Bay  of  Concepdori, 
.V>0.  ' 

 ,  on  drifting  of  canoes.  Cid'l. 

 ,  on  temiile  of  Ips.inibul.  '-iT. 

 ,  on  coral  lsland^        7'»'i,  7>7. 

•  ,  on  changes  «if  level  in  Faciflc.  liSL 

 ,  on  dead  coral  in  Kllzabeth  Island,  12^ 

Ikila,  in  India,  mud  volcanoes.  449. 

lielcher.  ^Ir  K.,  on  upheaval  of  Conception,  .VtO- 

 ,  on  strata  forming  off  coast  of  Africa,  IIA, 

lUll.  Mr.  on  the  I>og.  iaS. 

Ik'll  rock,  stones  thrown  up  by  storms  on,  SiH^ 

Belzoni,  on  temple  of  Ip^ambut, 

 .  on  a  HockI  of  the  Nile,  7 .'A 

Benin,  currents  in  Bay  oC  '£il^ 

Ik-rard,  M.,  on  deptli  and  temperature  of  Med- 

ilerranean,  afttLitJiJi. 
Berkeley,  on  recent  origin  of  man.  IM. 
Bermudas,  only  coral  re«f  far  out  in  AtJnntic, 

 .  coral  recA  of  tb«;  77C  ITflt 

IWwick  citetl.  aifkM^IA 

BhooJ,  in  Ciitcli.  destroyed ^ «ttttaik%  Jfik 

 ,  volcanic  eruption  at, 

Ill<  i>  lUtsch  formed.  8SiL 

itigsby.  Dr.,  on  North  American  lakes, 

Itlnls.  diffusion  of  plants  by,  ffi^ 

 ,  geographical  distribution  oC  648.  6<W. 

 ^1  loB^  in  scooniUry  rocks,  UH 

 ,  tainenesa  oC  in  nnlnhabitad  isUi> 

 ,  rate  of  flight  o{,  &U. 

 ,  migrationa  ol^  Hi. 

 .  recent  ejctonninntlon  of  mom  ipadw  ot, 

 ,  bones  ot,  in  Gibraltar  breccia,  741 

 ,  rarity  of  Uteir  rvmains  in  new  suata,  7i&. 

 ,  rare  In  deposits  of  all  ages,  1H7 

IlLH-hoir,  I'rofesaor,  on  volcaaoea, 

 ,  on  carbonic  acid  In  extinct  cnt«n  M 

Hhlue.  2^ 

ni5c»e.  Capt.,  dlsooToiea  in  sooth  Polar  Bch^Nl 

IMson,  fusalL  in  Torltahira,  Zfi. 
llUoris.  in  Uiasiflsippl  valley,  fiflL 
HLHtliu-au  lako,  2m. 

liititmen.  ooxing  from  bottom  of  Msi,  near  "Ma* 

Idad,  m 
Bituminous  q>rinp,  SCU. 
Black  Sea,  tall  by  avaporatioa  in,  flSiL 

 .  »S^«  Enxlne. 

Blue  mountaliu  in  Jamata^  ML  . . 


Digitizer 


INDEX. 


Il!nffi  of  Mljwlwlppl  <!f*crib*<l.  241. 

Boa  constrictor,  tiii^»tion  of,  Cti*L 

BoAM,  Mr.,  on  lnroail«  of  s«a  in  (''omwall,  8Sk 

 .  on  drlft-nand  In  Cornwull,  Tg't. 

Boblaje,  M.,  on  ceramiqnc.  In  More*,  731. 

 ,  on  enfrulfwl  rivers  «nil  caves  In  Morea,  LiL 

— -,  on  earthqnakcA  in  Greece, 
Bo^  Iron-ore,  whence  derived,  I'tl. 
Bogota,  earthquake  of,  -HtL 
BonriUnd,  on  plants  common  to  Old  and  New 
Wor!.l.  nLL 

Bore,  a  tiilal  wave  freqaent  In  Bristol  Channel 

and  Oantrea,  l&L 
Bory  de  Bt.  Vincent,  M.,  on  isle  of  Santor1n,14!L 
Boaphoni!!,  'ML. 

— ,  traditions  of  delngea  on  ahores  of  the,  SSH 
Botanical  evidence  bcarini;  on  theory  of  pro- 
gressive development,  IM. 
 (Ceoirraphy,  Om. 

—  province*,  their  namber.  6I61 CM^  MS. 
Bothnia,  OulC  Rradual  elevation  uf  coa.»t  of^  &2(L 
Bourbon,  island,  volcanic 
Honrnmouth,  submarine  forest  at,  TAIL 
Bousslnfcault,  M.,  on  rolcanoos  in  Andes, 

 ,  on  Rases  evolved  by  rolcanoejs  M9. 

Bowen,  Lieut,  on  drifting  of  rocks  by  ice,  820, 

m 

Boyle,  on  bottom  of  the  soa,  2& 

BracinI,  on  Vesuvius  before  IfiJJl,  874. 

Brahmapootra,  dclu  of.  2Ii  2IiL 

Brahmlna,  their  doctrines,  i. 

Brander,  on  fnssils  of  )Iam[«hlre,  i/L. 

Brandt,  Professor,  cited.  SO. 

— ,  on  Wlini  rhinoceros,  b(L 

Bravala,  M.,  on  upraised  sea-coast  In  Finmark, 

oao. 

Breccias,  In  Val  del  Bove.  ilL 

 ,  in  cares  now  forming  In  the  Morea,  jSL 

Brenta.  d^Ita  of  the,  ^ 

Urieslak.  on  temple  of  Berapis,  517. 

 ,  on  Vesuvius,  SSI,  SSL 

Bri^rR^  Mr.,  his  discovery  of  water  in  AfHc«n 
desert, 

Briichton.  waste  of  cHfb  of,  SIL 

Brine  sprinjrs,  21L 

Bri»tol  Channel,  cnrrento  In.  2fiO. 

Brittany,  vlllace.  buried  under  blown  sand,  12L 

 ,  marine  tertiary  strata  of,  122. 

 ,  waste  of  coast  of, 

Brocchi,  on  fossil  concholo^,  20. 

 ,  on  Bnmet's  the«rr,  Si 

 ,  on  de'ta  of  Po,  2iL 

— ,  on  extinction  of  species 

— ,  on  the  Subapennincs,  \  \\ 

Broderip,  Mr.,  on  o(K)«aum  of  Btonesfleld,  US. 

 ,  on  shells  from  CotcepUon  Bay,  fiiMl. 

 ,  on  bullmi  revived,  tVV"- 

 ,  on  moultin;;  of  crab\ 

 ,  on  naturalization  of  a  foreign  landabell,  tSL 

 ,  on  the  I)o<lo,  f>*v4. 

Brongniart,  M.  Adolphe.  8L 

 ,  on  fossil  plants  of  coaL  SS^  IIT.  12S. 

— ,  on  plants  in  Islands.  llST^ 

Brongniart,  M.  Alex.,  on  modern  lava  Btrewna, 

 ,  on  elevated  beaches  In  Bweden,  fiSL 

Brnwn,  Mr.  R.,  on  stmctare  of  vessels  in  myio- 

dendron.  S8. 
 ,  on  plants  common  to  Africa,  Oaiana,  and 

Brazil,  S2L 

 ,  on  wheat  In  Ksrptlan  tomba,  SSL 

Bach.   Ses  Von  Buch. 

Backland,  Bev.  Dr.,  on  landslip  near  Azmoath, 

— on  fossil  elephants,       In  Ir.dia,  L 

 ,  on  foaslls  frt>m  Hvrhscholtz's  Bar,  82.. 

 ,  on  f«*9sils  in  caves  and  flssarcs,  tS9,  HQ. 

 ,  on  Val  del  Bove,  IDi 

Baffon,  his  theory  of  the  earth,  82. 

 ,  reproveil  by  the  Borbonne,  ^ 

 ,  on  geographical  distribution  of  animab, 

690.  612,  aHL 

 ,  on  extinction  of  species,  7ii1 

Baist,  Mr.,  on  submarine  forests  In  the  estuary 

of  Tay,  m 


Baist,  on  mnd  votcanoes  In  India, 
Banbury,  Mr.,  on  coal  plants  of  AlalMiina,  8& 

 ,  on  ferns  In  carboniferous  era, 

Bansen,  Cht>raller,  on  Ancient  ilsrvpt,  6.^9. 
Bnnsen,  Professor,  on  Oeysers  of  Iceland, 

 ,  on  mineral  springs  In  Iceland.  'i4H. 

 ,  on  mu<l  volcanoes  of  Iceland,  44T. 

 ,  on  solfataras  of  Irelan<l,  ■'».'>  1. 

Banter  Banilstein,  fi>s«lls  oi;  JM. 

Bara,  sabmer;;ed  Grecian  town,  1\  "fii. 

Buried  cones  on  Ktna,  section  of,  8t>7. 

 temples  of  Cashmere,  Ifii 

Barne^  sir  A.,  on  Cutch,  earthquake  of,  4<l,iftl 
Bamet,  bis  theory  of  the  earth,  ai. 
Burntisland,  whale  ca.<t  ashore  near,  771. 
Borrampooter,  IC,  delu  of  the,  21^  <See  Brah" 
manootra. 

 ,  bodies  of  men,  deer,  Ac.  floated  off  by,  Z5L 

Bastards  recently  extirpated  in  England,  lkl& 


C 

Calabria,  geological  description  ot,  474. 

 ,  earthquake  of  17S«  In,  ILL 

 ,  tertiary  strata  of  LL 

Calanna,  lava  of  Etna  turned  fh>m  its  cootm  bj 
hill  «t  409,  IHL 

 ,  valley  of.  4o-2.  AM. 

Calcareous'  sprinjps, 

Calcutta,  artesian  well  at,  2SiL 

Caltlcleugli,  Mr.,  on  earthquake  In  Chili,  ISSfl^ 

 ^,  on  eruption  of  Coeegnina,  iiif. 

California,  volcanoes  In,  M9. 
Callao  town  destroye<l  by  sea,  802. 

 ,  chances  caused  by  earthquakes  at,  f>fll,  7fll. 

Camels,  carca.v>4>s  of,  tmlHHidod  in  drift  sand,  7'.'7. 
Campagna  dl  Koma.  ealeareons  deposits  ot,  iHL 
Campania,  aoueous  lavas  in, 
Camper,  on  fiicinl  angle,  6i)S. 
Canaida.  earthquakes  frequent  In,  HiL 
 ,  climate  of, 

 .  probably  colder  In  newest  tertiary  period, 

Canary  Islands,  eruptions  In.  43&. 
Cannon  In  calcareous  mck. 
— — .  account  of  one  taken  up  near  the  Down^ 
I2fi. 

Canoes  drifted  to  great  distances,  fiSL 

— .  fossil,  m 

Capo  Mnr,  encroachment  of  sea  at,  83S. 

 of  Good  Hope.  Iceberirs  seen  off.  IIIQ. 

Capoccl,  M.,  on  temple  of  J'enipis,  iiS. 
Coraccas,  earthquakes  In,  4<W,  AlU, 
Carang  Assam  volcano,  iQ^ 
Carb<inated  springs  24s. 
Carbonic  acid,  sup|Hjso<l  atmosphere  o( 

 gss.  its  effects  on  rocks,  itijL 

Carboniferous  series  117. 

 era,  prwiominance  of  ferns  in,  SL 

 era,  climate  In,  6lL 

 flora,  knowledee  of,  recently  aoqaired,  lifi. 

 period,  vast  duration  ol^  'lAiL 

 .  Coal. 

Cardiganshire,  tradltton  of  losa  of  land  in,  221 
Cardium,  locomotive  powers  when  young,  6fig. 
Caribbean  Bea,  tides  In,  Mi. 
Cart>enter,  Dr.,  observations  on  Mississippi  It, 

 ,  on  encroachment  of  se*  at  Lyme  Regis  321. 

Carrara  marble,  177. 

Ca.shmere,  temples  buried  In  fk«shwater  stratAi 

Caspian,  Pallas  on  former  extent  of,  4&. 

 ,  evaporati<)n  of  the, 

 ,  Its  level,  156.  fiffit 

Catalonis  devastation  of  torrents  in,  US. 
Cataols  in  part  ovcrwhelme<l  by  lava,  400. 

 ,  destroyed  by  earthquakes  f*>^ 

 ,  tools  rfiseovered  in  diecing  a  well  at,  13^ 

Catastrophes  theories  resf>eetinc.  L 
Catcott,  on  deluKi-s  In  different  countries  42. 
Cattegat,  devastations  caused  by  current  in  tb«^ 
881. 


820 


INDEX. 


Caatl<>jr,  Capt,  on  bnrled  ITlodoo  town,  78L 
,  on  to»\\  qiiadrumnnn,  144. 

 ,  on  bones  iu  ancient  wella,  740. 

Ckrea,  organic  ivinalns  in, 

 ,  alternations  of,  and  stalagmite  in,  IM. 

 ,  on  Ktna,  M>L 

Celestial  Mountains,  77^  8>V>. 

Oclslus  on  diminution  of  Baltic,  mL 

(.'«ntral  America,  volcanoes  oi;  849. 

 Asia,  ToIcADic  lino  from,  to  Uio  Azores,  851. 

 France,  lavas  excavated  In,  218. 

 France,  comparison  between  the  lavas  of 

Iceland  and.  4^  i2L 
(Jentre*.  specific  doctrine  ot,  680. 
Centrifugal  force.  ML  tti 
Cephalonio,  earthi]nakcA  in,  474. 

 .  InALHorla  in  submarine  caverns  in,  889. 

Ccsalpino,  on  ornnic  remains, 
Cetaceo,  geoimiphlcal  raneo  oC 

 ,  micrations  of  the,  £12. 

 ,  imbedding  of,  in  recent  strata,  HQ. 

 ,  fha»il,  absence  of  In  secondary  roclcs,  lAL, 

 ,  fossil  in  New  Jersey  chalk, 

 ,  rarity  of  in  secondary  rocks, 

Choiros  coral  Isles,  7-vH- 

Chnluzet,  calcareous  spring  at,  289. 

 ,  volcanic  cone  ot  g4S. 

(Ijambens  Robert,  cited,  S^L 
I'bamiss^s  M..  on  coral  Islands,  7S1. 
Chsmouni,  glaciers  o(  '£1^ 
Charo,  growing  in  lakes  of  N.  America,  76^ 
Cham',  fo'silizcd, 

Cbarlovoix,  chart  of  coast  of  Gulf  of  Mexico,  212» 
ChariK-nilcr,  M.,  on  glacicr^  22L 
Clu-irotherium,  In  old  red  sandstone  and  conl,  13fl. 
Chemical  theory  of  volcanoes,  My,  ilfi, 
Chopstow,  rise  of  tho  tides  at, 
Chcehire,  brine  springs  of,  JUL 

 .  waste  of  coast  o^  8a4. 

tlhcfil  bank,  320. 

(.'Iienilton.  overwhelmed  bv  sea,  8'2<>. 
I'hili,  earthquakes  in,  6^  847,  857,  ^  4SL 

 ,  nnmerous  volcanoes  in,  84<t. 

 ,  coaot  oi;  upheaved,  170.  I7a.  847.  455.  4SL 

n.il.ie,  iM9. 

Cliltnboriuo,  height  oi;  102. 
China,  climate  of,  fiiL 

 ,  earthquakes  In,  855. 

('Idnese  deluge,  L 

(Chinos,  or  nsrtsw  ravines,  de*crib«d,  218, 
('hittogong,  earthquakes  at,  478. 
t;ii<>ckler,  cave  at,  IMi 
('honos  archi|>elago,  rise  of  land  In,  i&S, 
Chrlstchurcli  Head  promontory,  filfi. 
t'hristi«\  .Mr.,  on  pla-sticUy  of  Ice,  221L 
ChriMol.  M.  de.  on  fossils  in  caves,  73^ 
Chronology  of  Hebrew  Scriptures,  659. 

 of  Dr.  Httl«s  652. 

('imbrian  deluge, 

Cistema  on  Ktna.  how  formed,  41-L 
i'ltles  engulfed,  llit 
Civita  Vecchia,  springs  at,  213. 
Clarke,  Dr.,  on  lava  in  motion.  877. 
('leavoae,  or  slaty  structure,  176. 
*:iernioni.  cslcareous  springs  at.  232. 
Climate  of  Europe,  Kospe  on  Ibnner,  ^ 
 ,  changes  of,  75,  b!L 

 ,  change  oi;  in  northern  hemisphere,  73, 1^ 

 ,  on  causes  of  vicissitudes  In,  22. 

 ,  nMronomlcal  cau«es  of  fluctnattons  in,  I'ifi. 

 ,  its  influence  on  distribution  of  plants,  C18. 

 .  effect  of  changes  In,  on  range  of  spectea, 

69C 

 ,  Influence  of  vegetation  on,  113. 

Climates,  Insnlar  and  excessive, 
C-oal,  moilern,  at  months  of  Mackenzie,  "4.'1. 
— ,  ancient  heA\  formed  of  plants,  JilL 
— — ,  ancient,  formed  In  deltas,  OA. 

 Beld%  American,  ll.\ 

.  formed  by  plants  wbicb  grow  on  the  spot, 
115. 

—  t>eriod,  warmth,  moUture,  ite.  of  climate, 
12fL 

 formation,  fossil  plants  of  the,  ^11^  IB^ 

 ,  climate  IndicateJ  by,  iL. 


Coal,  reptilian  fosells  In,  1B& 

 .    S*^  Carboniferous. 

Colchester,  Mr.  W.,  on  fossil  qnodrnmano.  144 
Colebrooke,  Mr.  IL  T..  on  age  of  Veiiaa,  L. 

 ,  on  crocodiles  of  the  Ganges,  277. 

 ,  Mulor  K.  11..  on  tho  Ganges,  gIL 

Colle,  travcrtin'of  2i£L 
C'Olombia,  earthquakes  in.  i&fi. 
C\>lonna,  on  organic  remains.  ^ 
Columbia.  R,  submerged  forest  in.  270. 
Conception,  earthqunkes  at.  458,  456,  490,  I£L 
Conglomerates,  now  formed  by  riven,  Ac.,  SiS. 

 .  volcanic  ILL  iSS. 

Conlfone  of  coal.  IM. 

 ,  AraucTrian.  in  coal 

Consolidation  of  strata,  175. 
Conybeare.  Rev.  W.  D..  on  Lister,  2G. 

 .  on  landslip  near  Axmouth,  321, 322. 

Cook,  Captain,  on  drifting  of  canoes  Car, 

 ,  on  liishland  near  the  South  Pole,  9S.  fig. 

Copalc  lake,  i2L. 

Copernican  theory,  edicts  against,  repealed  at 

Rome,  5fL 
Copiapo,  earthqoakes  at,  847. 

 ,  rai!te<l  banks  of  shells  at,  ifiL 

Coral  IslandN  775.  776,  798. 

 ,  orlifin  of  their  circular  form, 

 ,  linear  direction  of, 

 ,  rate  of  growth,  776. 

 .  downward  movement  slow  and  nnlfonn 

791. 

 ,  absence  of.  In  Atlantic,  At,  124. 

Coralline  crag  foesils,  li2. 

Corda,  on  palm  wood  in  Bohemian  co«l,  8S. 

 cited,  m 

Cordier,  M.,  on  rate  of  Increase  of  beat  In  mines, 

— — ,  his  theory  on  central  heat  and  fluidity,  {VtflL 

 ,  on  tides  in  the  internal  melted  ocean,  641. 

Cordilleras  shaken  by  earthquakes,  457,  466. 

 ^.  parallel  ridges  successively  upheaved, 

Corinth,  decomposition  of  roclts  In,  133. 
Cornwall,  waste  of  cliffs  of  »2i 

 ,  land  inundated  by  drifl-sand  In,  I2L 

 .  tcmpcralure  of  mines  in.  538. 

C-oromondel,  inundations  of  sea  on  coast  of,  780. 
Coseguina  volcano,  great  eruption  oi;  847. 
Cosmogony  distinct  frum  geology,  g. 

 .  of  the  Hindoos,  4. 

 ,  Eiryptlan,  S. 

 ,  of  the  Kf>ran.  IR. 

Cosmopolite  shells,  65<>. 

Coste,  Capt..  on  «levation  caused  by  earth* 

quakes,  i!^ 
CotonaxI,  ML  fififl. 
Covelli,  M.,  on  hot  sprins  In  Iscblo. 

 .  on  Vesuvian  minerals.  8s5. 

Cowper,  the  jK>er,  on  age  of  earth,  55. 

Crag  strata,  fossils  of  tlie,  li2. 

Craters  of  elevation,  theory  of.  8TI.  880,  415. 

Crawfbrd.  Mr.,  his  discovery  of  fii««Us  tn  A  va,  £ 

 ,  on  eruption  In  Sumbawa.  IW.  4«>4,  iSSk 

 ^,  on  drinlng  of  canoes,  6C2. 

Creation,  suppose<l  centres  or  foci  of,  6C7. 

 ,  epoch  oC  difference  of  opinion  on,  6flflL 

Cremona,  Ukcji  fliied  up  near,  ^"V. 

Crocodiles  imt>edded  oy  a  river  tnondatlon  In 

Java,  5oa,  lii 
Cromer,  waste  of  cllflh  of  306. 
Cropthorn.  fossils  found  at,  liL 
Crutckshonks,  Mr.  A.,  on  Chilian  earthquake,  iBL 
Cuba,  fossils  in  caves  o^  741. 
Cnlvcr,  cliff,  SIS. 
Cumano,  eartliquake  o(  470. 
Cunningham,  Mi^jor,  on  burled  temples  of  Cosh 

mere,  l&L 
Cupressus  thyoides.  I2& 
Currents  from  equatorial  regions,  8^ 
^— .  frtim  the  pole  to  the  eqnator,  107. 

 ,  causes  and  velocity  oC  293. 

 ,  polar  and  tropical,  direction  oC 

 .  destroying  and  transporting  power  ot,  89T, 

84ft 

 ,  In  ettaarieti,  tbeir  power, 

 ,  in  the  StroiU  of  Gibraltar,  m 


t 


INDEX. 


821 


Currenta,  reprodncUre  effects  ot,  88T. 

 ,  nn  the  BrltUh  stiorea, 

— — ,  convey  spedea  frota  Antarctic  to  Arctic 

Curtia.  Mr.,  on  nvigt*  cansed  by  aphldea,  SLL 

 ,  on  power  of  the  Tiptitn  to  emeu  the  aea,  fiiL 

 ,  on  number  of  BritUU  insects,  Tft-V 

 ,  on  foiwil  Insecta,  7-1 S. 

Curves  of  the  Ml&slMippi, 
Cutcb.  changes  cauaed  by  earthquake  of  1S19 
in.  V>9.  IfiL 

Ouvier  on  durability  of  bones  of  men,  14T.  75T. 
—  on  crocotllles  of  Gan^rea,  277. 

 on  %'arlabllity  in  epeclea,  a<'},  5S4. 

on  fish  not  croMini;  the  Atlantic,  ML 
 on  identity  of  Egyptian  uiummles  with 

living  speclc^  ^Sd. 
— -  on  number  of  fl«hea,  105. 
Cuvler,  M.      on  aptitude  of  some  animals  to 

domeatleatlon.  fiSlL 

 ,  on  influence  of  dooMStlcatlon,  SOIL 

Oypris,  fuasil  and  living,  ZikL 


D. 

Dana,  Mr^  on  Bandwich  Islanda,  8&i,  872,  8S8, 

 ,  on  fh^tmcnta  of  recent  coral  thrown  up  by 

Polynesian  volcano«N  Sli. 

 ,  on  Mount  Ix>a,  volcano, 

 ,  on  "  volcanoes  no  safety- valvea,"  .V)2. 

DanKerficId,  Capt.  F.,  on  buried  cities  In  India, 

 ,  on  Oi^ein,  122. 

Daoiell,  ProfeMor,  on  th«  trade  winds,  IQL 

 ,  on  melting  point  of  iron,  j!^^ 

Dante  cited.  2M. 

Danlxic,  waste  of  land  near, 

Darby,  on  lakes  formed  by  IIM  Elver,  2152. 

 ,  on  delta  of  Mls«l*sippi,  zli 

Darw  in,  Mr.  C,  on  dlstrlbutioo  of  animals  and 

planta,  TT^  H  ML 
- — ,  on  vegetation  re<)ulred  for  support  of  large 

quadrupeds, 

 ,  Mr.  a,  on  drifting  of  rocks  by  Ice,  22Si 

 ,  on  earthquakr^  .^IL  JiS.  45C,  4T6,  IfiS. 

 ,  on  earthauake  w.ive*.  tl>7. 

 ,  on  riaa  of  land,  Vt\  ftlCL 

,  on  oolitic  travertin. 

 ,  on  great  droughu  In  &  Amarlca,  AM. 

——V  on  peat  of  S.  AroerlrA,  719. 

 ,  on  coral  inlands,  77S|.  Tso,  7^2,  765,  7^9. 

— ,  geology  of  Ji.  America,  17i>. 

on  recent  shells  In  Chill,  1W>. 
— ,  on  ahtngle  on  coast  ofii^  America,  MS. 

 ,  map  of  coral  reefs,  352.  701.  I'M. 

—,  on  crateriform  hills  of  Galapa^o%  872. 
— ,  inf\isoria  brought  home  by, 

,  on  new  l»lan(lA  forming  In  Atlai.Uo, 
 ,  on  nat.  hist,  of  Galapagos,  HI,  597,  «15, 

 ,  on  extinction  of  animals,  700. 

Daobeny,  Dr.,  on  springs.  £iL 
—V  on  Mount  Vultnr,  8&d. 
— ,  on  Vosuvl^^  SSQ. 

 ,  on  decomposition  of  trachyte,  88\ 

 ,  on  flowing  of  lava  under  water,  li£i& 

 ,  on  volcanoes,  54{^  5^  550,  ^ 

D'Anbul.sson  cited.  C^llL 

Davia,  Mr.,  on  Chinese  delope.  L 

Davy,  g|r  H.,  on  lake  of  the  SolfaUra,  US, 

 ,  on  formation  of  travertin,  iJSL 

 ,  on  theory  of  pro(fres»lve  development,  181. 

— ,  on  eruption  of  Vesuvius.  878. 

 ,  on  chemical  agency  of  electricity,  512. 

 ,  his  theory  of  unoxidated  metallio  nucleoa, 

MA 

— — ,  on  agency  of  air  and  water  in  volcanoes,  5i8, 

 ,  his  analysis  of  pest,  113. 

Davy.  Dr.,  on  Graham  Island,  486, 

■  .  on  helmet  taken  from  sea  near  Corfu,  760. 
Do  lieauinont.   <Se«  Beaumont,  )>c. 


Debey,  Dr.,  of  Aix,  on  cretaoeons  dleotyladona 

m 

Dc  Candolle,  on  hybrid  plants, 

 ,  on  diatribation  of  plants,  618,  fiUL 

 ,  on  agency  of  man  in  dispersion  of  plants 

 ,  on  stations  of  plants,  670. 

 .  on  barriers  separating  botanical  provlncea 

m 

 ,  on  number  of  land  planta,  706. 

 ,  on  longevity  of  trees,  4'.''.', 

Decben,  Von,  map  of  (iertnany,  Jtc,  128. 

Dee,  R.,  bridge  over,  swept  awsy  by  floods,  2L& 

Deer,  their  powers  of  iwlinming,  Gdil 

 ,  diminished  number  In  Great  Britain,  ft's^. 

 ,  remains  o^  In  marl  lakes,  7r>2. 

De  la  Beche,  lilr  IjLon  rocks  In  S.  Wales,  flL 

 ,  on  delta  of  fihona  in  Lake  of  Geneva,  MM. 

 ,  on  storm  of  Nov.,  1S24.  821. 

— ,  on  submarine  forests,  ifiii. 

 ,  on  eartliquake  of  .lainaica,  1698,  504. 

 ,  on  action  of  rain  In  tlio  tro)>tc8,  718. 

De  la  Hire,  on  fossil  wood  from  Avs,  1692,  29. 
Delhi  territory,  elephants  In,  Sil. 
DelU  of  the  Adigo  and  lirents,  224L 

 of  tiie  Brahma|KK>tra  or  Burrampootcr,  SZfi 

 of  the  Ganges  ili  to  2iL 

 of  the  Mississippi,  2(a  to  215, 

 of  the  Mississippi,  antiquity  ot,  2IL 

 of  the  Kile,  26L 

 of  the  Po,  2ifi. 

 of  Rhone,  in  Lake  of  Geneva,  25^ 

 of  Rhone,  In  Mediterranean. 

Deltas,  chronological  computations  of  age  ot,  25.1 
2S>5. 

 ,  of  Lake  Superior,  258. 

 -J  grouriing  of  strata  In,  2SL 

De  Luc,  his  treatise  on  Geology,  5fi. 

 ,  on  cuDverslou  of  forests  into  peat  mosses 

721- 

De  Luc,  M.  O.  A.,  bis  natural  chronometers,  124, 
Deluge,  ancient  theories  on.  IS.  23. 25, 81, 42. 156 

 ,  fossil  Bbells  referred  to  the.  liiL 

Deluges,  local,  how  caused,  J,ih^ 

 ,  traditions  of  dlfl'erent,  L  881,  856 

500.5QL 
Demaillet,  speculative  views  oC 
Denudation  can  only  keep  pace  with  dopo«ltloa 

 ,  effects  oi;  IM. 

DepositioQ  of  sediment,  shllUug  of  the  area  of 

m 

 and  denudation  parta  of  the  same  procea^ 

I>esbayea,  M„  on  fossils  of  tertiary,  1»4. 
Deeniarest,  his  deflnltlon  of  geology,  2, 
 ,  on  Auvergne.  49. 

Desnuyers,  M.,  on  human  remains  In  caves,  780. 

Desor,  M.,  on  slacler  motion,  tii.. 

Deucalion's  deluge, 

Deville,  M.,  on  cuntraction  of  granite, 

— ,  on  trachytes,  440. 

Devonian  strata  formed  in  deep  seas,  HL 

Dlatomace«F,  8^'^ 

DlkcN  com[K)sitlon  and  position  of^  8IS. 

 ^  how  caused,  879. 

Diluvial  waves,  no  signs  of  on  Etna,  4281 

 theory  of  earlier  geologists,  25. 

Diodorus  nlculus  clte<L  857. 
Dion  Cassius  cited,  a64. 
Dodo,  recent  extinction  of  the,  9&L 
Dog,  varieties  of  the,  570.  5S4- 

 hybrids  between  wolf  and,  001. 

 ,  acquired  Instincts  hereditary  in,  SS& 

 ,  has  run  wild  in  America,  ifefi. 

Doffi;erbank,  84«>. 

Dollnrt,  formation  of  estnary  of  tlie,  822. 
Dolomleu  on  Val  di  Noto.Vioentlo,  and  Tyrol,  4a 
— ,  on  la^aa  of  Etna,  4iL 

 ,  on  dect)mpo»Ulon  of  irranlto,  2^ 

 ,  on  earthquake  of  17S3  in  Calabria,  478,  47^ 

41\  4at>. 

Dom(«U cation,  aptitude  of  tooM  anlm«ls  for,  fiW» 

599. 

 ,  inllaencfl  ot 


823 


INDEX. 


Don,  rirer,  roclts  trmopflrt^d  hr, 

iVinati  on  b«d  of  Adriatic,  3^  li,  ILL 
l>onny,  Mr.,  dted,  fiSL 

D'Orb'igny,  M.  A.,  on  abmpt  transition  from  ODo 

fttsell  fiiuna  to  another,  l  -'l. 
Doreetshire,  landslip  In,     1 . 

 ,  wa»to  of  cliffs  of,  HI 'J. 

DoTfi,  Mr.,  map  of  imxliermal  lines,  ^ 
DoTer.  wasto  of  chalk  cliffy  of,  Sli. 

 ,  depth  of  »ca  near,  815. 

 ,  formation  of  Slrait*  'jf,  SIS. 

 ,  strata  at  foot  of  cliffs  ot,  iiii. 

l>o\rnham  burled  by  blown  aand,  I2L 
Dmnik-,  K.,  ill! 

Drift,  nortlicrn,  fomil  marine  shells  In,  1S& 

Drift-sjuul,  f.»»»ils  in,  LiL 
Drlft-W€)o<l  of  Mississippi,  2fiS. 

 ,  abundant  in  North  iea,  liL 

Dronthcini,  ^22. 

Dronehu  in  ^  American  tnlmals  destroyed  by, 

Druid^  their  doctrlne^  lA, 

DolVesnor,  M.,  fteologlcal  man  of  France,  122. 

 ,  on  formation  of  Mont*  Nuoro,  871,  872. 

 ,  on  tufft  of  Somma,  882. 

 ,  on  lavas  of  Vc9nrlu.%  8S4 

Dnjardln.  M.,  on  shells.  Ac,  broiifrlit  np  bj  ar- 
tesian •well  at  Tour^  2M. 

Dumont.  M..  cited,  12(1^  au-*. 

Dumoulin,  M..  on  earthquakes  In  Chili, 

Dunes,  hills  of  blown  sand,  SQL 

Dunwich  destroyed  by  the  sea,  310. 

Durand,  Lieut,  on  fossil  qundrinianA.  Hi. 

Durean  do  la  Malle,  M.,  cited,  fM^  W«. 

Durham,  waste  of  coast  of,  803. 

D'UrTllle.  CapL,  on  temperature  of  Meditem- 
neaa,  iSfL 


Earth,  antlqnlty  of  the,  SL 

 ,  on  changes  In  Its  axis,  SO. 

 ,  proportion  of  land  and  sea  on  surflicc,  12S. 

 ,  spheroidal  form  of  tlie, 

 ,  mean  density  of  the,  .'>85. 

 ,  attempt  to  calculate  thickness  of  its  crust, 

Earth,  electric  cnrrents  in  tho,  iUSL 

 ,  sections  of  the  («ee  figs.  70,  71^  531. 

 ^,  effect*  produced  by  powers  of  vitality  on 

surface.  "Oo. 

Earthquakes,  chronologically  de«crlb»d,  4S8,  «t 

tq. 

 ,  enerjfy  of,  probably  ntiform,  &S. 

 ,  earth's  sorface  contiDa%lly  remodelled  by, 

IflSL 

 ,  recorrcnce  ot  at  stated  periods,  accidental, 

 ,  felt  at  sea,  858. 

 ,  land  elev  ated  br,  4M,  4^^  4^7, 4fi2.  • 

 ,  all  countries  Ilnblu  to  sli;;lil  shocks  ol^  858. 

,  phenomena  attondinc.  ^ilL 

 ,  in  Cntcb,  1819  (w  Map),  4fifl. 

 ,  in  Calabria,  17s;J,  4IL 

 ,  difficulty  ttf  measuring  the  effects  ot  fiL 

 ,  chasms  formed  by.  4 7 ft. 

 ,  excavation  of  valleys  sided  by,  48S. 

 ,  renovating  effects  of,  SfiJi. 

 ,  cause  of  the  wave-like  motion  of;  475.  &5& 

— — ,  cause  of  trreat  waves  and  retreat  of  sea 

during,  4»6, 4fiS. 

 ,  ravage*  caused  by  soa  daring.  499, 501, 12SL 

— — %  connection  between  state  of  atmosphere 

and,  CtfiL 

—I  people  entombed  In  caverns  daring,  ZSfi. 

,  causes  of  volcanoes  and,  58iL 
— ,  recarrenca  ol^  in  certain  xonoa  of  coantry, 
112. 

—  of  Lisbon,  area  over  which  It  extended,  iSfi, 

— —  more  Sequent  In  winter,  561. 

Ecclea,  old  church  o^  barled  ander  blown  sand, 

SiliL 

Edmonstone  Island,  228. 
l-^la.  uilip-alion  of,  ML 

Btrypt  nearly  exempt  from  earthqnakea,  9, 858. 


Egypt,  towns  bnried  nnder  drift-sand  In,  VtL 
— ,  date  of  civilization  o^  accorrling  to  BuAi>ca 


Egyptian  cosmogony,  & 

 ,  mummies  identical  with  IMng  spedes,  685 

Ehrenberg,  on  Bengal  tiger  in  Siberia,  IL 

 ,  on  origin  of  bog-iron  ore,  I22L 

 1,  on  corals  of  Ked  Sea.  777. 

,  on  ashes  enveloping  Pompeii.  888. 

 ,  on  infusoria  in  volcanic  tuff.  9>^9. 

Electricity,  a  source  of  volcanic  heat, 

 ,  whence  derived,  {as. 

Elephant,  f««*lJ,  in  Ice.  45,^  Sa 

 ,  covered  with  hair  In  Delhi,  flL 

 ,  sagacity  oi;  not  attributable  to  IntareoafW 

with  man,  593. 

 ,  their  lowers  of  swimmlne.  C3fi. 

Elevation  of  land,  how  caused,  +44, 

455.  457. 

 .  prooA  ot  alow  and  gradual,  170, 1^4.al  a.  Sfia. 

Elevation  and  subsidence,  nrunortion  of,  iAL. 

 ,  alternate  areas  oC  in  I'aelflc.  TiW. 

Elevation  cTster  thcorv-.  871,  8(jO,  l^Si. 

Klevation,  valleys  ot  iilL 

Ellzalx-th  or  IleoderBoo's  Island,  upraised  atoU 

ot  7v>,  liLL 
Elsa,  travertin  formed  bv  the,  ^S. 
Embankment,  system  of,  in  Italy,  3fiL 
Emu  in  .\ ustmlla  will  t^come  exterminated, 
Englehardt  on  the  Caspltn  Sea,  I!fL 
England,  waste  of  cliffs  on  coast  st, 

 ,  slight  earthquakea  felt  in.  SiW. 

 ,  height  of  tides  on  coast  ot  S*lj  80&. 

 ,  tertiary  strata  ot  Ifi. 

Eocene  perioil,  fowdls  of  the.  142,  144,  188 
Epomeo.  Mount,  In  Isohla,  SCi 
Equatorial  current,  2^ 
Equinoxes,  precession  of  the,  100,  Q8L 
Erfbu^  Mount,  the  active  volcano  ot  K. 
Erie,  Lake,  peninsula  cut  thruogh  by,  888L 

 ,  waste  of  cllffi  in,  838. 

Erman,  M.,  on  eruptions  In  Kamschatka, 
Erratic  blocks,  ^ 

 ,  icebergs  charged  w  1th.  8(L 

Erratic  blocks,  submarine,  lakl  dry  by  npbwnl. 

Eruptions,  volcanic,  number  of  per  year,  45<L 

 ,  cause  ot  fi^ 

Erxwhlrge,  mica  slate  of  the, 

Escher,  M..  on  flood  in  valley  of  Bagpes,  2IL 

Eschscholtz  Hay.  fossils  ot  bSL 

Essex,  tertiary  strata  ot  lA, 

 ,  inroads  of  sea  on  c<mst  oC  SIL 

Estturle^  how  formed.  827,  SAl. 

 ,  imbedding  of  freshwater  species  In,  76S. 

Etna,  description  of  and  Its  enipUona,  to 

 ,  towns  overflowed  by  lava  ot  400.  T»S. 

 ,  subterranean  caverns  on,  401. 

 ,  a  glacier  under  lava  on.  Hi 

 ,  marine  formations  at  iu  base,  ML 

 ,  antiquity  of  cone  ot 

Eugiineait  Hii'K  lavas  ot  'i^SL 

Euphrates  delu  of  advancing  rapidly,  SSi. 

Euxlne  hurst  its  barrier,  according  to  Strabo,  lA 

 ,  gradually  filling  ui>,  11. 

 .   Ste  Black  Sea. 

Evaporation,  wat«r  carried  off  by,  S0O,  »^  884 

 ,  currents  eau.sed  by,  iAL 

Everest,  Kev.  K,  on  climate  of  fossil  elephant. 

hL 

 ,  on  sediment  of  Ganges, 

Excavation  of  valleys  4<A 
Expansion  of  rocks  by  heat.  iSQ, 
Extinction  of  sjiecies,  697,  701. 
 of  aalmal^  TOO,  ligT^ 


Fablo  Colonna.  88. 

FacUl  angle,  608. 

Fair  Island,  action  of  the  sea  on, 

Falconer,  Dr.,  on  f<issil  qoadrunmua, 

 ,  oa  crocodiles  of  Ganges,  211. 


L  y  ^  .d  by  Google 


INDEX. 


823 


F«l«mer,  Dr.,  on  pest  near  CalcntUi,  2S0. 
Ftlconl  on  elevation  <)f  coa»t  of  Ilala-,  Hi>7. 
FalklanrI  I»l«n<l.s  qiiailrupeda      141.  fiiU. 
Falluppio  on  fossilH, 
Falls  orNlMnra,  'llA. 

 of  St.  Mary,  •i.'>4. 

Faluns  of  Tuuratne,  1^ 

Farwiay,  Mr.,  on  water  of  the  QtrmrK  2i& 

 ,  on  alow  depoaitJoD  of  sulphate  of  tuuyta, 

 ,  on  electric  currents  In  the  earth,  2^ 

,  on  melallic  retiuctlon  by  voltaic  agency, 

 ,  on  llqnefaeUon  of  fcasee,  itSSL 

Faro«  Islanda.  ilcposita  forming  near  the.  Tlx. 
Fari|uhan<>n.  Rev. ,).,  on  flmnls  in  Scotland,  iS)3. 

■',  on  formation  of  irmund  ice,  tO^ 
Faajaa,  on  Velay  and  Vlvaraia,  1779, 
Fault*,  Uii 

Fauna  formerly  as  direrslfled  as  now,  IfiL 

 ,  arctic  descriixNl  by  Sir .?.  Bichardson,  ffiL 

?olspar,  dec»in|Kwltl(in  uC  llL 
Ferrara  on  lavas  of  Ktna,  '2S3. 

 ,  on  flood*  on  Kina,  412. 

 ,  on  earthquslco  in  Hiclly,  4T1. 

Ferrui;inou»  o|>rintj\  2iL 
Fez,  earthquakes  in,  KH, 
Fife,  trap  rocks  at,  IfiO, 

 ,  coast  of.  submarine  ibre«ts  on,  iOS. 

 ,  encroaciimcnis  of  M?a  on,  '.'I'-'l. 

Ftndhorn  town  sw  ept  away  by  son,  ;ii>2. 
Fish,  their  dintributiun,  and  migrations,  ML 
 ,  f  »ll, 

 ,  fo«»il  of  coal  (!)rmation,  ISi, 

Fissures,  sulphur,  ikc,  fjected  by,  ilQ. 

 ,  caused  by  Calabrian  cartli'<)uake,  4T^  480, 

 .  caused  by  earlhqaake  near  New  Madrid, 

4«S. 

 ,  preserration  of  orgsnlc  reimiins  Id,  Tit^ 

FItton,  Dr..  on  history  of  En^rlish  (,voloiry.  ftl. 
FItxroy,  Capt,  oo  earthquake  in  Cblli,  1  458, 

Ftaroboronp:h  ITead.  waste  oC  8oa. 
Fleminir.  ]>r..  on  uniformity  in  climate,  14 

 ,  on  fo<»il  cU'pliant,  Ifi. 

— — ,  on  submarine  forests,  308. 

.  ,  on  rapid  flight  <if  birds,  ftlfi. 

 ,  on  turtles  taken  on  coast  of  Enirland.  ftlt 

 ,  on  cbanffcs  in  Uie  animal  kingdom  canaed 

by  man,  ftvi. 
— ,  on  stranding  of  rr tares,  771. 
Flinders  on  coral  rcefc«,  776.  T3L. 
Flint  on  course  of  Misglsslppl,  Ac,  Sftt 
— — ,  on  earthquakes  in  .Mississippi  valley, 
Floods,  by  bursting  of  ]ake^  im. 

 ,  in  North  America, 

 ,  in  valley  of  Bazncs  '2 10. 

 ,  in  Scotland.  2llL 

 ,  traditions  of,  4yy,  bnL 

 ,  causes  whlcii  may  giv«  rise  to,  155, 

 ,  at  Tivoli.  iill. 

 ,  caused  by  melting  of  snow  by  lara,  849. 

411. 

— .   Sff.  I>eluge. 
Flysch,  of  the  Alps,  eocene,  12i, 
Folkstone,  subsiilcnce  of  land  at,  "Ifi. 
Fontenclle,  his  eulogy  on  I'alissy. 
Foot-marks,  f4>s8ll,  In  North  Ami-rira,  IBL 
Forb«s,  I'rof.  K.,  on  glacial  e[H>ch,  iA 

 ,  on  fossils  cf  tertiary.  1^ 

 ,  on  new  island  In  Gulf  of  8antorin,  44.*L 

 ,  on  regions  of  deptfi  In  ..Cgean  Sea,  QiiL 

 ,  on  migration  of  moUusca,  6^ 

 ,  cited,  708. 

Forbe^  Prof  J.  D.,  on  gl*cter  motion,  234. 

 ,  on  rate  of  flowing  of  lava,  873,  4(h\ 

 ,  on  temple  of  Serapi^  515.  ML 

Forchhammer,  Dr.,  on  boulders  drifted 
iSL 

— — ,  on  peat  719. 
Foresta,  influence  ot,  T12.  718,  Hi 

 ,  sites  of,  now  covered  by  peat,  7'2i). 

 ,  destroyed  bv  lnsect\  717. 

 ,  submarine,  ^  8i8, 


Foresta,  sabniarfed,  la  ColambU  B.  bj  land 

slides,  215. 
Forfarshire,  waste  of  coast  at,  SQi 
marl  lakes  of.  76<3,  71«<1 


Forshey,  Mr.,  on  MCi8ia8lppl,^64j  2IL 
Forster,  Mr.,  on  coral  reefcs  Lti 
For«vth  on  climate  of  Italy,  8i>6. 
Fortis  clle<l,  iL 

 ,  views  of  Arduino  conrtrmed  bjr,  4& 

 and  TesU  on  f.nwil  flsh,  44. 

Fort  William,  near  Calcutta,  artesian  well,  ^0, 
FoA»ilifv>rou8  formations,  breaks  in  the  aerle^ 

ISO. 

Foasillzatlon  of  organic  remains  on  emerged 

land,  7l'«,  775. 
— — ,  in  p<  i»t  mosses,  121.  ' 

 ,  in  caves  and  Assures,  7.'^^. 

 ,  In  alluvium  and  land»llf»*, 

 ,  in  volcanic  formations  on  land,  849,  7'M. 

— ,  in  sal>aqueoas  d«-posiL\  74:^. 
 ,  in  n>arl  lakcM.  152. 

FoaslU,  earl  v  s|>ecatiktlon«  concerning  thoir  D»> 

ture.  19.  21  to  2L 

 ,  dlslTnctnoss  of  secondary  and  tertiary,  114, 

 ,  manimiferous  of  tertiary  eras,  137.  140. 

 ,  why  distinct  In  snccesslvo  group.s,  lliU. 

 .    Sf^  Oreanlc  Hemains, 

Fossil  trees,  upright  position  of  some.  SL. 
Fourier.  Baron,  on  temporature  of  epaoes  Cnr* 

rounding  our  atmosphere,  104. 

 ,  on  central  heat,  liL 

 ,  on  radiation  of  heat,  12L 

Fox,  Mr.,  on  beat  In  mines  53S. 

 J  on  electric  currents  In  the  earth,  518. 

Franc«,  waste  of  coast  ot,  3'J4. 

 ,  caves  of,  787. 

Franconla,  caves  of,  78fl. 

Franklin,  on  a  whirlwind  in  Maryland,  OS. 

Fremont  Capt,  on  submerged  forests  in  Coloai* 

bla.  270. 

Freshwater  plants  and  animals  foaalllzed,  7^ 

 strata  In  Cashmere.  Ifi2. 

Freybcrg,  school  of,  Jili. 

Fries,  on  dispersion  of  on'ptogamlc  plants,  <80. 

Fringing  reeC  nature  anil  origin  of,  tsot 

 upraiseii,  121. 

Fuchsel.  opinions  ot,  1762, 13. 

Fnnchal.  rise  of  sea  st  during  earthquake, 

Fundy,  Bay  ol,  wave  called  ibo  "  bore"  in,  ttL 


by  lee, 


GaiUon^lIa/erniffinra,  [ 
Galapaeos,  peculiar  character  of  the  faana  o( 
139,  iki 

—  island,  lameness  of  birds  In,  597. 

—  Archipelago,  craters  form  hills  In,  879. 
Galongoon.  great  onipUon  oC  853,  4.'>0. 
Gambler  coral  Island,  7^8,  7*»7. 

Ganges  dclu  oC  and  Ilrahmapootra,  212  to  984 

 ,  antiquity  of  delU  of,  2SL 

— ,  quantity  of  se<llment  In  waters  ofi  978. 
— ,  islands  formed  by  the,  376. 

 ,  bones  of  men  found  In  delta  of.  757. 

 ,  artesian  borings  in  dolu  of;  ■i&L 

Gardner,  Mr,  on  unexplored  Antarctic  land,  98L 
Oaaes,  liouofaction  o(  .>Gu. 

 ,  evolvetl  by  volcanoes,  &A9. 

Oefle,  upniis«>d  shelly  deiiosita  near,  fi"26.  MfL 
Gemmellaro  on  Ktna,  401 

 .  on  Ice  under  lava,  412. 

Generation.  8|M>ntaneous,  theory  of,  22. 
Generelll.  on  state  of  geology  In  Kuro{>e  In  mid 

die  of  elirliteentb  century,  85,  fiJL 
Geneva,  lake  of,  delta  of  Rhone  in,  22(1 
Geojmosy  of  Werner,  46. 
Geographical  distribution  of  plaata,  61IL 

 of  animaK  222. 

 of  birds,  fili 

 of  reptiles  6iL 

 of  fishes,  (il*L 

 of  testaeea,  iaS. 

 of  socphytea,  tttk 


824 


INDEX. 


fleofrraphical  distribution  of  liuectx,  CiL 

 of  man.  (^l.^'■>■ 

Oeojn"apliT.  proofi  of  former  cbaagM  la  phT«l- 
cal,  lU.'m. 

 ,  effect  of  change*  In,  on  spccie^  C90. 

Oeolo|!ic»l  society  of  London,  ^ 

 .  Uieories,  causes  of  error  in,  61. 

Oeolotfy  dfflni>4l,  i. 

 ,  ulstinct  lr«>m  cosmogony,  8> 

— ,  canses  of  Its  retardation,  24.  65.  fiL 

 ,  state  of,  before  eigliteenth  century,  8& 

 ,  moilern  progress  uf,  ft.H. 

Georgia,  bland  of,  snow  to  level  of  sea  In,  99, 

IPS. 

 ,  n.  8.,  new  ravines  formed  In,  205. 

Gerbanitxis  an  Arabian  sect,  their  doctrines,  li. 
German  Ocean,  filling  up,  340. 
Gcsner,  John,  on  organic  remains,  IL 
Geysers  of  Iceland,  '>!y<.  f<o8. 

 ,  cause  of  their  Intermittent  action, 

Gibraltar,  birds'  >)ones  in  breccia  at,  2ASL 

 ,  Straits  ut,  aSi 

Glronde,  tides  in  Us  estuary,  33S.  i 

Glacial  epoch.  lit. 

Glacier  under  lava,  on  Etna,  iHL 

 ,  moraines  of, 

 ,  view  oC  2Si 

Glaciers,  formation  of,  222  to  22L 

 ,  motion  of,  222. 

 ,  of  Hpitzbergen,  2iL 

 ,  trHn»{>ortation  of  rocks  by,  155. 

Glen  Tilt,  granite  veins  of,  {>L 
Gloucestershire,  gain  of  land  in.  824. 
Gmelln  on  distribution  of  flsh,  (>1.S. 
OoaU,  multiplication  ol^  in  South  America,  tt^ 
Goepfiert,  I'rot,  bL 

 ,  on  fossllization  of  plants.  T47. 

Golden  a^c,  doctrine  whence  derived,  iL 

Goodwin  bands,  !sLL 

Gothenburg,  riM  of  land  near,  &2iL 

Graali,  Capt.,  «n  subsidence  of  Greenland,  5.Sfl. 

Gratiam,  Mrs.,  on  earthquake  of  Chili  in  182*2, 

m 

Graham  Island,  newly  forme<l  in  1S81,  4^ 

 ,  supposed  soctiob  of  48.\ 

Granite  of  the  Hartz,  Werner  on,  iL 

 ,  di.sintegralion  ut,  TZl,  .'t46. 

 ,  formed  at  different  periods,  177. 

 ,  veins  ob.*erved  by  Iluiton  in  Glen  Tilt,  Bl. 

Grant,  Capt.,  on  Chilian  eartttqualie,  Ifii 
Graves,  CapU,  on  diffusion  of  InAvcts  by  winds, 

 ,  survey  of  Santorin  by,  HL 

Gray,  Mr.,  on  Myliln*  wdymorjthut,  fifiji 
Great  Dismal  Swamp,  Virginia,  liL 
Grecian  Archipelago,  new  isles  of  the,  4iL 

 ,  volcanoi  s  of  tbi%        44}i,  4^0. 

Greece,  earthquakes  in.  356. 

 ,  tnulitious  of  deluges  in,  S&fi, 

Greeks,  geology  of.  li  * 
Greenland,  wii'y  colder  than  I^plan<1,  2£ 

 ,  gradual  sut>sldenco  of,  .%Ci. 

 ,  timlK-r  drifled  to  shores  oC  T4A. 

Grevlllt\  Dr..  on  drift  aca-weed,  C28. 
Groins  described,  ai:i. 

GriKtves  iu  rocks  formed  by  glaciers,  l&tL  227. 
2'2.s. 

Grotto  del  Cane,  21i 
Ground  Ice,  'HL 

 tran.sfKirting  rocks  in  Baltic,  2-11. 

Guadaloupe.  human  skeletons  oC  757. 
Guatemala,  active  volcanoes  in,  ft49. 
Guiana,  piirtly  fonncd  by  sediment  of  Amazon, 
1M2, 

Guilding,  Rev.  L.,  on  migration  of  Boa  Con- 
strictor, CbliL 
Onioea  current,  2ii^L 
Guinea,  New,  mammalia  of,  fctS. 
Gulf  stream,  Otj,  29'2.  iW. 

 stream  aids  niliTation  of  flsh,  648. 

Suyot,  M.,  on  glacier  motion,  224. 
fiyrogonltA  described,  I6& 


B. 

Habitationa  of  plants  described,  fili. 
Hales.  Dr.,  on  epoch  of  the  creation.  fiSf. 
Ilall,  Sir  J.,  his  experiments  on  rocks,  oL. 

 ,  Captain  B.,  on  flood  in  valley  of  BanMk 

2iL 

 ,  on  the  trade-wlnds,  22^ 

 ,  on  temple  of  t-erapis.  512. 

 .  Mr.,  bute  GeologiM  of  New  York,  fl^ 

2ia 

 ,  Mr.  J.,  on  temple  of  ivrapis,  512. 

Hamilton,  Mr.  W.  J.,  on  volcanoes  near  Smyrna, 
855. 

 .  Sir  W.,  on  Herculanenm.  3^. 

 ,  on  earthquake  in  Calabria,  4^^.  4-S8,  4S5. 

 .  Sir  W..  on  formation  of  Monto  Nuoto 

8«7. 

 ,  on  emptlon  of  Vesuvius  in  1779.  S77. 

Hamilton,  Sir  C,  on  submerged  bouses  In  Port 

ItoyaL  M!^ 
Ham|tsliire,  Rrander  on  fus.Mls  of  44. 

 ,  submarine  forest  on  coast  oC  I4fi. 

Harcourt,  Kev.  W.  V.  V.,  on  bonea  of  msin- 

motb,  Ac^  in  Yorkshire.  Ifi. 
Harri-s  lion.  C,  on  sunk  veaael  near  Poole, 

75H. 

 ,  on  submarine  forest,  Hamijabire,  T4ll 

Hartmantu  Dr.,  on  fossils  of  Hartz,  4% 

Hartz  mountoina,  ih^ 

Harwich,  waste  of  cliffs  at.  lilL 

Hatfield  moM.  trees  found  in,  I2JL 

Head,  Sir  Kilmund,  on  temple  of  Serapis.  Mi. 

Heat,  laws  which  govern  the  ditTuslon  ot 

Heat,  whether  gradual  decline  uC  in  globe,  lifi. 

 ,  expansion  of  rocks  by. 

Heber,  Bishop,  on  animals  of  Himalaya,  SL 
Heclo.  columnar  ba.<«alt  oi^ 

 ,  eruptions  oC  424. 

Holena,  St.,  bounded  by  lofty  shores,  222. 
Heligoland,  Inroads  of  sea  on.  '^l. 
Helix,  range  of  sf»ecles  ot  fi-V'. 
Henderson  on  eruption  of  Skapur  Joknl,  1781^ 
122. 

Henderson's  Island  described, 

Henslow,  Rev.  Prof,  on  the  cowslip,  iSSL 

 ,  on  dilTusion  of  plant^  g2i. 

Herbert.  Hon.  Mr.,  on  varieties  and  hybrids  la 

plantN  590.  ^ 
Herculanenm.  !i55,  aS9. 
Heroe  Bar,  waste  of  cliff*  in,  311. 
Herodotus  cited,  a  2fiL 

Herschel.  Sir  J.  F7W.,  on  varying  heat  reoefrad 

by  the  two  hemisphe^e^  lillL 
 ,  on  astronomical  causes  of  changes  In  cU- 

mate,  12fL 

 ,  on  variable  Sfdendor  of  stars, 

 ,  on  the  trade-wlndN  21*7. 

 ,  on  h  eight  of  ttna,  89«. 

 ,  on  form  of  the  earth,  Ml 

 ,  on  Geysers  of  Iceland.  555. 

 ,  on  the'  effecta  of  heat  on  seeds.  <'21. 

 ,  on  the  nntlxir's  theory  of  ciluiate,  22. 

Herschel,  Sir  W.,  on  the  elementary  matter  of 

the  earth,  533. 
Uewctt,  CapL,  on  rise  of  tlde^  22L 
 ,  on  currentN 

 ,  on  banks  in  North  Sea,  30S.  Mfh 

Hibbert,  Dr.,  on  tiic  Sl»elland  Ulands  2J»9,  8QSL 
Hilaire.  M.  Goof.  St.,  on  animal  kingdomTiifiL 
Himalaya  mountains,  animals  inhabiting  tbe,Sa 

 ,  height  of  perpetual  anow  on,  112, 

Hindoo  cosmogony,  i. 

 town  burled,  '■'^i. 

Hindostan,  earthquakes  In,  i&L. 
Hlppoi)oiamus  indicates  wannih  of  nvor.  T5. 
Hitchcock,  Keport  on  GeoL  of  Ma.ssaciiusetta,  Itt, 
Uok,  Von,  on  level  of  Casj)ian,  1^ 

 ,  on  encroachments  of  sea,  881.  838. 

 ,  on  earthquakes.  8f>8. 

 ,  on  human  remains  In  delu  of  Ganges,  TW 

 ,  on  a  buried  vessel,  75S. 

Hoffmann.  M.,  on  lavas  of  Vesaviiis,  8TR. 
 ^  on  Etna,  415, 41& 


INDEX. 


82fi 


HoIUnd.  gndaa]  slnklns  of  coast,  SSL 

 ,  inrcmds  of  sc»  In,  8^H. 

— ,  tabmarine  peal  in,  "70. 

Ilooke  on  duration  of  »i)cr!e«,  ST^  ^ 

— -,  on  earthoaikwi,  «L  Sa  idia. 

Hooker,  Dr.  J.,  on  Icebergs  in  anUrctie  Mas, 

 ,  on  tropical  plants,  fili, 

 ,  floral  of  islands  in  Southern  Ocean, 

— — ,  on  flora  of  Oalapagus  l8land^  dliL 

 ,  on  wide  rango  of  certain  planta,  619.  681. 

 ,  on  dclU  ofOangva,  iSQ. 

 ,  on  rain  in  India,  3SSL 

Hooker,  Sir  W.,  un  eniption  of  Skaptar  Jokul, 

 .  his  view  of  the  crater  of  Iho  great  Geyser, 

 ,  on  drifting  of  a  fox  on  ice,  (iSiL 

Hopkin-s  Mr.,  on  glacier  motion,  W4.  22i 

 .  on  thiclinoM  of  earth"*  criist.  IM. 

Hopkins,  Mr.,  on  aslrunomical  causes  of  change 

of  climate,  1'2H. 
•— ,  on  chan};os  of  climate,  8i 
 ,  on  eartltqnakeA, 

 ,  on  M.  E.  de  Beaamont's  theory  of  moan- 

tain  chains,  ITO. 
Hordwell,  Iom  of  land  at,  SIB. 
Homer,  Mr.,  on  brine  sprinjps  247. 
— ,  on  submarine  forest  in  Somersetshire,  223. 

 ,  dissertation  on  coal.  ftL 

Horsburgb,  C'apL,  on  icebergs  In  low  latitudes, 

Horsbunrh  on  coral  l»land^  782,  UsL 
Horses  drowned  in  rivers  in  South  America, 
150. 

Horsfleld.  Dr.,  on  earthquakes  In  Java,  471.  404- 

 ,  on  distribution  of  Mydau*  meiie^pt  iu  I 

Java,  fi^ 
Hubbard.  Prof.,  clte<l.  210. 
Hue,  on  Vaks  frozen  in  ice  In  Thibet. 
Human  race  ireoloj^cally  modern.  mUsL 
Human  remains  in  iM'at  mossea, 

 ,  In  cavcN  7H.'..  iM.  aM. 

 ,  their  daratiility,  147.  liL 

 in  delta  of  Gan'ae*.  7.'>7. 

 In  calcareous  rock  at  Guadaloupo,  ISL 

 in  breccias  in  the  Morca,  7ii5. 

Humbcr,  warp  of  ttie,  2S3. 

 ,  encroachment  of  sea  in  its  ostaary,  Jktk 

Humboldt  on  laws  regulating  diffusion  of  heat, 

 on  preservation  of  animala  in  frolbn  mud, 

S2. 

—  on  di.^tribution  of  land  and  sea,  lOD. 

 on  transportation  of  fte<limcnt  by  currents, 

ail, 

 J  Wis  deflnltlon  of  volcanic  action, 

 on  mud  eruption-H  In  tlie  Andes,  84'<. 

—  on  volcanic  crnntions  In  Tartary,  8&5. 
 on  eruption  of  Joriillo.  iiL 

 on  earthquakes,  4M,  47". 

—  on  distribution  of  »f»ecie9,  dV^,  <il4. 

 on  mleraiions  of  animals,  644,  itZtiLfiSiL 

 cited,  8i  77i  ttL 

 on  earthqtuke  in  New  Madrid,  M&. 

 on  earthquake  of  Lisbon,  4H.V 

 on  mnd  volcatioes,  44s. 

Humboltlt,  W.  von,  on  dawn  of  oriental  dvillza* 
tlon,  6^ 

HumminK-blrds.  distribution,  i!ko.,  97,  (Ua. 
Hunter,  John,  on  mule  animals,  r^>l. 
Huron,  Lake,  recent  strata  of,  7>>s. 
Hurricanes  connected  with  earthquakes,  Z2L 

 ,  plants  drifted  to  sea  bv, 

Hnrst  Castle  shlngio  bank,  hlS. 
Ifntcliinson.  Jolin,  his   Moses's  Prindpla,"  M. 
Hutton,  distinguished  geology  from  cosmogo- 
ny, a. 

 on  igneous  rocks  and  granite,  5L 

 represenU'd  oldest  rock  as  derlvativea,  OS. 

Huttonian  theory,  bl,  fiL 
Hybrid  ra^e^  I^marck  on, 

 anlmaI^  iUML 

—'  plants,  Si£L 


Hydrocen,  deoxidating  power  of  541. 

 .  flame  ol!^  seen  in  eruption  of  Yesuvin^ 

879. 

 ,  why  not  found  in  a  separate  fonn  among 

volcanic  ca.scs,  M*^. 
Hydrophytes,  distribution  of.  617.  g23> 
Hydrostatic  pressnro  of  ascending  lava,  416,  fi&Si 
Hypogene  rocks,  17H. 
Hyracotiierinm,  l-kicene  mammlfer.  142. 
Hytbe,  encroachments  of  sea  at,  iilCt. 


lantMna/raffitin,  its  range,  Ac,,  flOQ. 

Ice,  animals  imb«<lded  in, 

Ice  of  rivers,  transporting  power  oi;  211L 

 ,  drift,  influence  ot,  on  temperature,  &!L 

 ,  predominance  of.  In  antarctic  circle,  2i 

- — ,  formation  of  field,  lOL 

 .  transportation  of  rocks  by,  186, 219,  Q2L 

Icebergs,  formation  of,  9*5^  ftL 

 ,  distance  to  which  tliey  float,  10^  22L 

 ,  limlU  of  glaciers  anil,  22S, 

— — ,  plants  and  animals  transttorted  by,  622,686 

 ,  action  ol^  when  stranded.  22*^. 

 ,  rocks  transported  by.   *Sse  Ice. 

 ,  floating  In  Northern  hcmlsi>here,  6& 

 ,  not  all  fonned  by  glaciers.  223. 

Iceland,  icebergs  stranded  on,  SL. 

 ,  geysers  of.  24«.  .W. 

Iceland,  volcanic  eruptions  in,  124 

 ,  comparison  between  the  lavas  of  Central 

France  and,  4'26. 

 ,  new  island  near.  425. 

 .  polar  bear  drifted  U>,  679. 

Igneous  action.    S/'e  Volcanic 

Igneous  causes.   A'<v  Book  II. 

 ,  the  antagonist  power  to  action  of  ninnlne 

water,  lOS,  563,  IlL 
Ilfoni.  tertiary  strata  at,  KL 
Imbedding  of  organic  remains.  iSm  Foflsilixatlon. 
India,  buried  cities  in,  7^  lAL 

 ,  tern'Strial  mammalia  of.  fl.'^j 

Indo-{>acit1c  province  of  mollusca,  ftlS. 
Indus,  delta  oC  recent  changes  in,  469,  "C9. 

 ,  buried  shi[>s  In,  7.^S■ 

Infusoria  in  bog  iron-ore,  72? 

 ,  in  volcanic  rocks  in  Mexico,  Pern,  Ac.,  8S9w 

Inftisorlal  tufl;  Pompeii, 

Inland  clilT^  no  proof  of  sudden  elevation,  Tiai. 

 sea^  deltas  of;  2iS. 

Insects,  geographical  distribution  of,  f^L 

 ,  certain  types  of,  dlilinguisli  particular 

countries,  fiuiL 
 ,  their  agency  in  preserving  an  eqalUbriam 

of  species,  filL 
 ,  fossil,  T4S. 

Instinct\  migratory,  occasional  development 
In  anim.il.<s  M2. 

 hero<liUry.  IW?,  C2fi. 

 ,  motlified  by  dome^stlcatlon. 

Insular  climates,' description  of,  JfcL 
Invcrne*s-«hlre,  inroa<i8  of  sea  on  coast  ot  !VY1. 
Irawadi,  It.,  silicitlcd  wood  of.  noticed  in  1692, 2^ 
Irolanil.  raised  bea«tios  on  coast  o(  122. 

 ,  rt^tilcs  oC  &liL 

 ,  peat  ot,  and  ft^ssils  In,  T19.  720. 124 

 ,  deposits  In  progress  off  coast  of,  ILL 

Iron,  melting  point  ot,  r><9. 

 in  wood,  pe.it,  Ac.,  122. 

 instruments  taken  np  fl-onx  sea,  7JSSL 

IschU,  hot  springs  ot,  '-'47, 

 ,  eruptions  and  earthquakes  in,  860. 865,  Aud 

Islands,  vegcUtlon  of  iniall,  112, 615^  (3fiL 

 ,  animals  in,  &ia 

 formed  by  the  Ganges,  27fL 

migrations  of  plants  aided  by,  622. 

 ,  new  volcanic,  43.  425. 4Si. 

 ,  coral,  2JL. 

 of  driftwood,  5ML 

Isle  of  Purbock,  vertical  chalk  in,  S1£L 
Isle  of  Wight,  mammiferous  fosftils  o(  liL 
— ->  waste  of  its  shore^  817. 
laotbennal  linea,  Humboldt  on,  9^ 


■ 


826 


CSDEZ. 


Italian  ireolAitifta,  their  priority,  19,  ^ 

 of  Ui«  IbUi  century,  ai 

Italy,  tertiary  strau  of;  6^  Z4 


#. 

Jack,  Dr^  on  island  of  Pnio  Nia^  TSL 
Jamaica,  emrthqnake^  In.  iV/),  504.  filL 

 ,  stR>ei<lcnc«  in,    ' t.  ',<]  7. 

 ,  rain  diminiAhetTln,  by  fcUln^  of  foroata, 

718. 

 ,  a  town  iwept  away  by  »ea  In,  781. 

JaT«,  Tolcanoca  and  cariiiquakos  in,  854.464. 498. 

 ,  ralley  of  poison  in,  8&8. 

 ^  tubatdenca  of  volcano  of  Papandayaa;  In, 

—— ,  riT«r^oods  in.  BM^  74^  ILL 

Jonca,  Sir  W.,  on  lnatltut«a  of  Hindoo  law,  L 

Jomllo,  eruption  of  M9,  4i'^. 

Joan  Fomandet  857,  4.*.a,  Q=fi. 

Jukce,  Mr.,  on  ctltTA  in  ihland  ofTinKtr,  7SL 

 ,  on  Tolcanic  Islands  near  Java,  854. 

 ,  on  coral  net,  lik 

Jara,  Saassure  on  the,  ilk 
Jalland,  Inroads  of  sea  In,  8Ml 


Kamtachatka,  volcanoes  in,  853. 

 ,  new  isUnd  near,  46'*. 

Kangaroo,  extirpation  o(  in  Australia,  fL^ 
Kaahmir.   Se^  I'luhmere. 
Katavothroos  of  Urc«««,  br«odaa  formed  in, 
184. 

Kazwinl  on  cliangca  in  poaiUon  of  land  and  aea, 

IS. 

Keilliau,  Prof,  of  Ctiristtana,  on  obangoa  of  level 

in  Norway,  6».  63L 
Keith  on  dispersion  of  plants,  fiSlL 
Kent,  loss  or  land  on  coast  o(  812. 
Kentucky,  caves  in  limestone,  788. 
Keyserllnp.  Count,  on  lowland  of  .Siberia,  64. 
Kinriirdln«cslilro,  village  In,  washed  awnr  by  sea,  I 

King,  Captain  P..  on  hamming  birds  in  Tierra 

del  Fuego.  9L  M«. 
— — ,  on  currents  In  Htndta  of  Magellan,  29fi. 

 ,  on  coral  reelS,  liiSk 

King,  Mr.,  on  cattle  lost  in  boot  in  Ireland, 

 ,  on  submerged  cannon,  lilL 

Kinnonly,  Loch  ot,  insecU  in  marl  in,  Z4S. 

 ,  canoe  in  i>eat  of,  I'fJ. 

Kirby,  Kev.  Mr.,  on  ini»ecUs  6t»6,  656,  678. 614. 
Klrwan,  hU  geological  E."«ays,  &S. 

 ,  on  connection  of  geology  and  religion,  fifi. 

Knight,  Mr.,  on  varieties  of  t^uit  trees,  5S9. 
Kdnig,  Mr.,  on  Guadaloupo  human  skeleton, 

 ,  on  foaallt  fW>m  Melville  laland,  8S. 

Koran,  cosmogony  of  the,  IL 

Kotzcbne  on  drifted  canoe,  iifiS. 

Kunker,  concretionary  limeatone  of  Gangea,280. 

Kurilo  blca,  active  volcanoes  in,  2!^ 


Labrador,  drift-timber  of,  745. 

 ^  rocks  drifted  by  Ice  on  coaat  ot,  SSSSL 

I^ccadive  Islitml-t.  7y2. 

lAgoooB,  or  salt  lakes,  in  delta  of  Rhone,  2^ 

 .  of  coral  islands  IM. 

Lagullas  current,  95. 

Lagnnes  on  coast  of  Adriatic,  SSfi> 

Lake  Erie.        Erie,  Ijike. 

of  Genera.   Se«  Geneva,  Lake  ot 

 ,  Maeler.  'ai^ 

 ,  Superior.        Superior,  Lake. 

LakeN  filling  up  oC  '2L± 

 .  fonnation  ot  in  bMln  of  MlaaiaaippI,  46$, 

 ,  formed  by  eartbqnakea,  4M,  4S1, 


Lakea,  creacaptHihipod,  tn  pUrin  «f  MisslaBl^ 

 ,  Canadian,  strata  forming  in, 

Lamarck,  his  definition  of  si>ecl<«,  SjSL 

 .  on  tranamotatioo  of  apadea,  5^7,  5^7, 4WG. 

 ,  on  conversion  of  orang  into  man, 

 ,  on  numbers  of  jiolyp*;  7iXL 

Lancashire,  fossil  cano«s  In.  T:»9. 
Lancerote,  eruptions  is,  -W. 
Land,  quantity  oC  in  northern  and  aoatbam 
be^lUph(■re^  li»^  V;^  UlL 

 ,  upraised  at  successive  periods,  11^,  119. 

 ,  prooft  of  existence  ot  at  all  period*,  isa. 

 f  proportion  of  sea  and,  Vi< 

 ,  elevation  ot  how  cauied,  ITlj  4^3t467.4B0. 

LandallPH  819.  881. 480.  SOS. 

 ,  imbedding  of  organic  remains  by,  TJfi. 

I^jkngucdoc,  deposits  on  coast  of.  21>l' 

Laplace  on  change  in  tiie  earth's  axis. 

 on  mean  depth  of  .\tiantic  and  Pariflc,  1"4. 

 on  no  c<intraction  of  globe,  L2. 

 on  mean  den-Mty  of  tiie  earth,  .W^ 

Lapland,  why  inlKler  than  Greenland,  H, 

 ,  migrations  of  animals  in,  SSL 

Lateral  preaaure  canited  by  landslipiv 

 pressure  in  Andes  and  Alps  ILL 

Latham.  Dr.  R.  O..  on  Natural  lli^torr  of  Man.  609. 

Lauder.  Sir  T.  l)^  on  floods  in  Scotland, 
6SG,  731*,  US. 

Lava  excavated  by  rivers.  21& 

 ,  effects  of  decomposition  on.  fflSL 

 ,  flowing  ©t  under  water.  8S.1. 

 ,  hydrostatic  pressure  of  ascending. 

 of  Icelan<l  and  Central  France,  4.'f..  4^7. 

 ,  comparative  volume  of  ancient  and  mod- 
em, 161,  4iiL 

 ,  pretended  diatlnction  between  ancient  and 

raooem,  488>. 

 ,  mineral  comporftJon  o(  449.  !&L 

 ,  rate  of  flowinc,  STH,  ML 

Lazzaro  Moro.   ^«  Moro. 

Lehfaan,  treatise  ot  1759,  40. 

I^ibnitz.  theory  ot 

I..cldv,  Dr.,  on  'rriscodolpbinoa,  lift, 

I..cmlngs,  migrations  ot  SlL 

I^ena,  K.,'foMil  l>one5  on  banks  ot  7SL  SO. 

Leonardo  da  Vinci,  Ifi. 

Lewea,  human  bones  in  tumalos  near,  78>. 

— ,  estuary  recently  filled  np  near,  748.  768. 

Liege,  caves  near,  liu. 

Light,  influence  ot  on  plants,  Sfi. 

Lightning,  clfcct  ot  in  t^hetlnnd  Islands, 

Lignite,  conversion  of  wood  into,  ''<S- 

Lima  destroyer!  by  earthquake,  5!lL 

 ,  elevated  recent  marine  strata  at, 

Lime,  whence  derived.  I3fi. 

Lincolnshire,  Inroads  of  sea  on  coast  ot  S(t4. 

Lindley,  I>r.,  on  fbaail  plants  of  Melnlie  Ialand% 
hi 

 ,  on  number  of  plants^  IflSk 

 ,  on  dispersion  of  plants,  SSSL 

 ,  on  fo*!>ll  planta  of  coal,  ^  ISL 

 ,  cited,  ISL 

LinniBua  on  fliling  np  of  Onlf  of  Bothnia,  SSL 

 on  subsidence  of  Scania.  f>-'V). 

 on  constancy  of  specie*,  ftti*-. 

■      on  real  existence  of  genera,  5Z& 

 on  diffusion  of  planta,  feii, 

 on  introduction  of  apeolea, 

 cited,  flIL 

LionnesM  tradition  in  C/omwall.  821. 
Lippi  on  llerculaueum  and  Pompeii,  8S7. 

LI  (Ml  OS,  LL 

Lisbon,  eartbqnakea  at,  85^  4^ 

Lister,  flr«t  proposed  gcolo^cal  maps,  2S. 

 on  fossil  shelK  :X]L 

Lloyd.  Mr.,  on  levels  of  Atlantic  and  PaciBe,  t91 
Loa,  Mount,  volcano  of  Sandwich  lalea,  t^isL 
Locnsta,  devastaliona  of,  £14. 

 ,  bank  formed  in  sea  by,  fil& 

Loess  of  the  Rhine,  1S& 

 of  the  MLwiMtippI  valley,  iS^ 

Loire,  tertiary  strata  of  the,  14i. 


L  y  ^  .d  by  Google 


INDEX. 


822 


London,  art«s{un  wells  ne&r,  iSL 
London  basin,  lortiary  <Jef>09lt3  ot,  12L 

 clsy.  lufi)»vK  lAt 

Low«sto(r  Ne«*  (IwK-rTWd.  3o9. 
— cliflDi  untif rinfn«<l  n«ar,  &fl8. 
Lowlanil  of  Slb«ri».      en,  88,  SJL 
Lucklpour,  on  the  Gance-s  '2^  !iIL 

 ,  new  islands  fornie  l  near,  iLL 

Lackput,  »Ut>alclcnc«  near.  4t'»>>. 
Land.  Dr.,  on  foasil  quadrumana,  IIL 
Ljblan  »and»,  cararans  orerwhrlmed  bj,  XSL 
Lyra«  ICeirK  waste  of  cliffs  at, 
Lym^Ftord,  brracbea  made  by  the  sea  in,  £10. 


-  M. 

MAcCieitand,  Dr^  on  «artbquke«  In  ChltUgong, 

 .  on  Tolraalo  line  In  Bay  of  Bengal, 

MaoCollocb,  Dr.,  on  imulalion  from  peat  to  oonl, 

niL 

 on  origin  of  llmartoncs,  IfllL 

Uacacua  pliocenos  of  Owen,  foull  in  Tilley  of 

Tbam©^  \U. 
— ,  Suffolk  Eocene  apedes,  Ilk 
Macalnba,  In  Sicily,  mud  volcantKA 
Mackenzie,  Sir  G.,  hia  Mction  of  tr^y s«r,  f»56. 
— .  on  reindeer  In  Iceland,  fi>6. 
Mackenicic  Klver,  driftwood  ot,  W^US. 

.  HowU  of,  M. 
Haciaren,  Mr.  C.,  on  Graham  Itland,  i-V>. 

 ,  on  quantity  of  uacfbl  soil  Id  America,  fiSL 

— ,  on  {msition  of  American  foreat*,  ILL 

 remarks  theory  of  alolK  "'A*. 

Macmurdo,  Captain,  on  earthquake  of  Catch, 

*60. 

Madacaacar.  extent  of  coral  near,  77ft. 
——,  assemblage  of  quadrupeds  in,  M2. 
Madrid,  New,  itrreat  earthquake  at,  l&k 

 ,  mink  country  near  it,  SZiL 

Maeler.  lake,  521,  b2i 
Magellan,  StraiU  of,  tides  in,  22L  221 
Magnesia  deposited  by  springs,  ^1 
Maxneaian  llmoatone  and  ^vertin  compared. 

Magnetism,  terreatrlal,  phenomena  of, 

 ,  aolar,  122.  . 

Mahomet,  his  coamoeony,  IS. 
Malabar,  coral  near, 

Maldlve  Iftlanda,  coral  reefs  ot,  77 ^.  7ri-i. 
Mallet,  Captain,  on  petmleum  of  Trinidad,  2^ 
Mallet,  Mr.,  on  the  dynamica  of  earthquakes 
458.  iia. 

,  on  whirling  motion  during  earthqnakea, 
 ,  cited,  aSQi 

 ,  on  transit  of  the  earth-ware,  ISi 

 ,  on  theory  of  waves,  i2i 

Mammalia,  different  regiona  of  indigenooa.  SH. 
 k  (bsell,  of  8ucoeaaiT«  tertiary  perioda, 

 .  imbedding  ol^  in  sabaqaooua  atrata,  749. 

'•Mi. 

Mammifer,  flmil  of  triat,  187. 

Mammoth,  Siberian,  75^ 

— ,  bones  ot  In  Yorkshire.  76l 

Man,  recent  origin  ot,  liL  1S|,  687. 14L 

 ,  why  able  to  lire  in  aircTlmates,  §tA 

 k  difl^sion  oi;  657. • 

 k  chanjea  caoaed  by.  150,  1S2,  m\  668,  &S1. 

 ,  durability  of  the  bonea  of,  14L  I^L 

 ,  remaina  ol^  in  ooaeoua  breociaa  of  Mor«a, 

m 

 ,  his  remaina  and  works  ftiaall,  VS. 

Manctho,  ^ 

Mantell,  l>r.,  on  bones  f^om  Saxon  tamulna, 
— on  I.,ewea  lerela,  748^,  768. 
Map  of  Siberia,  14 

 ,  of  World,  showing  proseat  nnequal  diatri* 

batlon  of  land  and  sea,  11'). 
•— .  showinK  r>osltion  of  land  and  sea,  which 

might  prodneo  extremes  of  heat  and  eold,  IIL 
,  of  £arope,  showing  extent  of  land  corarad 


by  sea  ainoa  oommeneemant  of  tmilary  parlod 

(PL  U  liL 
M^^ofcbast  fh>m  NIeapoit  to  month  of  Elbe, 

  of  Tolcanoea  from  Pblllpplna  Islands  tc 

Benga],  8S1. 

 or  volcanic  district  of  Naplea,  861. 

 of  Gulf  of  Santorin,  4iJL 

 of  Chill.  iM,  ^ 

 of  Cutch,  ililL 

 of  Calabria,  Hi 

 of  Sweden.  LiL 

Maracaybo,  Lake,  AM. 

Marine  denoslta,  imbedding  of  land  quadmpads 

In.  749.  iLiL 

 ,  of  human  remains  and  works  of  art  in, 

 ,  of  freshwater  species  In,  76,< 

 ,  plants  and  animals  imbedded  in,  TUL 

Marine  vogctallon.  CIT^  62i 

Marl  lakes  of  ScotlandTanlmala  and  pUnta  foast!- 

l2e«l  In,  m 
Marslli.  on  arrangement  of  ahelb  In  Adriatic,  86. 

88.40. 

 ,  on  depoalta  of  coasts  of  LAngnedoc,  2fiQ> 

Marsupial  anlmala,  diatrlbntloo  ot,  S£k 

—  fosfii,  m 

Mftrtl?ny  destroyed  by  floods,  21 L 
Martins,  on  drifUng  of  animals  by  the  Amaaon, 
ML 

 ,  on  Braxll,  flS2. 

Maryland,  whirlwind  in.  fiU, 

MattanI  on  fossils  of  Volterra,  84. 

Mattloll  on  organic  remains,  'il. 

Mauritius,  reef  uplifted  attove  level  of  sea,  1$L 

Mediterranean,  microvopic  testacea  of^ 

 ,  deposition  of  rait  in  the,  Si4. 

 ,  new  island  In,  4:V2. 

 ,  iu  temi>eratare,  depth,  level,  ke.,  4^  >K 

8»4, 

 ,  same  level  as  Red  Sea,  2^ 

Mozna,  R.,  arm  of  Brahmapootra,  2ISi 
Melville  Island,  fossils  of,  ]t(L 

 ,  migrations  of  animals  into,  dML 

Melville,  Dr.,  on  dodo,  jb4 
MeronhK  In  delta  of  Nile.  2fiL 
Mendip  Hills,  caves  of,  T87. 
Menu's  Institutes,  4,  b. 
MorcatI  on  or^nnic  remains,  22. 
Merx'y,  vewT  In  bed  ot  75'<. 
Messina,  tide  in  StmlU  ot  390. 

 ,  earthquakes  at,  477, 4s^  42Q. 

Metallic  niiclcuA,  theory  of  an  unoxidated,  {tlJk 
Metallic  substances  changed  by  submersion,  759. 
Metamorphtc  rocks,  how  formed,  IIL 
 ,  of  the  Alps  lis, 

 ,  "why  those  visible  to  ns  most  b«  Tcry  an* 

cient,  113. 
Mexico,  Gulf  ot  tides  in. 

 k  currcnU  In,  96, 

 >  volcanoes  ofWO,  M<'i. 

Meyen,  Dr.,  on  earthquake  In  Chill,  1S33, 
Micbeli  on  phenomena  of  earthquakes,  IL 

 on  the  eeolojry  of  Yorkshiro,  4i 

 on  earthquake  at  Lisbon.  iiiL 

—  on  retraat  of  the  saa  during  aartboaaka^ 
49H. 

 on  wave-like  motion  of  earthqnakea, 

 on  earthanakes  cited,  499. 

Microlostea.  triaasic  mammifer,  13%  1 
Middendorf,  Mr.,  on  t^iberian  mammotB,BL 
Migrations  of  plants, 

 of  animals  GJlk 

 of  cetaces  fiET 

 of  birds  ^ 

 offish, 

 of  ioi>phytcs  ^a, 

 of  Insects  fiii. 

Migratory  ;>owers  indispensable  to  animals  68>. 
Milford  Haven,  rise  of  Udea  at,  S9L 

Millenninm.  20^  82^ 

Mineral  waters  their  eonnacilon  with  Tolcanoa^ 

2JiL 

 ,  Ingredients  moat  common  in.  8»«  Spraifli, 

287. 

Mlnaralizatlon  of  plaata,  liL 


828 


INDEX. 


M!n«,  h*»t  in,  atisrmonts  with  thf  «!*pth,  BKi 
Miocene  »trala  of  r'tilTolk,  futwil^  of.  liL 

 ,  proportion  of  Jiving  specie*  In  fossil  shells 

of  the, 

MlMisi'lppi,  its  conr«e,  delta,  At,,  21^ 

 ,  drift-wood  of  the,  'if,'. 

 ,  e&rthqoakes  In  vtlley  of.  270i  85a 

,  antiquity  of  delta  of.  2LL 
,  earthquake  retion  of,  ifil. 
— ,  bankn  higher  than  swamp*, 
MtaBoarl.  It.,  m 

Mitchell,  Dr..  on  waste  of  cliff*,  filL 

Moel  Tr.'fane,  recent  tnarinc  shells  on,  122. 

MoUusca.  Ttntaeea. 

 ,  pr,jvlnce*  oC  feilL 

MolliiM»U8  animals,  loncevlty  of  spocJea  ot,  IfL 

Moluccas,  eruption*  in  the,  .VH. 

.Monkev\  Ibwil,  111. 

Monte  "Ilarharo,  de'cription  ot,  873. 

 Bolca,  fnv<iil  fl.«h  oC  iL 

 Nuovo,  formation  of,  Sfl?,  615. 

—  Somma.  structure  of,  8^*2. 

Monti  K<»«1  on  Ktna  descrihed,  807,  399,  iSS. 

Montlovler.  on  Aurenrne,  42. 

Moraines  of  piaclen^  ^  22S. 

Moniy»hire,  town  In,  destroyed  by  sea,  SStL 

 ,  effect  of  floo<ls  In,  I3<1. 

Morea,  Ceramiqiie  of,  7:M. 

— ,  osseous  breccias  now  formlnjr  In  the,  734. 

 .  human  remains  Imbedded  In,  Lii 

Morlot,  on  subsidence  In  Adriatic,  2^7. 

Moro,  Lazzaro,  his  peolo^ical  views,  34. 

— ,  on  primarj-  rocks,  i>i 

Morocco,  earthquakes  at,  .'V>^ 

Morton.  Dr.  tL  (}.,  on  hybrids  and  species,  601. 

Mountain  chains  on  tiie  elevation  of,  Sii. 

•  .  theory  of  mdden  rise  of, 

Moya  of  the  Andes  descrllK-d,  84«,  4IQ. 
Mud  emptions  in  Quito,  1797,  845. 

 volcanoes,  i47. 

Mules  sometimes  prolific,  fifll. 

Murchlson,  Hir  IL.  on  the  Ilartz  mountains, 

 ,  on  tertiary  deposits  of  tho  Alps,  119. 

 ,  on  (teogra'phy  of  Siberia,  7S,  ^  LiL 

 ,  map  of  Kussla,  12ii 

 ,  on  depression  of  Caspian,  157. 

 ,  on  travertin  of  Tlvoll,  'ili 

 .  on  lerllarv  deposita  of  Alps,  1'24. 

Muwhelkalk.  liflL 
Mi/'ItiM  mf  lie  fit*,  f<fl<>. 
Myrmfeofjiiin,  ftt$riittui>, 
IfjftUu4 pdymorphu*,  CSiL 


Nantucket,  banks  oC 

Naples,  volcanic  district  round,  8<$1. 

 ,  recent  tertiary  strata  near,  LL 

Karwal  stranded  near  Boston,  771. 

 ,  fosall  near  Lewe-v  7 fit'. 

Nasmyth,  Mr.  on  nuncondactlbUity  of  dry  land 

and  clay,  413. 
Needles  of  l*le  of  WIpht,  21R. 
Netrro  pbyBiognoroy  traced  back  8000  years, 

660. 

Neill  on  whales  slranded,  771. 
Nelson,  Lieut.,  on  coral  reelh,  793. 
Nei>tune,  temple  of,  under  water,  Mft. 
N^tanlsta  and  Vulcanilta,  rival  (icU<>ns  of,  50, 

Nerbuddah,  river,  105. 
Newbold,  Lieut.,  on  mod  of  Nile,  2fi2. 
Newfoundland  cattle  mired  In  bops  of,  72Jw 
Newhaven.  Its  clifTs  nnrlermlne<l,  317. 
New  Holland,  plants  oC  11^  filA 

 ,  animals  of,  C-'to. 

 ,  coral  reefs  of,  77ft,  I2L 

New  Ksmenl.  formation  of,  448. 

New  Mailrid,  U.  S  .  earthquake*  at,  3^<^  4«<l 

New  Zealand,  aniniala  in, 

tree  ferns  in, 
Niagara.  Falls  of,  '.Mt. 
— ,  Uielr  recession,  'JIT^  2iL 
 ,  height  of;  ilfi. 


NIfiroHnl.  M.,  on  Temple  of  ffempfs.  51i 
Nleolosl  destroved  by  eaithquakc,  .iW- 
Nilc,  K..  delta  of  the,  26L 
 .  dUea  buried  under  blown  sand  near  tlit 

— — ,  swept  away  by  flood  of. 

Nllson,  M.,  on  subsidence  of  Scania,  33H. 

 ,  on  mlpiitlons  of  eels,  <>4«i. 

Nitroffen  In  sprlnpi,  710. 

Nomenclature  of  (teolo^.  remarks  on,  13& 

Norfolk.  wa*te  of  cliffs  of,  aiS. 

— — .  gain  of  land  on  coast  oC  808l 

North  Cape,  drift-wood  on.  iiTt. 

Northumberland,  land  destroyed  by  sca  la, 

Norway  ttee  from  earthquakes,  .V»l- 

— ,  rise  of  land  In,  192,  W7,  li£L 
Norwich  once  situated  on  an  arm  of  the  sea,  Sfl. 
Norwich  Craff.  fossdis  of.  U2. 
NovaJscotIa,  rb«  of  tides  In.  302. 
Nummulltlc  limestone,  124. 
Nymphs,  temple  of,  under  water.  M6 
Nyoe,  a  new  island  furmod  In  17S3,  4^  iSa 


a 

Obl,  R.,  fossils  on  shores  of.  gL 
Ocean,  permanency  of  Its  level.  51^ 
(Kloanll  on  tertiary  strata  of  Italy,  4i 
Oer9te<l,  discoveries  of.  .vt:! 
tV-j-pian  delotre.  ."il9.  S.Vi. 
Ohio,  Junction  ofTwlih  MissUslppl.  S&U 
Oldham,  Mr.,  on  raised  sca  beaches  in  Ireland, 
1>2. 

Old  red  sandstone  formation,  fossils  ot  13.%  193. 

Old  red  sandstone,  reptile  In,  lai. 

Ollvl  on  fo«*ll  remains  ^ 

Omar,  an  A  rablan  writer,  IL 

OnUrio,  Lake,  distance  ttom  Niagara,  215. 

Ch.lite,  fossils  of  the,  131 

Oollilc  Mrnctnre,  recent,  In  Lancerote,  Ac,  4SL 
Orang-outang  chanjce  of.  to  man,  .^7.^- 
OrMjniy,  M.  A.  de,  on  I'ampean  muil,  170. 
Orpinlc  remains,  controversy  as  to  real  natort 
of,  UL 

 ,  imbedding  of    S**  Fossillzatlon. 

 ,  importance  of  the  study  of, 

 ,  abrupt  transition  from  those  of  the  moodiV 

ary  to  those  of  the  tertiary  rocki,  120. 

 .   See  also  Fossils. 

Oriental  phi!i>soi>hers.  JO. 
Oriental  cosmogony,  L 
Orkney  Islands,  waste  of.  801. 
Orleans  New,  ground  sinking,  269. 

 ,  trunks  of  trees  in  soil  of  delta,  2^ 

Osseons  breccias  7!iS.  73fi  741. 

Otahclte,  coral  reefs  oC  7>t, 

Oujeln.  buried  Indian  cftyTliS. 

Ous«,  II..  has  filled  up  an'arm  of  the  Sea,  144. 

Ovid  cited.  10,  Sia. 

Owen,  ProL,  on  b<>nes  of  turtles,  IISL 

 ,  on  the  dog  and  wolf. 

 ,  on  tertiary  mammalia,  142, 144. 

 ,  quote<l,  W. 

 ,  teeth  of  mammoth,  li. 

 ,  on  Britl<>b  foMil  mammalia  and  birds,  18T. 

Owhyheo,  7S7. 

Oysters  Ac,  thrown  ashore  alive  by  storm,  773 
 ,  migrations  of;  (i&S. 


P. 

Paclfle  Ocean,  depth  oC  IM. 

 ,  lU  height  above  the  Atlantic,  221 

 ,  subsidence  greater  than  elevation  in,  TCT. 

 ,  coral  and  Tolcanlc  islands  of,  3M,  776,  ISft 

ral«>othcrium  of  Isle  of  Wight,  142, 
Palestine  shaken  by  earthquakes,  2S&. 
PalUsy  on  organic  'remains  'i^ 
Pallas  on  mountains  of  Siberia,  4A. 

 on  Caspian  Sea,  45. 

 on  fossil  bones  of  Siberia,  45,  79^fi!L 

 cited,  m 


INDEX.  « 


829 


Palmer,  Mr.,  on  sblngle  beoclioa,  SIS,  S2SL 
Palms,  rare  in  carboniferous  grunp,  S5. 
Patn|>u,  gradual  riso  oC  ITO. 
Panama,  tides  in  Bay  of.  232. 
Papandayans,  erujition  of.  493. 

 ,  lis  cone  truncated,  40'.i. 

Papyrus  rolls  In  IIerculaneum,8Sh2. 
Paradls«.  Burnet  on  8«at  oC  22. 
Parana,  R.,  animals  drifted  down  on  raAs  by, 
SAL 

 .  anlmaU  drown»*l  in,  fi2fi. 

Part;*  basin,  fonnatloiia  of  tbc,  liL 
 .  foAslls  of  the.  Ui 

Parish,  Sir  W.,  on  Inroada  of  sea  daring  ettrtb- 
quakes  429^  bi£L 

 ,  on  driftln::  of  animals  on  floating  rafU,  filL 

 ^1  on  eTcat  droughts  in  9.  America,  01^ 

 ,  on  flofnls  of  Parana  K ,  iliL 

Parma,  tertiary  strata  near,  Lk 

Paroxysmal  energy  of  ancient  causes  contro- 
verted, 174. 

Parrot,  on  Caspian  Sea,  liL 

Parrots  near  Cape  Horn,  91. 

Parry,  Optain,  blghest  nortbem  latltn<le  re«c)tcd 
by,  as. 

 ,  on  mttrration  of  poUir  bear,  (KO. 

on  animals  of  Melville  Island,  640. 
Patasonla,  tide*  on  coast  of,  'JUL. 
Pavilsnd  cave,  T:U. 
i^eat  in  delta  of  Gnnses. 
— ,  on  preservation  of  fossils  In,  71L*19»  Mi 

 ,  dbtrlbullon  oi;  lUL 

 ,  boffs  bursting  of,  i2L 

 ,  submarine,  liL 

Peal  of  Great  DiAiiml  Swamp,  Virginia,  121 
Pembrokesbiro,  Ium  of  land  in,  SIL 
Penco  destroyeil  by  earthquake,  i22. 

 ,  elevation  near,  !t>MX. 

Pennant  on  wxsto  of  Yorkshire  coast,  SQL 

 ,  on  miiaaiion  of  animals,  17^  tkll,  JSL 

Pentagonal  network  of  mountain  chains,  M.  £. 

de  Beaumont  on,  170. 
Penzance,  l»sa  of  land  near,  i^2.t. 
IVrniian  rocks,  reptiles  in,  IM. 
iVron  on  dbtrlbullon  of  species,  fi4I. 
Perrey,  )|.  Alexis,  on  frequency  of  earthquakes 

in  winter,  ML 
Persian  Gulf,  coral  In.  77 iL 
Peru,  volcanoes  in,  iUL 

 ,  earthquakes  in.  :^47.  iA)\. 

Peruvian  tra<litlon  of  a  great  llood,  S,  SQ2. 
Peterbooil,  wliale  stranded  near,  7t  1. 
J^hatcolotheriutn  Bucidandi^  liifi. 
Pbilippi,  Dr.  A.,  on  fossil  tertiary  shells  of  Sicily, 

Pbltllps,  Mr.  J.,  on  waste  of  Yorkshire  coest, 

.s«u 

I'hIcsnMn  fleld^  volcanoes  ot,  213. 
Physical  Oeotfrai>hy.    AV«  Geography. 
Pic'tra  Mala,  intlammablo  gas  of,  11. 
Pig%  instincu  of, 

 swim  to  ereat  distances, 

 ,  fossil,  LfeL 

Pdia,  M.,  on  Monte  Somma,  331 
Pindar  cite«l,  «9«>. 

Plngel,  Dr.,  on  subsidence  of  Grocnbuid, 
Plsolltic  limeMone  of  France,  l:iSL 
Pitch  lake  of  Trinidad, 

Plants,  carboniferous,  wide  geographical  range^ 

 ,  varieties  In.  nrodncod  by  horticulture, 

 ,  extent  of  vanatlon  in,  .'ofl- 

 ,  their  geographical  distribution,  97,  Hi, 

613. 

 ,  dispersion  of.  fiH. 

 ,  stations  of;  614^  CiilL 

 ,  equilibrium  among,  kept  up  by  insoct^ 

——,  number  of  terrestrial,  7(a 

— — ,  imbe<iding  o%  In  subaqueotu  deposits, 

74-2,  Itii  IIiL 
— .  on  number  which  are  now  beoomlng  fiMsIL 

 ,  mineralization  oC  liL 

FUnta,  foesll,  of  tbc  i.oal  strata,  SL 11$.  1^ 


I  PlasUo  clay  fossils  lil 

Plastic  force,  fussil  shell  ascribe<I  to,  2). 
I  Playfair  on  lluttonlan  theory,  M.  &L 

 on  instability  of  the  earthTsurfaoe,  212 

 on  gradual  rise  of  Sweden, 

 on  form  of  the  earth,  5-34. 

Plieninsrcr,  Trofesaor,  on  trlasslo  mammlfer,  18L 

Pliny  the  Klder.  UL 

 on  delta  of  Khone,  2^3. 

 on  islknds  at  the  mouth  of  the  Texel,  829. 

 ,  killed  by  eruption  of  Vesuvius,  a.  d.  70, 

Pliny  the  Younger,  on  Vesuriua,  ML 
Pliocene  strata,  fossils  ot^  liL 
Plot  on  onranic  remains,  2iL 
Pluche,  ttieory  oC  1732,  aa. 
Plutonic  rocks,  how  formed,  1*'!. 

 action,  changes  produco<l  by,  176.  US. 

Po,  R.,  2UL 

 frequently  shifts  Its  coarse,  252. 

 ,  euibankmont  of  the,  2&iL 

 ,  delta  of  the,  ^ 

 ,  subsidence  in  delta  of;  2iiL 

Pohson,  M.,  on  astronomical  causes  of  changes 

In  climate,  L£L 
Polyps.   Ste  Zoophrteft. 
Pomerania,  fos»il  Bhi(ts  In.  7^ 
Pompeii,  iiow  d<»siri>yed,  8G5,  iWa,  SgT. 

 ,  section  "it  the  mass  enveloping,  Ail 

 ,  objects  preserved  In,  890. 

 ,  Infusorial  bods  covering  It, 

Pont  Glbaud.  gneiss  decomposed  at,  848. 

 .  r^lcareous  springs  near,  iJ^il. 

Poole  Bay  cut  Into  by  sea,  i<l'.>. 

Popayan,  volcanoes  and  earthquakes  in,  &12L 

PoriLind,  fo&sil  ammonites  of.  'IS. 

 ,  its  peninsula  wasting. 

Port  Koyal,  subsidence  of.  501.  517.  C91.  TllL 

Porto  I'raya,  Azores,  calcareous  Stratum, 

Portugal,  earthquakes  In.  858. 

PorzIo  on  formation  of  Monte  Nuovo,  8C9,  871. 

Post-tertiary  formations,  1S4 

Precession  of  the  equinoxes,  IQQ.  &SL 

Prentice,  Lieat,  on  coral  reef  In  Maldlve^  Hi 

Pressure,  effects  of,  171. 

Prostwich,  Mr.,  on  artesian  wells, 

Prevost,  Const.,  on  Stonefleld  fuaail  mammalia, 

18S. 

 ,  Const,  on  gypseous  springs  2iiL 

 ,  on  rents  formed  by  unheaval,  871. 

 ,  on  new  island  in  Me<llterranean,  HS^^ 

 ,  on  geological  causes,  7l><. 

 ,  on  osseous  breccias  of  cavos,  Tflfl 

Prevost,  Pierre,  on  radiation  of  beat,  28. 
ProvoHt.  Mr.  J.  L.,  on  number  of  wrecked  ves 
sels  ~'tf>- 

Primary  fossiliferous  rocks,  fossils  oi;  ILL 
Priscodelpbinus,  cetacean,  of  chalii,  iAL. 
Pritcbard,  Dr.,  on  Egyptian  cosmogony,  S. 

 ,  on  recent  origin  of  man,  14J. 

 ,  on  hybrid  races,  &^ 

 ,  on  facial  angle,  60S. 

 ,  on  distribution  of  animals,  629.  ttL 

Procida,  island  ot  ancient  writers  on,  860. 
Progressive  development,  theory  oli  13'>-1,V? 

 ,  In  animals,  Lamarck's  theory  of;  .V.T 

Provinces,  geojraphical,  of  Testacea,  liilL 

Provinces,  zoological  and  land  quaJrupc<Ls  C'^l- 

Pterodactyles,  LiL 

Pulo  Niaa,  upraised  coraWn.  70 1. 

Purbock,  Its  peninsula  wnsting,  -'tl^ 

Pursh  on  plants  of  Cnlted  States^  (LLL 

Puzzuoli,  I'empio  of  Sernpis  near,  fillL 

— ,  lolnnd  clitfs  near.  5o>,  51ii. 

 ,  date  of  re-elevation  of  coast  of,  515k  il^ 

 ,  encroachment  of  sea  near,  515. 

 ,  coast  near,  now  subsiding,  M('>.  ' 

Pyrenees,  their  relative  age,  beigbt,  Ac,  IfQ 
Ififi. 

Pythagnraa,  system  oi;  llL 
 ,  on  Etna, 


L  y  ^  .d  by  Google 


830 


INDEX. 


Qnadnimftna,  fowil,  144. 

Qiia<lru[K><!5,  domestic,  mtritiplj  in  America, 

 ,  repions  of  in^llJffnotl^  fi^rt.  Kl(i. 

 ,  Imtodding  of  tenvstiial.  111!. 

Qncbec,  climate  o(  8^ 

 J  <>«irthqaakp§  in,  470. 

Qneeustuwn,  C'juiads,  table  land  tcrmioates  at, 

Qnintero  elevated  br  earthqaake  of  1822,  457. 
QalrinL,  theory  oC  lii. 

Quito,  eartiiquakeft  and  TolcanoM  in,  846^  848. 
468. 


Rabennteln  cave,  736. 

lUce  of  Alilerney,  iia  velodtr.  293 

"  IUcc«,"  ll<lal  current*  »o  called,  ML 

lUffle*,  Sir  ^  rite<l,  4^  f.09. 

n*ft\  drift-timber  In  MiAsiaalppi,  Ac,  2SL 

RaIu,  action  of;  lUL 

—V  diminished  bv  lellini;  of  fore«t«.  Hi 
— ,  fall  oC  in  basin  of  Gansea, 

 ,  Iluttonian  theory  of,  109. 

 ,  iWll  of,  varvlnii  witli  latitade.  122. 

 ,  fall  of.  In  ta.'ttem  Bengal.  ML 

lUln-prlntA,  recvnt.  on  mud  in  Nura  Scotia, 

Rai.vHi  beaches,  m 

IUmrc«,  volcanic  iikland,  8.'>4. 

Has^  on  Islands  thifting  their  position  (Dot«), 

 i  hli  theory.  1783.  42,  43^13. 

Bata^  mlsrations  oC  C-STT 

 introduce*!  by  man  into  America,  663,  6S6. 

Rawllnson.  CoL.  on  delta  of  Ti)niN 
Kay,  bU  phvsico-thcology,  Jcc,  30,  3L 

 ,  cited.  "<>A  (bi 

lieaumur  on  Insect*,  fl74. 
Ueculver  clilt  action  of  «iea  on,  312. 
Kccupvro  on  (lowing  of  lava,  4iJl. 
lied  Crag,  f<is8ils  ot  14JL 

Bedman,  J.  B.,  on  changes  of  English  coast,  815, 

816,  .Sig- 
ned marl,  supposed  nnlver^alfty  of.  l.tS. 
Kcd  Klver,  new  lalies  formed  by,  ifilL 

 ,  drifl-wood  in,  2fi7. 

 and  Mississippi,  their  Junction  recent,  264, 

Ile<l  ^a.  level  of,  and  of  Mediterranean, 

 .  coral  reefo  o^  777.  7S4. 

Reeft,  coral,  outline  destroyed  by  denndatloa,r9.V 
Befrigeration.  Leibnitz's  theory  of;  'i^ 

 .  causes  which  might  produce  the  extreme 

of.  m 

Reld,  C«l.,  on  motion  of  shingle  beachea,  820. 
Bein-deer,  geo^ra{>hiral  range  of;  &iL 

 ,  miin'ation*  of,  <>4<*. 

 ,  imported  into  Irolontl.  ft*^- 

Kennel,  Mnjor,  on  delta  of  Oaogea,  2I>L 

 ,  on  delta  of  Nile,  'JfA. 

 ^,  on  cnrrent^       97j^'291,  292. 

 ',  on  the  title- wave  called  **thc  Bore,"  SSS. 

Rennet,  Mr.,  on  delu  of  Oanges,  '2J2l 

Kennic,  liev.  Dr..  on  peat,  and  fuAslls  in  peat, 

71'*.  719,  720,  l£L  • 
Beptllcs,  their  geofrraphical  distribution, 

 ,  Ihoir  t>ov\or»  of  ditru.»ioii,  f>^.'>. 

— ,  in  cartwnlfemui  epoch,  I'M, 
 ,  in  iTBlanil,  645. 

 ,  imbedded  in  sabaqaaooa  strata,  74^  ILL 

— ,  foaail,  in  old  red  sandstone,  18^ 
 .lnooal,lS«. 

Bbines,  B.,  lUsacrinttoa,  of  its  coutm. 
 ,  it*  delt*. 

---n,  tuff  made  of  rilioeons  cases  of  inftasona, 
BUao«am,roaail.  food  oC  filL 
Rhone,  delu  of,  in  Mediterranean,  856. 

 ,  delU  of.  in  T.ake  of  Geneva.  189,  m  ^ 

— — .  depoaits  at  its  oonflnence  with  the  Arre» 


Bbone,  a  cannon  In  ealeareotis  reek  in  its  defta 

m 

Blchardson,  Sir  J.,  on  rocks  near  Mackenste  Blv 

cr,  lli 

 ,  on  sheep  of  Eockv  Mountains,  'y. 

 ',  on  dWrlbutlon  of*^  animals,  &40. 

 ,  on  drift  timber,  in  Slave  Lake,  Lkk 

 ^  on  arctic  fauna.  fi34  • 

 on  diftusion  of  iWi.  647. 

 ,  on  IsoUii  rroal  llni'*.  ILL 

Rlchanlsfin,  Mr.  W.,  on  Heme  Bar,  312. 
Kiddell.  Dr..  on  sediment  of  .Miasisfippl,  211 
Klve.  M.  do  la,  on  terrestrial  magnetisin,  '>*H 
Klver-lce,  carrying  power  pf, 
Rivers.  (lifTvn'nci'  in  the  sediment  of,  1S8.  SLS. 

 ,  sinuosities  of.  SLli 

 ,  submarine,  in  Tlie««alr,  Ac.  3.*»7. 

 ,  when  conlluent,  do  not  occupy  bod  pr* 

portionally  larcer  surface,  207. 
Robert,  M.,  on  peyser*  of  Iceland.  244. 
Robertson,  C'apL,  on  mud  Tolc&noo^  449. 
Rockhall  bank,  recent  denci»itson,  773. 
Bocks,  speclflc  gravity  of;  2«>ti. 
 ,  difference  In  texture  of  older  and  newer, 

 ,  altered  by  subterranean  gases,  2^ 

— ,  origin  of  the  primary.  1^ 

 ,  porsbtency  of  mineral  character  la.  12L 

 ^  older,  whv  most  solid  and  disturbed,  liL 

 ,  action  of  frost  on.  22L  2aL 

 ,  transportation  of,  bv  ice,  1  •'»?>.  21i 

 ,  grooved  by  glacial  action,  K*i>5.  *»L  tH. 

Roger^  Prot,  on  .Vppa'achain  chain.  .Vi'*. 
Roman  roaiLs  under  w  ator  in  Bay  of  Baie,  &1L 
Romnev  Marsh,  (rained  fVom  sea.  31fi. 
Rose,  M.      on  bombtende  and  aneite,  443. 
Rose,  Sir  J.,  on  cold  of  antarctic  replon\  22» 

 ,  obtained  soundings  at  depth  of  27.0)0  feet, 

104. 

 ,  confirms  Cook  as  to  antarctic  ice, 

 ,  on  icebergs.  9S,  229. 

Rossberg.  slide  of  tHe,  lili 

Rotation  of  the  earth,  currents  caused  by, 

 of  crops.  67o.  7  j<( 

Rotbcr.  River,  voteel  found  In  its  old  bed,  816,  OS. 
Royle,  Mr..  SL 

Runn  of  Cutch  described.  4£L 
Bye  formeriy  destroyed  by  sea,  S1& 


Saarbnck,  reptiles  in  coal  strata  at,  IM 
Sabine,  Capt,  on  well  at  Cbbwidc  £^ 

 ,  on  waters  of  Amazon  discoloring  the  se% 

342. 

Sabine,  Col.,  on  solar  magnetic  perio«l,  122. 

.'^abrina,  island  of;  4:i2. 

Saoo,  RI,  flood  on, 

Sahrunpore,  buried  town  near.  731. 

St  Andrew's,  loss  of  land  at, 

 .  gun-barrel,  fossil,  near.  7<'>tX 

St  Domingo,  hot  springs  caused  by  earthquake 
in,ilii. 

 ,  fij^sll  human  skeleton  In,  758. 

St  Htlcna,  tides  at,  22L 

St  Jago,  earihonako  at  4.'!i7. 

St  Katherinc's  l)ocks.  a  fbsnil  vessel  foand  in, 

St  Lawrence.  Gulf  oi;  earthquakes  in,  470. 

 .  rocks  drifted  by  Ice  in  the,  220. 

St  Maura,  earthquakes  In.  474. 
St  Michael,  silictous  springs  of;  2i4 
St  Michael's  Mount  3£L 
St  I'aul.  volcanic  bland.  446. 
St  Vincent's,  volcanoes  of;  4<W'i. 
 .  counter-currents  In  the  air  proved  by  erup- 
tion in.  liA. 

 ,  boa  constrictor  conveyed  on  drift-wood  to, 

646. 

Salt,  on  its  deposition  in  the  Mediterranean,  8M 

Salt  springv  1>,  '-'47. 

Saltholm,  lilatHl  ot  520. 

Samothraclan  dcluije,  8.'>6. 

Sand  bars  along  western  eoa.«t  of  Adilatle,  3W. 

 ,  drift,  estuaries  blocked  up  by,  821, 


HiDEX. 


Sand,  Imbedding;  of  towIl^  ica.  In, 

 ,  cones  of  thrown  up  during  earthquake,  4$8l 

Sudown  Bay,  excavat^-d  by  »«,  Hi 
Sandwich  Inlands  Tolcanoea,  a^3,  429, 

Sandwich  Land,  perpetual  snow  to  l«Tel  of  aca- 

twftch  in  ^^9. 
8an  Flllpiw,  trarertln  of;  HL 
San  Llo.  on  Etna,  flssarta  in  plain  of,  399. 
Sanu  NIaiia.  island  of;  ralMsl  111  feet, 
Sautorin,  Rcoloirica]  structure  of;  Uii^ 

 ,  chart  and  aocUon  of;  4ii 

 ,  new  UJaada  In  Gnlf  of,  HL 

SaraccDS,  learning  of  th«,  LL 
Saiusuro  on  the  Alps  and  Jnra,  ^ 

 ,  cn  etactcrs  in  Alpi%  iSL 

Savanna  la  Mar.  swept  away  by  Ma.  781. 
Sartoara  rugtmi,  co!«mo[>(ilita  •iht- II,  fflO. 
Scandinavia  ralle<l  an  island  by  the  ancienta,  520. 

 ,  gradual  rl*o  of,  Jjfii 

 .    Se*  Sweden. 

Scania,  gradual  subsidence  oC  580. 
Scaccbl,  Si<r.,  on  temple  of  Sorapis 

 ,  on  orl^n  of  Monte  Nuovo,  871. 

Scheuehier,  his  theory,  1708.  ^ 
Sehmeriini;,  Dr.,  on  fowils  In  cave«,I2L 
Hchwabe,  XL,  on  spots  in  the  sun,  129.  Mi. 
Seiacca,  l»land  of.   S««  Graham  Island. 
Hcilla  on  orsanlo  remains,  1670,  tL 
Bcilla,  rock  of.  m. 
Soorcaby,  Capt.  on  the  Gulf  stream, 

 ,  on  formation  of  field  ice,  lliS. 

 ,  on  weight  of  rocks  transported  by  Icoberga, 

 ,  dted.  74a 

8cotlan<l.  floo<ls  In.  20L  150. 

 ,  colder  climate  indicated  by  newest  tertiarj 

BtraUot  ISA. 
,  waste  of  Islands  and  coast  oi;  2^ 

 ,  slight  earthquakes  felt  in, 

 ,  peat-mosses  of,  ".'0.  T 

— ,  marl  lakes  of,        .<■<'■.  770. 

S«ropc,  Mr.  U.  1%  on  eruption  of  Yeffartoa  in 

192-2,  875. 

 ,  on  columnar  basalts  of  Vesnvlna,  885. 

 ,  on  pLsolitlc  globules  at  Pompeii,  8S7. 

on  eruptions  of  Etna,  •K'H.  410. 
 ,  on  cause  •  '  convexity  of  plain  of  Malpala, 

 ,  on  connection  Between  state  of  atmosphere 

and  earthquakes,  &fiL 
Sea  does  not  chani!:e  its  level,  but  land,  12. 

 ,  its  influence  on  climate,  97. 

— ,  area  covered  by,  LiL 

 -,  Its  encroachmenti  on  coa»tii,  29S,  8i>2,  824- 

 ^,  Its  rise  and  retreat  durinj?  earthquakes,  407. 

8ea•beache^  raised,  in  Irelaml, 

 ,  procrevilvo  motion  of,  SliL 

SeaK  mL'ratlon  of,  (±12. 
8ea-wt>«<l,  banks  fKrmed  bv  drift  022,  770. 
Secondary  roolc^  fosoits  of  the,  Sfi. 
 ,  oHjrln  of  the.  117. 

8«d^vlck,  Professor,  on  the  Ilartz  moontaina, 

 ,  on  tertiary  deposits  of  the  Alps,  119. 

 ,  on  the  antagonist  power  of  vegetation,  liL 

 ,  on  oreanlc  remains  In  flseures,  2ilL 

 ,  on  diluvial  wave^ 

Sediment  of  the  Ml-vMs.«lppL  212, 

 ,  laws  govemini;  deposition  of,  1^  aii 

•  ,  In  river  water,  2IiL 

—,  of  Gan^^A  compared  to  lavas  of  Etna,  IfA. 

 ,  rate  of  subsidence  of  some  kinds  of.  ML 

 ,  area  over  which  It  may  b«  transported  by 

c«rrent^  «4.'< 
Sedimenlar>-  deposition,  causes  which  occasion  a 

shiflinir  of  the  areas  of;  ls9. 
Seed.%  vitality  of,  bSl. 

 ,  of  Lefcnmlnosn  adapted  for  water-oairUffa, 

622. 

Berapla,  temnle  of,  SQL 

 ,  ffround-plan  of  environs  of;  GQL 

■—,  date  of  ltj«  re-elevation.  Bit. 

 ,  now  ajtain  subsiding.  liiiL 

 ,  worship  of.  In  Italy,  Zili. 


Serres,  &  B.  A.,  lo  chaayss  In  train  of  IMoa, 

8«rrce,  £.  Maroel  de,  on  fossil  haman  remains, 

I3S. 

B«vem,  tides  In  estuary  of, 

 ,  ^In  of  land  In  Its  cstuarv",  SiL 

Shaksp<>are's  dUT,  waste  of,  JiLL 

"  Shambie-C  a  shoal  off  Portland  Bill,  32. 

Sharpe,  Mr.  D..  on  earthnuake  of  Lisbon,  406. 

Sheep,  multiplication  of;  In  South  America,  Cifi. 

Shell  marl,  fossils  in,  75;ij  70^1,  Iil2. 

Shells,  G>«>il  of  older  strata  buried  In  newer  or 

recent  bod%  Hi.   S*^  Tcstaoea. 
Sbeppoy,  waste  ofclifEi,  SLL 
Shetlan'd  Islands  action  of  the  sea  on,  29S. 

 ,  rock  masses  drifted  by  sea  in,  iiM 

 ,  effect  of  Ilichtnlnt;  on  rocks  In,  2fit. 

 ,  formation  In  promos*  near,  "74. 

Shinjfle  beache-s 

Shi^  number  of  Uritlah,  wrecked  annoally.  7&i. 

 ^,  fossil,  81«»T25im 

Siberia,  rhinoceros  entire  In  fWwcn  soU  o(  43L8a> 

 ,  map  of,  12. 

 ,  the  Iknjjal  tljter  found  In, 

 ,  lowland  ot  Td,  ^  S3. 

 .  drift  timber  on  coast  oC  74.V 

Siberian  lowlands,  climate  of,  Sd. 
 ,  mammoths  bj). 

Sicily,  earthquakes  in.  857,  47a  477. SA.'OA. 

 ,  geolo).'lcal  structure  oC  74.  IW.  18& 

 1  mud  volcanoes  of,  447. 

Sienna,  fossil  shells  of.  39, 14. 

Siglllarin;,  strurturo  of,  6'^. 

SIlex,  dejKislted  by  sprinffs.  ^AL. 

Sllliman,  Professor.  clte<l,  1^2. 

Silurian  rocks,  wide  ranso  of  the  fossils,  180. 

 ,  fkuna,  no  lan<l  or  fVcshwater  plants  in,  184. 

 ,  horizontal,  1S7. 

 ,  altered.  177. 

 ,  strata  formed  In  decT>  seas.  111. 

SImeto,  K.,  Uva  excavated  by,  '-'l-'i. 

Sindrec,  changes  caused  by  earthquakes  of  1819, 

near,  4«L  4^4.  IiiL 
 ,  view  of  the  fort  of,  before  tho  earthqaaka 

(SM  PI.  xl.).  4iLL 

 ,  Its  appearance  in  Is'K  4<M. 

Skaptar  .lokul.  eruption  of;  AJIl 
Slave  Lake,  drift  tiuit>er  in,  Lti 
Sleswiek,  waste  of  ctiast  oC  <W4. 
Sligo,  bursting  of  a  peat-moss  in,  124. 
Sloane,  Sir      on  earthquake  in  Jamaica,  &QQl 

 ,  on  dispersion  of  plaiitit,  liiL 

Smith,  William,  aip«emenl  of  his  system  with 

Werner's.  Ai. 
 ,  hU  -Tabular  View  of  tha  British  Strata," 

171W.  fiS. 
— ,  hLs  map  of  Enj^land,  5a. 

 ,  priority  of  his  arrangement, 

Smith,  Mr.,  of  Jordan  lllil.  on  tho  colder  cllmato 

of  newest  tertiary  period,  12iL 

 1  on  temple  of'Sera[>Ls  .Mfi- 

Smyma,  volcanic  country  round,  305. 

Smvth.  Capt.  W.  IL,  on  tho  Mediterranean,  4i 

2&9.  29fi.51L 

 V  on  height  of  Etna.  896. 

 ,  on  Straits  of  GlbralUr,  ^  ^ 

 ,  on  depth  of  sea  from  which  Graham  Island 

rose,  432. 

 ,  on  floatini;  Islands  of  drift-wood,  64L 

 ,  on  drifting  of  birds  by  the  wind,  ft45. 

 ,  on  diffusion  of  Insects.  CM. 

 ,  on  ^verazo  number  of  British  ships  lost, 

IVom  1 123  to  IS'-'O.  7:J. 
 ,  found  shells  at  great  depths  between  Gib* 

raltar  and  Ceuta,  773. 
Snow,  hetuht  of  |>erpctual.  in  the  Andesi,  114. 

 ,  in  Himalaya  mountains  112. 

 ,  lowest  limits  of  perpetual,  at  equator,  222. 

 ,  lowest  limits  of  perpetual,  at  Swiss  Alp^ 

222. 

Sodertelie,  buried  hut  In  canal  o^  fi24,  fi2& 

Soil,  its  Influeneo  on  n1ant%  MKt. 

Bolls,  on  formation  of;  'I'l*. 

— — ,  influeneo  of  plants  on,  1(14 


833 


INDEX. 


Soldmi,  on  mtcnMoopio  shells  of  McditemnMn, 

—J  on  the  Psrls  basin,  4i. 
Solent,  Its  channel  widening, 
Solfotara,  lake  of,  ^ 

 ,  volcano,  a^S,  Sdii,  86T.  885, 

Solitaire,  wcntly  extinct  bird, 
Bolway  Mos^  LJi 

Solway  Firth,  animals  washed  bf  river  floods 

Into,  iHL 
Somersetfehire,  land  gained  in,  B2i. 

 ,  Bubmarino  forest  on  coafit  of,  ;vi!l 

Bomcrrlllc,  Mr&,  on  depth  of  ocean,  H>A. 
Bomma,  escarpment  of,  881. 
 »  dikes  of, 

 ,  supposed  nectioii  of  Vosorlus  and,  8S1. 

Sorbonne,  College  of  the,  99. 

Sorting  power  of  water,  287. 

Bonth  Carolina,  earthqualce  in,  4gg. 

Sooth  Downs,  wa»te  of  tilastlo  daj  on,  SIL 

Spain,  earthquakes  in,  8^S. 

t^pallanzant  on  effects  of  heat  on  seeds,  621. 

 .on  flight  of  birds,  64L 

8pccle«,  deCnlUon  of  the  tcnn,5flL 

 ,  LlnnieuB  on  constancj  of,  fifiS. 

 ,  Lamarck's  theorr  of  transmutation  of,  SCT. 

 ,  reality  of,  in  nature,  5^  891,  592.  Oil. 

— ,  geofrraphical  distribution  of.  612. 

 ,  theories  respecting  tbeir  orlsln,  tj66, 103. 

 ,  Brocchl  on  extinction  of,  f**;". 

 ,  reciprocal  influence  of  aquatic  and  terres- 
trial, filiL 

 ,  their  snccesstre  creation  and  extinction, 

678,  6S9,  IDL 
 ,  cflfoct  of  changes  In  geography,  climate,  Ac, 

on  their  distribution,  105,  61»o,  CaL 

 ,  superior  longevity  of  molluscous,  70. 

Specific  centre.\  doctrine  of,  liQo, 

Spenco,  Mr.,  on  insects,  cltod,  GOO,  655,  Cli 

Spitzbergen,  glaciers  of,  M. 

Spix,  M.,  on  animsla  drifted  by  Amazon,  ML 

 ,  on  Brazil,  (kl:^ 

Spontaneous  poneration,  theory  of,  22. 
Springs,  origin  of.  iiL 

 ,  the  theory  of.  illustrated  by  bored  wells,  2£L 

 ,  most  abundant  in  volcanic  regiotui,  287. 

 ,  affected  by  earthquake,  ^  4^  456,  4S8, 

424  — 

 ,  transporting  power  of,  238. 

— ,  ca1ca^eou^  iJa. 

— >  sulphureous  and  gyx>scoas,  2ii 

 ,  8lliceou^  iiH 

— ,  ferruginous,  2i2. 

 » brine,  ^ 

— — ^  carbonated,  24i 

 ,  petroleum,  2.V>. 

SqnlrreK  migrations  of,  687. 

Stabias,  burie<l  city  of,  »94. 

Htah^mito  alternating  with  allavium  In  CATee, 

Stars,  variable  splendor  of,  1^ 
Statical  flgure  of  the  earth,  534,  ML 
Stations  of  plants,  ilescriplion  of,  014 

 of  animals.  677. 

Stelluti  on  ormmic  remains,  28. 

Steno,  opinions  of,  23. 

Stephenson  on  eruitlion  in  Iceland,  42.5. 

Stephenson,  Mr.  K.,  on  level  of  Ked  Sea  and 

Mediterranean,  224 
Stevenson,  Mr.,  on  <lrift  stonca  on  Bell-Bock, 

 ,  on  the  German  Ocean,  315^  SKL 

 ,  on  warto  of  cliffs  824. 

Stockholm,  rise  of  l.nnd  near,  52fl,  52L 

Stoke^  Mr.,  on  nilncralizatlon  of  plants,  747. 

Stonesflold.  fostlls  ot  m  IV,. 

Storm  of  NovcmlMT,  11554  effect  ot.  817. 818. 820. 

Strabo  cited,  14       355. 861. 

 ,  geology  of,  HT 

Stracbey.  Capt.  IC,  on  delta  of  Ganges,  iSL 
Straits  of  Dover,  formation  oi;  BUL 
 ,  their  depth,  215. 

Straits  of  Gibraltar,  currents  in,  iuij  888,  885. 
Strata,  laws  govrming  deposition  o^  188. 


Strata,  slow  deposition  of,  proved  by  AmsUs,  1&4 

 ,  on  consolidation  of,  1 15. 

Stratiflcations  in  deltas  causes  of,  2^ 

 of  debris  dcposite«l  by  currents,  2S8. 

 ,  unconformable,  inferences  derived  ftoia, 

1S7. 

Strabo,  hypothesis  of,  14 

Strickland,  Mr,  on  tertlorj'  strata,  Cropthom,  lA 
 ,  on  do<lo,  &i4 

Stromboli,  its  appearance  doringCalabrlan  earth* 

quakes,  4^8. 

 ,  constancy  In  eruption,  f46,  ML 

Stufa.\  Jets  of  steam  in  volcanic  regions,  ff7,fi4fi. 
Stutcbburv,  Mr.,  on  coral  islands,  77*,  Ij£L 
Subapennfne  strata,  14 

 ,  early  Italian  geologists  on,  42,  IL 

Submarine  fo^cet^  808^  828,  IM. 

 ,  P^at,  724,  nfl, 

 ,  rivers,  857. 

 ,  volcanoes,  4-Sl.  454 

 ,  eruptions  in  mid  Atlantic,  4Si 

Subsidence  of  land,  4»\  465,  470.  477.  495,  60^ 

6')4  50L  691,  7C1, 1^2. 

•  ,  great  areas  of,  170,  120. 

 ,  greater  than  elevation,  5^  ISL 

 ,  slinultaneous  in  Miocene  epoch,  122. 

 ,  of  land,  delta  of  Misel«.-*|j)pl.  271. 

 ,  of  coral  Islands,  slow  and  uniform,  791. 

Snbterranean  movements,  uniformity  of,  LA 

 ,  movements  near  New  .Madrid,  lSll-12, 870 

Suflolk,  clitfA  undcrnilne<1,  BU2. 

 ,  tertiary  strata  of,  lli 

Sulphuric  acid,  lake  of.  In  Java,  858. 

8ul|>bureous  springs, 

Sumatra,  volcaiux'a  in,  'XA. 

— ,  animali*  destroyed  by  river  floods  in,  761. 

Sombawa,  eubnidcnce  in  island  of,  1815,  4£4  TffiL 

 ,  a«be\  transported  to  great  distances  by 

eruptions  of.  iwi. 
Bun,  variations  in  spots  of,  122. 
Sunda,  Isles  of,  volcanic  region  of,  8.V). 
Sunderbunda,  part  of  delta  of  Ganges,  27f>. 
"Sunk  coontr)',"  west  of  New  Madrid  In  U.  8^ 

467. 

Superior.  Lake,  deltas  of  254 
- — ,  recent  deposits  In,  2r»4,  Ifii 

 ,  its  depth,  extent.  Ac,  2i4 

 ,  bursting  of,  would  cause  a  flood,  l£i& 

Sussex,  waste  of  lis  coast,  817. 
SutlcJ,  R.,  fossils  near,  fi, 
Swanoge  Bav,  excavated  by  sea,  813. 
Sweden,  gradual  rise  of,  b&L 

 ,  grmnial  subsldcnrt?  of  south  ot,  MQ. 

— ,  earthquakes  In,  biil. 

 ,  land  rl«ln)r,  19i 

 .   .Si>e  also  Scandinavia. 

Switzerland,  towns  destroyed  bv  laodslips  1m, 
122. 

Syria,  earthqnakca  in,  855, 423. 


T. 

Tacitus  cited.  S&L 
Tagliamento.  K.,  delta  of  the, 
Targioni,  on  geology  of  Tuscany,  40. 
Tartarv,  volcanoes  In,  856. 
Taxodlum  disticLum  In  Great  Dismal  Swamp, 
72.V 

Tay,  estuary  of,  encroachment  of  sea  in,  dBL 

 ,  submarine  forests  in,  8<>.^. 

Taylor,  Mr.  R.  C ,  on  waste  of  cllff\  SCfi. 

 ,  on  gain  of  land  on  coast  of  Norfolk,  SOSl 

 ,  on  cave«  in  isle  of  Ctiba,  741. 

Tchihatclioff,  M.,  map  of  Italy,  12i 

Tei»ier,  M.,  on  human  bones  in  caves,  &<l,  jSBL 

Temperature,  great  chanpea  in,  22. 

 ,  diflTerence  of,  in  places  In  .•ame  latitude*,  2ft 

 ,  warmer  in  tertiary  period^  lik 

 ,  oscillation  of,  12i 

 .  Climate. 

Temple^  buried.  In  Egypt,  72&, 

 under  water  in  llay  of  Ralic,  518. 

 buried  in  Cashmere,  762. 

Teneriffc,  vulcanic  eruptions  in, 


INDEX. 


Terra  del  Fnego,  faana  of,  141.  _ 
Terruiaum,  siib'^ideuce  near,  AlSL 
— ,  fault  In  tbo  tower  of,  418. 
 ,  lancLiltpA  nc«r,  4^ 

TrrtUry  formsUuna,  general  remarks  on,  HL  1S2, 

m 

 ,  ^eogmplilcal  rhariRcs  ituplleU  by,  US. 

 ,  (Tlacial  111  Stcotlantl,  lifi. 

— ,  orijrin  of  successive  periods,  IStt. 

 ,  ctrcuinaUnc«9  under  which  these  and  the 

wconclary  furmalions  may  haro  originated, 

117,  lis. 

 ,  fns(«jb  of  the  newest,  133.  , 

 ,  fossil  inantinnl«  of  KUCceMivo,  L42. 

 formations  of  Kn^lanit,  76^  liiL 

 ^  of  the  Fari«  hx'^Ui,  Ui. 

 ,  ilepoflt/*,  cilmatu  of  warmer.  Srt. 

Te:»t«cca.  their  Kfosniiphlcai  dbtrihntton,  ft4tf. 

 ,  fiy«II,4nii>urtaiu-e  oC  In'!. 

 ,  inarlue,  inib<>ddlng  ofi  TtiS. 

 ,  freshwater,  iTo. 

— ,  burrowing,  TTii. 

 ,  lonffevity  of  n>eclcs  of,  iSL 

 ^,  number  of  recent.  In  dllTerent  tertiary  pc- 

rio<lN  14]ii 
TexoU  waste  of  Island*  near  the,  SSi. 
ThaIne^  valley  of,  tertiary  strata  lii.  IlL 

 (rain  and  low  of  land  in  ita  c»luary,  'HjL 

 ,  tide  In  Ita  e»tuar>',  HiiS. 

 ,  buried  vfMels  in  alluvial  plain  of  the, 

Tlianct,  I.<le  of.  Ions  of  land  in,  HUL 

Thenno-i!lectrlcitv.  Ma. 

Thibet,  yak  or  wild  »\  of.  In  Ice,  54, 

Thomson,  Dr.  T.,  on  Western  Himalaya  and 

Thibet,  m. 

 ,  on  buried  tenipl(«  In  Oi»hmerc,  liSL 

Thrace  subject  to  oarlhquakM,  a^l 
Thury,  M.  llericart  do,  on  arto>lan  wells, 

m 

Thyl<tcoth«rium  Prerottit,  IfiS. 

Tiber,  growth  of  its  delta,  iti 

Tide  wave  of  the  Atlaullc  H("\ 

Tldta.  height  to  which  they  rl»e.  279.280. 

 .  effect  of  winds  on  the,  y.*'>. 

— — ,  effects  ot  on  well*  near  I^ondon.  'JiEL 

 ,  their  dettroying  and  transiKirtiug  power, 

SUl. 

 ,  their  repro<iuctlv»  effttcts,  fttT. 

 and  current\  drifting  remains  of  animals 

by, 

Tlwlemann  on  clian^'es  in  brain  of  f«£tu^  609. 

Tlser  of  Bengal  found  in  ^Iberiit  77. 

Ti;^  and  Euphrates  their  union  a  modem 

event,  2'i4. 
Tlzriv  river,  delta  of,  advanclnc  2H4. 
Tlleslus  on  $>iberian  matumolli.  &1. 
Time,  pre|HM3«»ions  in  regard  to  the  duration  of 

Tlvoll.  floo.1  at,  211 

 .  travertin  of,  2±L 

Tomboro,  volcano,  eruption  of,  4dkl 

 ,  town  of.  »ubmenfe«l,  -KVi 

Torre  del  Grew  overflowed  by  Ii  n,  894. 

 ,  columnar  lava>*  of,  .t>4. 

Torrent.s  action  of.  In  widt-nlng  valle}*!,  2iik 

Torres'  Strait,  volcano  of,  '9•^. 

Totteii,  CoL,  on  vspau»ion       rocks  by  beat, 

Tonma],  M.,  on  French  caves*,  ISi  IBSL 
Towns  destroyed  by  land.nlipa,  7:w 
Tra<ie-wlnd«,  lt>6,  a 
Traditions  of  losses  of  land,  82i  821  ^ 

— ,  ot  fioo4\\  UM}, 

Transition  texture.  UiL 

 ,  formatlon\  IIL 

Trap  rocks  of  many  different  agoft,  iSSL 
Travertin  of  the  EUa,  5EfiL 
—  of  }*an  V  Isnone,  24<l, 

 of  «an  Ftllppo.  21L 

 ,  spheroidal  rtnicture  of,  il2. 

 ,  compared  to  Engllfh  magneelan  limestone, 

 ,  of  Tlvoll.  214. 

Travertin  oollrlc,  reeent.  In  I.anc«rote,  iSiL 
TrM-fem<s  distribution  of  ^ 


Tree-ferns,  extend  more  aonth  than  north  of 

equator,  M. 
Tree-s  longevity  of,  422. 
Tria\  fo<i»ll  maiiimlfer  of.  13L 
Trimmer,  Mr ,  on  recent  marine  shells  in  Waloa 

Lii 

Trinidad,  subsidence  in,  220. 

 ,  plu-h  lake  of,  2jlL 

Triperj.'ola,  870.  871,  8V.5. 
Trii>oiltJ!a,  plain  of,  breccias  in,  "84. 
Trollliattan,  iiiL 

Truncation  of  volcanic  cones,  a&2,  i&2L 
Tufa.   *Se«  1  ravernn. 
Tuff,  Infusorial,  8>>. 

Turner,  Dr,  on  ilecomiKwltlon  of  felspar,  S4L 
TurtleN  migrations  of,  iiii. 

 ,  egjF*  of,  fulfil,  IIL 

Turton  cited,  MfL 
Tuscany,  goology  of.  ill. 

 ,  calcart<ou8  springs  of,  28jL 

Tyrol,  Uulomlcu  on  tlio  4SL 


Uddevalla,  upraised  deposits  at,  IS^  itSI 
Ullah  Kund,  fonnatlon  of  the,  4112. 
rilon  cIUmI,  Sot,  r<02,  Q&:L 

Unronfoniiable  strata,  inferences  derived  from, 
LiL 

Uniformity  of  laws  of  nature.  Ti,  1 40.  fl'S. 

 ,  ol  system  of  pa.*i  changes  In  animate  and 

inanimate  worltl,  isl. 
Tnlversal  formationa,  theory  of,  40|  li^L 
Universal  ocean,  theory  of,  ^ 

 disprove^l  by  organic  reuialna,  lliL 

Ui>»ala,  strata  near,  .Vi-v 


V. 

Val  d'Arno,  Upper,  effect  of  destruction  of  for- 

cfti  In,  112. 
Vat  del  Bove  on  Etna  described.  4S1SL 
 .  form,  composition,  and  origin  of  dikca  in. 

4<>6. 

 ^1  lava*  and  brewlM  of  the,  411 

 ,  origin  of  the,  4U. 

 ,  fl.MxLs  in,  4J_L 

Val  dl  Calantiii.  iiku  40L  411L 
Val  di  Noto,  Doloiiileu  on  tiie,  42. 
Valdivia,  earib<iuake  at. 

Valenck•nnl-^  XL,  on  fish  not  crowing  the  At 
lantic,  (ilL 

Valley,  newly  fomieil  in  Gi-onrta,  U.  S,,  3SSl 
Valley\  Tar^doni  on  origin  ot  M. 

 ,  excavation  of,  in  Central  France,  212. 

 of  elevation,  section  of,  121L 

 on  Etna,  account  ot,  AM. 

 ,  the  excavation  of,  assbted  by  eari.<quak(M, 

4Si. 

Valllsneri  on  the  origtn  oi  springs,  SSL 

 ,  on  marine  de|H»it5  of  Italy,  '6L 

 elt4-d,  .Uiii  :«2. 

ValpanU«o,~rltanges  cau.«ed  by  cartbquakce  at 

4iL  !ilL  IM. 
Van  Dieman's  Land,  climate  o(  SL 
Veilas,  sacred  hymns  ot  4. 
Vegetable  soil,  why  It  does  not  Increase,  102. 
 ,  how  formeil,  lllL 

Vegetation,  luxuriant,  not  required  to  sapitort 

large  anlmaK  i^L 
 ,  centres  ot  "itfl 

 ,  Its  conservative  influence,  710.  Til. 

 .  its  influence  on  climate,  718. 

Veins,  mineral,  on  their  formation,  iSL* 

 of  lava.   S«e  Dikes. 

V«meuil,  M.  de,  on  lowland  of  Siberia,  ^ 
Verona,  foasils  ot  20.  22,  HJ. 

 ,  Ardulno  on  mountains  ot  IL 

Ventegan,  on  separation  of  England  from  Fratuj^ 

Vertebrated  animals  in  oldest  strata,  12^ 
Ve«eU,  foonlL    .See  ShijM. 
Vesta,  temple  of;  212. 


L  y  ^  .d  by  Google 


S34 


INDEX. 


V^eravlna,  excmvtHon  of  tuff  on,  21ik 

 ,  history  ot  2fiH  374. 

 -,  eriiptions  oTTSW,  874. 

 ,  dike*  of,  87a. 

— ,  l«T»  of,  a^4. 

 ,  fttructuro  nui\  ori^dn  of  th«  cone  of.  ii<l. 

 and  Nomina,  probuble  section  of, 

 ,  TolcAnic  «lliivluni  on,  T-jS. 

Vlcenlln,  Dolotnleu  on  ihi*,  49. 

 ,  subnuirioe  Uv«»  of  iho,  IL 

Victoria  land,  sklrto*!  hv  ice,  22. 
Vldal,  C*pt,  on  Kockhill  bank,  ILL 
Villages  buried  by  landsli[>s,  7:1'.' 
Virlct,       on  (iamuthradan  dcliigp,  354 

 .  on  volcanoos  of  CJreoce,  X>t>. 

 ,  on  Santorin,  44^  44^,  4ilL 

— —  on  conwion  of  rocks  bv  p»se\  IM. 

 ,  on  human  bonca  imbcddt^l  in  Morea,  785. 

ViraraK  banalts  of  th^  iSL 
Volcanic  acdon,  di-flncd,  UfL 

 power  adcqiiato  to  tttact  lateral  preosnre, 

lli 

 lines,  m  252- 

 crat«rs  In  Oalapagoa  with  eoutb«m  side 

luw«!«t,  "Wt. 

 ,  action,  BDlformltT  of.  ICS.  ILL 

 coDtt,  truncation  ot;  85^  4 OH. 

 ,  their  perfect  »tato  no  proof  of  r<>latlre  age, 

112. 

 conslomoratos.  438. 

 dikes.  Dlkcc 

— —  cmptlonN  cau»e«  ot,  EtlS. 

 ,  arcrafco  number  of,  jht  annum,  420. 

 fonuatiouA,  fusails  in,  'M^  Lii 

•■  products,  mineral  coinjKwItion  of,  M2. 

 ^e|dun^  their  goo(,'ra|>hlcnl  boundaries,  Mik 

• —  map  ohowInK  txtvnt  of.  ;iiL 

 rockn,  subterranean,  17S,  4r»il. 

 of  all  gcolofrical  perio(bv  IjjlL 

VolcanocA,  safety-valves  acoinllnp  to  Strabo, 

 ,  remark!*  on  their  |>o»itiun.  iUti.  8.V>. 

 and  carthquakei*,  effects  of  same  causes, 

 ,  agency  of  water  in, 

— -,  inode  of  computlnj;  the  ape  of.  AHiL 

— ,  sometimes  tnartlvo  for  centnrics,  M6.  i2L 

 of  .Sandwich  Mand*.  8.V4.  37^,  64S.  §53,  4^ 

 ,  chemical  theory  o^  itHL 

— — ,  mud,  44T. 

 ,  "no  safety-valves,"  Dana  on, 

Voltaire  on  *v»tem«  of  jreology, 

Volterra,  Msttani,  on  fu<>«IU  of,  iy. 

Von  Baer,  IVuf,  on  (W>zen  Ml  of  i^ibcria,  &L 

 f  n  Icc-drifled  rock\  tSlL 

Von  ttich  on  rl««  <if  land  In  Sweden,  ^28,  m 

 »/»:  volcanic  llnc^  H,VJ. 

 on  volcanoes  of  (Jreecc,  Hflfi. 

 on  formation  of  Monte  Nuovo, 

 on  Vesuvius  and  Somma,  8<i7.  |^  8s2,  8'*4. 

 on  eniptlon  In  Lanccrotc,  4:m. 

 on  placiers  221  * 

——  on  new  i^lanlls,  ifiS. 

 on  volcanic  regions,  84& 

Von  lloff.   ikt  Hoff. 

VulcanUts  and  Nentunl»L^  factious  ot  50.  SB. 
Vultur.  Mount,  856. 
Vultures,  nngo  of,  (Ll^ 


W. 

WnllcrluN  theory  of, 

Wallkh,  Dr.,  on  Ava  fowiU,  21 

 ,  cm  wowl  In  peat  near  Calcutta,  230. 

Warplntr.  land  sniltie<l  by,  2:^8,  ^ 
Wat*r.  action  of  nmnlnir,  •iH, 

 ,  lts»power  on  freez-lnir,  •i*^. 

 ,  excavatlnir  power  o^  iiiii. 

 ,  transportlnur  power  of,  'J<i4. 

 ,  sorting  power  of,  '2S<i. 

 ,  agency  of,  in  volcanoes,  a4i 

Waterhouse.  Mr.,  of  llriti^h  Museum,  on  proT* 
tnces  of  indigenous  land  quadnipods,  631. 


Wfialden  strata,  fossils  ot  inm,  liQ. 
Webster,  Dr.,  of  Nova  bcotia,  on  rain  •prints 

WelK  artcdan,  S8B, 
Wener,  Lake,  strata  near.  521. 
Werner,  Professor  of  Mineralogy  at  FrcrbeiSt 
IT'S.  45. 

 ,  his  le«tnre,  4L 

 ,  on  granite  of  the  ITartz.  4L 

•  ,  prlnci|>al  merit  of  his  system,  4^ 

 ,  technical  terms  of, 

 ,  on  transition  rocks.  114 

West  I  radian  land  quadrupeds.  C&L 
West  Indit'^  rarth<juak«  in,  -^0^  aOO,  OOL 

 .  active  volcan'R"*  in,  ."».'■<'■ 

Whales  stranded.  771. 

Whewell,  Kov.  Dr.,  on  modem  progress  of 

ology,  6SL 
 ^,  o'n  the  tldet,  882. 

Whirlwinds,  violent,  during  eniptlon  in  §um« 
bawa. 

Whirlwind,  dispersion  of  seeds  by. 
Whlston,  hU  theory-  of  the  eartli,'a2. 
White  MountaInN  land-^lips  In  the,  2iJ. 
Whitehunt.  Uieory  of.  177\  4^1. 

 ,  on  subsidence  at  LiT*bon,  49\ 

Wildenow  on  diffusion  of  plants  l>r  man.  fi2& 

 .  on  centres  of  vegetable  creation.  "tSSt 

Wilkinson,  Mr  J.  O..  on  de|xisiis  of  Nile,  2«i 

 .  on  sand  drift  in  K^r>  pt,  LifL 

WIImid.  I'rof ,  on  cosmogony  of  Veda(s  A. 
Wlnd^  tragic,  hi«.  22a. 

 ,  currents  cansed  bv  the,  29H 

 .  sand  drlAed  by  the,  »iL 

Wolf,  and  d(»g.  distinct  (iI>ecic^  obi 

 ,  hybrids  between  the,  CH. 

 ,  drifted  to  sea  on  ice. 

 cxtiqmted  In  Great  Britain.  (La. 

Wollaston.  Dr..  on  water  of  Mediterranean,  SL 
WwkI,  Mr.      on  f^>^sll  uuadnnnana.  lAL 
Wo«<i  impregnate^l  wiih  salt  water  w  hen  rank 
to  great  depths,  748. 

 ,  drift,  SKJj  atW,  wn,  I4a 

■  converied  into  lignite,  T.%9- 

Woo<lwanl,  theorj'  of.  81^  !U,  M,  fifi. 
Wrecks,  number  of,  annually."~7&4. 


Xanlhu.s  the  Lydlan,  his  theory,  1^ 


Y. 

Talc,  w  ild  ox  of  Thibet,  frozen  in  ioe, 
Vakntzt  fVozen  soil  of,  S4. 
Ynou,  floo<l  of,  L 

Yarmouth.  eAtuar>-  silted  up  at,  SQL 

 ,  ri.Ho  of  the  tide  at,  2i2L  iklL 

Yenes«'l,  K .  foBslls  on  banks  of.  12. 
Vork»hire.  tHines  of  mammoth  In, 

 ,  waste  of  Its  coa.<>t.s,  81  >8. 

Young,  Dr.,  on  effects  of  compression  at  eartbli 
cenu-e, 


Zante,  earthquakes  In  IMand  of,  474. 
Zealand.  New,  number  of  ferns,  116. 

 ,  rest  mblnnce  of  plants  with  ancient  caiboo* 

iferous  flora, 

 ,  length  and  breadth  of.  lift 

Zeuijodon,  ovcno  M'tacea,  IVi 
Z(H>loglcal  pro V luces  how  fonned,  <W» 

 ,  why  not  more  blended  together.  <V.< 

Z(M>phvtes,  their  geographical  distribution,  6&4 

 ,  tbeir  power*  of  diffusion,  6&i. 

 ,  abuuilance  of.  liifi. 

 ,  which  form  c<>ral  re<-f*,  "7ft. 

Znyder  Zee,  fonuation. 

 ,  great  n^ojses  on  the  site  o^  38T. 


L  y  ^  .d  by  Google 


« 


Am^  of  thm  Booh  «mf  fru  iy  mail  to  my  addttu  on  rteeipt  of  Friee. 


BSSCSNT  FUBUCATIONS 


D.  APPLETON  &  COMPASS  Y, 

443  *  445  BROADWAY,  NEW  YOBK. 


life  and  Correspondence  of  Theodore 

PARKER,  Ifinistflr  of  Um  Twen^-dghth  Oongrqgfttioiiai  Soeiefy,  Boston. 

By  John  Weiss.   With  two  Portraits  on  Pteel,  fiuNsfanile  of  Amdwritfng, 

and  nineteen  Wood  Enpravinpi.    2  vols.,  8vo.    1,008  pages. 

"Thfso  vi  liirtus  ccmtAln  nn  account  of  Mr.  Parker's  cblldhofwl  nnd  wlf-otlncatlon ;  of  flio 
di'v«'l<iiitiit  iit  111' his  thfoloirlc-jl  idi'u.- ;  of  his  M-holurly  and  phllo!«'iiLi'  ril  [itir-iiits;  ;>iid  of  his 
rvLitliiii  to  tlif  Anti-Sluvi  rv  imu-^i-.  miuI  to  thf  r|i<M  li  in  America  which  tiric<  (Kil  the  civil  war. 

\i!-it!*to  Kurojiv  :iri- (1<  >.Tilii<l  in  IctUrs  arnl  iximit^  JVoin  his  Jntirnal.  .\n  aato- 
bioiinii'ljical  tViictUfDt  is  Inln.lund  In  r.iatlon  to  Mr.  Pnrkirs  early  life.  aii(i  his  Utters  of 
frk-nil.Hliip  i>n  llterarj', BiMi  ulatlvt ,  iiml  (w  liiicil  tnpi.  .  im  tr.  i  Iv  lDte^^^er^l il.  The  illiistm- 
tiuoi;  rer>r.-scot  scene*  ooaovcted  with  variuus  nt^ioda  of  Mr.  Purkcr'a  lli&Uie  faoaws  be  dwelt 
in.  hi»  rauntty  bMnl%  tte  wMHOag  lMiiiM,lri«  in»B7««ad  tbe  Hule  BUI  iBwhkh  ka 
preodicd." 


Catechism  of  the  Steam  Engme, 

In  its  various  Aijplieatifnis  to  M'lw,  Mill.-*,  Steam  Navigation,  Railways,  and 
Agriculture.  With  Pnictical  Ini^tructions  for  the  Manufacture  and  Manage- 
ment uf  Engines  of  every  Cloiss.  tiy  John  Bourne,  C.  £.  Hew  and  Ke> 
Tised  EditJon.  I  vol.,  ISmo.  IDintrated 

'In  offcrlDff  to  tbe  American  public  k  reprint  of  n  work  on  the  Stonm  En^na  M deaerredly 
mccesfifbl,  nndso  Ions  considered  staiidanl,  tbe  PubH!>bers  hare  not  tbouvht  It  neoeuorv  Uiat 
it  should  bo  an  exact  copy  of  tbe  English  edition.  Tbcro  were  somv  ilt  tnilt  In  vbtentbey 
tfaoQKbt  it  could  be  impruvcd  and  better  adapted  to  tbe  oae  of  American  Engineers.  On  thu 
account,  the  bize  of  the  paire  has  been  Inereaaed  to  a  (Vill  ISron,  tu  admit  of  larftvr  illuslralioDa, 
which.  In  the  Enpli>*h  edition,  are  often  on  too  nuall  o  ecnle;  und  rome  of  the  lllustrationa 
tbemaalTaS  iMve  t>een  supplied  hy  otbera  eoaallr  appllcr.l>le,  more  recent,  and  to  us  more 
brolliar  examples.  The  flrst  part  of  Chapter  XI.. 'devoted  in  the  English  edition  tu  English 
portable  and  flxed  airricultural  engines,  in  this  edition  trivcs  pbea  entirely  to  lllustrationa 
aom  American  pmctlce.  of  steam  engines  as  applied  to  dllTerent  pur(N>MS,  and  of  appllancea 
and  machines  necei^Aary  to  tbenu  liut  with  tbe  exception  of  i»ome  uf  the  illustmtiona  and  tha 
description  of  them,  and  tha  correction  of  a  Aw  tarpomnbloal  ctmnk  thia  aditJin  la  a  lUtbftd 
transcript  of  tb»  htwt  Rnglfah  adltlaa.^ 


Life  of  Edward  Livingston, 

Mavor  of  the  City  of  New  York  ;  Member  of  Congress ;  Senator  of  the  Tnited 
States;  Secretary  of  State;  Minister  to  IVanee;  Auttior  of  a  System  of 
Penal  law  for  Louisiana;  Mamber  of  Uio  Institute  of  France,  cte;  By 
Cbaius  H.  Evwt,  irflh  an  Introduction  bj  GmBOB  Baxcbiwt.    1  toL, 

8vo. 

**  One  of  the  purest  of  statesmen  and  tha  moat  nalal  of  men,  waa  Edward  UvlagstoB, 
whu.H<'  e.ireer  Is  presented  In  this  volume,   •  •  •  *  • 

"The  author  of  this  volume  hn^  <t  n.  t ho  country  a  serrtee.  Ha  bas  glvea  ostaabaeoai* 
lag  form  an  appropriate  memoriu  1  i  <  i . .  whom  snoooeding  gencsattoBS  will  ba  proad  la  t*** 
.aa  aa  Amerkan  Jorist  and  statcanon."— i,'V<^l«^aM•t. 
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History  of  the  Romans  under  the 

Empire.    By  Cuables  Hbutau,  R  D.,  late  Fellow  of  8U  Jolm*t  OoQ^ 
7  Toll.,  flmall  8T0.  BuMkoaidy  priated  on  tiated  pqnr. 

CONTEXTS: 

Vols.  I.  and  II.— GoroprMnff  the  History  to  the  Fall  of  JoUiifl  Onnr. 

Vol.  III. — To  the  Establi.^hinent  of  the  Monarchy  by  AtigustiL*. 
Vol.-^.       and  V. — From  Auj^istiu  to  Claudius,  B.  c.  27  to     P.  54. 
Vol.  VI. — From  the  Reign  of  Nero,  a.  d.      to  tfie  IWD  «f  Jerusalem,  x.  o.  70. 
Vol.  VII.— From  the  DmttttOlkn  .of  J«ranfam»  a.  n.  90^  to  the  Omih  of  M. 
Aurelius. 

Ilris  valMd>lc  work  t«ntftalMift  AtpalBlwterc  the  narratlTe  of  Gibbon  oommrDOM. 

"  When  we  eiiter  oa  •  nore  Msirehliw  erltkiiaiD  of  the  two  wrUan,  li  nrait 
be  admitted  that  Merirale  has  m  firm  a  gn»p  of  bit  am^^et  as  Gibbon,  and  tilMt  kl*  woik  to 

chomcterixod  by  a  greater  ftaaduiu  from  nn  judice,  and  a  sounder  pbikMoplij; 

"Tbta  BMoty  nau«t  ain-ityR  stand  as  a  splenditi  inonnBNOt  cf  hit  kanilxig, 
bis  candor,  and  hb  vieorout  gnao  of  Intellect  Tboiigrti  be  i»  In  wme  rctpeeta  latatar  to 
Macaalar  and  (irotc,  be  matt  ttlil  be  classed  with  them,  as  one  of  the  taBOlld  pwt  Mm* 
TiiaU  of  KogUati  hiataiiaaM.''— North  AmsHeam  Jt^tUtOf  AprU^  IStt. 


Thirty  Poems, 


No  Ent^lisb  TKK  t  8tirpa»:>(  .'^  him  in  knowledjn>  of  nature,  and  b«t  few  are  Ul  Mnln  Ha 
in  better  than  Ojwih  r  uml  I'lioiiwrn  In  their  2>[)o«-|iil  walk*  «f  poatqr, aod  the  aqnu  «f  Wad*» 
worth,  that  pvat  high  prlutt  of  oature."—rA«  World. 


Hints  to  RiHemen. 

By  II.  w.  s.  (YrrKLAsn.   1  vol,  ISmok  lUiiatnted  irith  BanMRms  Jkdffm 

of  liifles  and  lUlle  rraclice. 

I  ofTer  these  bints  as  the  oontrlbntton  of  an  old  eporttman.  and  if  I  succeed  Is  nj  Atgne 
in  cvcitlns  nn  intartat  In  the  subject,  mv  end  will  ha Mooainllshed.  even  if  the  futnre  Inrea- 
tintiooa  of  those  who  «« thus  attracted  ahoold  piovo  aaj  m  my  opinioot  *o  be  eironeooa.*— 


Queen  Mab.  . 

A  new  Novel  By  Juiu  Xatuuoi.  1  vol,  12iim. 

*•  N' )  English  novelist  of  the  nroscnt  day  onght  to  hold,  we  think,  n  hijrher  rank  in  horown 

f>erulliir  \\  n\k.  of  litcnUim-  than  Miss  FCavonogh.  There  Is  a  fr»'.«hne»8  of  oriidnallty  about  all 
uT  work?,  and  au  individual  character  stamped  on  each, — there  1;*.  moreover,  a  iiuily  of 
iliMiiL'ht  nn  l  f  '<  Hnir,  a  hunnuur,  to  to  Speak,  pervading  each  separate  work,  that  plainly 
f>p.':iks  ori-i:i.Li  uiii.t.  while  tho  woMaMj  p>e>  of  her  otehiim  of  chamter,  to  ■  mufH 
or  artistic  e.\eclltucc."—  TabUU 


My  Cave  Life  in  Yicksburg. 

By  a  Lady.    1  vol.,  Vlxno. 

**  AUosetber  we  commend  the  book  as  wwth  more  Ibao  olmufit  any  dozen  ulf  books  oo  the  war 
wo  hoft  Maly  Bottoedi'* 
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